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Foreword

The initial analysis for this study was undertaken during 2018, but it is worthwhile to provide
some context in which the results of the analysis can be considered.
In January 2019, the global trend towards the exploitation of renewable energy (RE) and new
storage technologies, continues apace. In the past, South Africa has made its own
commitments to RE via the REIPPP and now through a revised and updated new Integrated
Resource Plan (IRP2018), with on-going commitments to Wind, PV and Distributed
Generation (DG) plant.
Although the IRP2018 calls for on-going commitment to RE plant, and as customers grow
“Behind the Meter” (BTM) installations, it should be noted there are also several parties who
vehemently oppose further installation of RE plant in South Africa – based mainly, it seems,
on the perception that installing more RE plant will lead to further job losses for the labour
force currently employed by both coal mines and coal fired power plant. This is material issue
for trade unions and may result in further stakeholder processes to manage any changes in
the structure of the sector.
Concurrently, Eskom seems to stagger from crisis to crisis, with reducing demand, ballooning
debt, poor plant availability and customer load-shedding. This inability of government to
align the market behind a single vision of the future of the electricity sector, combined with
Eskom’s struggle to survive, present a significant threat to South Africa.
The IRP2018 process, was initially to have been completed in 2018, but this was changed to
the end of January 2019, in order to accommodate public participation processes. At the
same time, the Minister of Energy has also committed to submitting the IRP to a NEDLAC
review process and thereafter it will also be subjected to “policy adjustment” by cabinet. The
Minister has committed to finalising the IRP in Q1 2019, however given the length of time
that these processes will take, the IRP2018, could only be promulgated by the end of 2019.
In December 2018, President Ramaphosa has also appointed a Task Team to deal with the
following key issues in Eskom:
•
•
•
•
•
•
•
•

Assess the operational, structural and financial viability of Eskom, including key
assumptions around life of plant, impact and cost of environment commitments and
demand assumptions.
Review the turnaround strategy submitted by the Eskom Board of Directors. This will
include a review of key assumptions, impact on tariffs and industry, and viability of
proposed solutions on the future role of Eskom.
Assess the appropriateness of the current Eskom business model and structure.
Present a view on the current energy trends and the evolution of the global energy
context.
Present a view on the role, positioning and structure of energy utilities and provide
proposals.
Propose alternative business and financial models appropriate for the South African
context.
Propose how the structure of the electricity industry in South Africa can adapt to
evolving changes in this sector, including the harnessing of new technologies.
Make proposals to resolve the debt burden.
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The Task team is due to make its report at the end of January 2019, but initial feedback has
focused on the restructuring of the utility into three distinct organisations for Generation,
Transmission and Distribution.
The changes in RE technology and prices, have for the first time given customers an
affordable, alternative choice in how they procure electricity supply and it is within this
context that the analysis in this report should be considered. The volatility and uncertainty
created by the delayed IRP2018 and Eskom’s on-going crises have encouraged consumers to
consider all alternative means of supply. Eskom’s continued requests for tariff increases, if
awarded, will only strengthen the business case for DG RE plant.
Given the above, it seems likely that the relevance of DG RE plant will continue to grow in
South Africa as a viable future supply option.
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Executive Summary
Introduction

SAWEA appointed a team of multi-disciplinary consultants1 to carry-out a study that
investigates the value proposition of Distributed Generation Renewable Energy (DG RE) with
a particular emphasis on wind and solar PV technologies. The study examined the following:
1) The rationale behind the anticipated increase in DG RE and the potential contracting
structures to facilitate electricity sales between IPPs and Munics/customers.
2) The impact on operations at local (municipal) level and national (Eskom) level.
3) A detailed assessment of the commercial impact of increasing levels of DG RE on
customers, municipalities and Eskom.
4) A high-levels assessment of the impact on the National Fiscus as well as Local
Economic Development.
5) The study also included a case study review of existing bilateral transactions.
The following municipalities have been selected for review in the modelling:
•

City of Cape Town (CoCT)

•

Ekurhuleni (CoE)

•

Nelson Mandela Bay (NMB)

•

City of Johannesburg (CoJ)

•

City of Tshwane (CoT)

Scenarios and Assumptions
In order to test the commercial impact of DG RE the study developed several scenarios as
shown in the figure below. The scenarios were designed to examine the impact of:
1) Increasing levels of DG RE: S1 & S2 assume moderate capacity increases of 20MW per
year while S3 & S4 assume higher increases of 50MW per annum over a 10-year
period.
2) Different connection points: The scenario simulated three different connections
points namely; to the load in other words a Behind-the-Meter” (BTM) installation, to
the Munic’s network (Embedded) and to Eskom’s transmission network. S4 was
specifically introduced the test the impact on commercial results if electricity is
wheeled from remote DG RE sources over Eskom’s transmission network.
3) Different Offtakers: Sub-scenarios (denoted as “a” or “b”) were used to analyse the
differences between the customer as offtaker versus the Municipality as the offtaker.
4) Different tariff paths: Electricity tariffs have a significant impact on the viability of DG
RE. The results evaluated the commercial impacts of a low and a high tariff forecast

1 Africa Power Ventures, Cresco, PNO and Baker McKenzie (“the Consultants”)
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Table 1: National DG Capacity per Scenario 1-4

S1 - Behind the
Meter (MW)

National

2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
Total

S2 - Embedded
with Lower
Capacity (MW)

S3 - Embedded
with Higher
Capacity (MW)

S4 – National
(MW)

PV

Wind

PV

Wind

PV

Wind

PV

Wind

60
60
60
60
60
60
60
60
60
60
600

40
40
40
40
40
40
40
40
40
40
400

60
60
60
60
60
60
60
60
60
60
600

40
40
40
40
40
40
40
40
40
40
400

145
145
145
145
145
145
145
145
145
145
1450

75
75
75
75
75
75
75
75
75
75
750

85
85
85
85
85
85
85
85
85
85
850

135
135
135
135
135
135
135
135
135
135
1350

The main body of the report summarises the key assumptions used in determining the
various impacts.

Rationale for DG RE
This report discusses several developments that are driving the development of DG RE, in
RSA as well as internationally. The main point to note from an international perspective is
that sellers (IPPs) and buyers (distribution utilities and customers) are increasingly using
Corporate PPAs to lock in the economic and environmental advantages of DG RE.
South Africa is benefiting from international energy trends including falling DG RE prices as
well as being impacted by rising and or volatile retail electricity prices. In addition, Eskom’s
ongoing supply constraints and calls for substantial tariff increases over the next few years
are further encouraging local sellers and buyers of DG RE to actively examine their options.
The report also discusses three potential contracting structures for DG RE transactions: (i)
Behind the Meter (BTM) PPAs, (ii) Sleeved PPAs and (iii) Direct PPAs (i.e. wheeled). Each
structure has its own advantages and challenges. The salient points to note are:
1) BTM arrangement benefits include: does not require active support from current
supplier (municipal distributor); easiest from metering perspective; buyer receives
full benefits of offsetting energy and possibly network charges, improves security of
energy supply and helps with compliance with climate change reporting and
corporate governance needs.
2) BTM challenges include: not always space available on customer site; may not receive
full (or any) compensation for any excess energy produced and fed back in to the
network – this may lead to inefficient plant sizing; customers may be reluctant to
invest in equipment if they are tenants and not site owners.
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3) Sleeved PPAs benefits include: reduced energy costs; does not require land; offtake
can be for multiple customers (aggregated PPA's) and helps with compliance with
climate change reporting and corporate governance needs.
4) Sleeved PPAs challenges include: needs support of current supplier and does not
provide security of supply; current supplier may charge for entering into contract;
current supplier may have to take network availability risk, lenders will need to assess
current supplier’s long-term bankability as they become a party to the transaction.
5) Direct PPA benefits include: provided the utility does not take on supply or financial
risks, the benefits of a “Direct” Corporate PPA are arguably considerable including
the avoidance of deemed payments by network utility, does not require land, offtake
can be for multiple customers, reduced energy cost, limited public procurement
requirements, no utility credit checks and helps with compliance for climate change
reporting and corporate governance needs.
6) Direct PPA challenges include: current supplier must agree to transaction including,
agreement on wheeling charges, deal with risk of network unavailability, does not
improve security of energy supply.

Impact on Operations
Low levels of DG RE penetration have relatively little impact on operations. However certain
technical and operational challenges emerge when DG RE capacity increases significantly.
The report identifies several potential benefits and challenges (see table below) and provides
a high-level discussion of the main observations, concerns and impacts on distribution
networks based on international trends and experiences.
Table 2: Typical Benefits and Challenges from DG RE Deployment

Potential Benefits of DG

Potential Challenges of DG

1)

Network expansion deferral

Revenue loss

2)

Network loss reduction

Network expansion increase

3)

Improved security and reliability

Network loss increases

4)

Emission reduction

Voltage fluctuations

5)

Fast implementation

Electrical protection

6)

Lower overall costs

Safety concerns

The report also explores the operational impact on Eskom’s transmission system and
generation functions. A short discussion on the role of energy storage systems is included in
the report to highlight how these systems are expected to provide specialised services and
facilitate more renewable energy capacity.
The main points to note from this section are:
1) The deployment of distributed generators near the point of electricity consumption
can significantly reduce the need for electricity transport and its associated losses.
However, uncoordinated development without guidance can inadvertently
undermine quality of supply and increase costs.
17 January 2019
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2) One of the main technical concerns with the deployment of large-scale DG RE
capacity at the distribution level is the potential rise in voltage on the lines to which
the DG resources are connected.
3) It is clear that voltage fluctuations can be effectively managed, and the quality of
supply improved, through an array of options, including: basic inverter power factor
controls, transformer tap-changer settings, grid capacitors, STACOMs and energy
storage devices.
4) The key lesson learned from overseas markets with significant DG capacity is that
utilities should anticipate and plan for the roll-out of DG and provide guidance on the
specification, size and location of these facilities to relieve network congestion,
minimise generation curtailment, reduce peak demand and improve reliability.
5) The overriding conclusion is that DG RE resources offer substantial benefits that will
result in lower prices and better quality of supply, but that these benefits can only be
fully realised through proactive management.
6) Energy storage will increasingly affect the entire electricity value chain. For utilities,
energy storage will become an integral tool for: managing peak loads, reducing
variability of supply from renewables, deferring T&D investments, increasing network
utilisation, regulating voltage and frequency and providing reserves. For their
customers, storage can be a tool for reducing costs related to peak demand, to
supporting energy arbitrage and in the future, to also participate in markets, for
example, supplying ancillary services.
7) System operators are facing a number of challenges with increasing levels of RE
capacity, including:
a) RE plant remaining connected after system disturbances through improper
equipment specifications.
b) managing voltage fluctuations.
c) ensuring sufficient reserves are kept to manage the variability of RE plant
production, including ramping reserves.
d) loss of ‘Inertia Response’ because of fewer rotating machines.
8) Although the mentioned technical issues may seem complex and expensive to
resolve, many commentators have observed that early concerns about how difficult
integrating renewables might be in terms of managing the additional need for
flexibility were largely overstated - power systems around the world have since easily
accommodated much higher amounts of renewables than first anticipated
9) Transmission and generation expansion planners are facing low cost variable
generation technologies and energy storage devices that require fresh system
planning approaches, new statistical methods and techniques and specialised
modelling tools.
10) The high-level analyses, presented in the main report and depicted below, show that
there are considerable potential long terms savings from transmission investment
deferral if DG RE capacity are introduced for all five identified metropolitan areas.
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Figure 1: Potential Transmission System Investment Savings (Rm)

11) The analyses further indicate that the expected marginal transmission line loss savings
from the assumed DG RE capacities are noticeably higher than the assumed average
losses for Eskom’s transmission load zone. The exception is in the Tshwane area where
the estimated marginal losses are close to the assumed average losses for Eskom’s
transmission load zone. See figure below.
Figure 2: Potential Line Losses Savings comparison

Impact on Commercials
The consultants developed a bespoke MS Excel model to analyse the commercial impact of
the different DG RE scenarios on customers, Municipalities and Eskom. In addition to the
17 January 2019
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assumptions stated in the main report there are also several other factors which will affect
the economic impact assessment of DG RE plant including, for example: adjustment of
Eskom’s ToU periods, changes in tariff structures, the introduction of new tariff components,
and the actual location of DG RE resources and customer loads.
The financial and tariff impact outcomes from this analysis are subject to these assumptions
and should therefore mainly be used for comparative purposes and the absolute impact
assessment should therefore be viewed in this context.
It is worth noting that there are fourteen sets of scenario results for each Munic resulting in
approximately 360 data points. It is therefore not easy to comprehensively summarise the
results in in a few figures, without losing important resolution.
Keeping this in mind, the following points are considered noteworthy:
Customer Perspective
From a customer perspective the following has been observed:
1) DG RE offer value to customers under all scenarios except under low tariff increase
trajectory in CoE, CoJ and CoT.
2) Under a high tariff increase trajectory DG RE offer value to customers in all Munics.
3) Purchasing power from a combination of embedded and nationally located DG
(Scenario 4) plant, offers value to customers even under a low tariff scenario
(including the cost of wheeling).
Munic Perspective
From a Munic perspective the following has been observed:
1) BTM DG have a negative net commercial impact on all Munics as customers can
escape all energy related charges including: energy, losses, subsidies, levies and the
municipal mark-up that is added on top of Eskom’s energy charges.
2) Munics will have to review their tariff structures and levels to mitigate the impact of
lower sales due to DG. Options include lower energy charges and higher capacity
charges. Another approach might be to levy certain non-escapable energy charges on
licensed generation selling to customers.
3) Appropriate wheeling charges will ensure all Munics are positively impacted by
allowing wheeling over their networks. Excessively high wheeling charges will
suppress DG development and will disadvantage not only the customers but also the
Munic.
4) The analysis showed that wheeling charges differ significantly between Munics.
Wheeling charges for CoCT, NMB and CoJ fall in a range between 30 -40 c/kWh while
wheeling in CoE and CoT are between 15 – 20 c/kWh. The lower wheeling rates are
due to the Munic’s lower overall energy charges to its customers.
Eskom Perspective
From an Eskom perspective the following has been observed:

17 January 2019
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1) Eskom will experience a reduction in energy sales and potentially demand, which will
vary depending on the amount of DG RE capacity, the type of plant and the location
of these plant.
2) Assuming that Eskom’s marginal cost of production is higher than the MegaFlex
energy rates (which is likely to be the case over the next few years while supply
shortages persist) Eskom will be positively impacted by DG.
3) The wheeling of electricity over Eskom’s transmission network under Scenario 4 will
have a further positive impact on Eskom’s commercial results.
Discounted Net Commercial Impact
The results of the various scenarios have been tabulated below. In order to properly assess
DG’s impact on Eskom, it is important to make a fair estimate of the utility’s marginal cost of
production. For example:
1) If Eskom’s marginal cost of production is lower than the marginal loss in revenue the
utility will be worse off if DG plant cause a reduction in Eskom Sales
2) On the other hand, if Eskom’s marginal cost of production is higher than the marginal
loss in revenue, the utility will be better off if DG plant cause a reduction in Eskom
Sales.
Eskom is at present (December 2018) not able to meet the load during certain time periods,
resulting in national load shedding. To keep the lights on for as long as possible, Eskom is
also producing electricity from expensive generating units, pushing the marginal cost of
production to the level of diesel plant and beyond if load shedding is implemented. In light
of the above, it follows that Eskom’s marginal unit cost is higher than its marginal unit
revenue.
Given the above, the column denoted “Eskom(Megaflex)” shows the commercial impact
assuming Eskom’s marginal cost of production is equal to the marginal unit revenue - in other
words marginal cost is equal to MegaFlex energy rates. The column marked
“Eskom(variable)” illustrates the impact assuming Eskom’s marginal cost is 1.61 R/kWh
decreasing to the MegaFlex energy rate by 2021/22, when the current shortage of supply is
expected to the over.
Table 3: Scenario 1 Discounted Net Benefit (Rm; 2018 real) at 6% from 2019-2029
Selling to Customer (low tariff)
Customer
CoCT
NMB
CoE
CoJ
CoT
Total

859
769
379
534
260
2,802
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Selling to Customer (high tariff)

Munic
-660
-393
-405
-560
-301
-2,319

Eskom
(MegaFlex)
-54
-80
-27
-27
-27
-214

Eskom
(variable)
144
133
130
130
132
669

Customer
CoCT
NMB
CoE
CoJ
CoT
Total

Confidential

1,499
1,449
848
993
670
5,459

Munic
-768
-456
-460
-605
-300
-2,590

Eskom
(MegaFlex)
-69
-103
-34
-34
-34
-275

Eskom
(variable)
84
59
88
88
89
409
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Table 4: Scenario 2 Discounted Net Benefit (Rm; 2018 real) at 6% from 2019-2029
Selling to Customer (low tariff)
Customer
CoCT
NMB
CoE
CoJ
CoT
Total

Selling to Customer (high tariff)

125
147
99
99
98
568

Eskom
(MegaFlex)
-54
-80
-27
-27
-27
-214

Eskom
(variable)
144
133
130
130
132
669

199
376
-26
-26
-40
483

Eskom
(MegaFlex)
-54
-80
-27
-27
-27
-214

Eskom
(variable)
144
133
130
130
132
669

Munic

74
229
-125
-125
-138
-85

Selling to Munic (low tariff)
Customer
CoCT
NMB
CoE
CoJ
CoT
Total

Customer
CoCT
NMB
CoE
CoJ
CoT
Total

161
189
127
127
126
730

Eskom
(MegaFlex)
-69
-103
-34
-34
-34
-275

Eskom
(variable)
84
59
88
88
89
409

731
994
388
388
369
2,870

Eskom
(MegaFlex)
-69
-103
-34
-34
-34
-275

Eskom
(variable)
84
59
88
88
89
409

Munic

570
805
260
260
244
2,140

Selling to Munic (high tariff)
Munic

-

Customer
CoCT
NMB
CoE
CoJ
CoT
Total

Munic

-

Table 5: Scenario 3 Discounted Net Benefit (Rm; 2018 real) at 6% from 2019-2029
Selling to Customer (low tariff)
Customer
CoCT
NMB
CoE
CoJ
CoT
Total

Selling to Customer (high tariff)

Munic

289
229
-264
-264
-282
-294

332
147
248
248
245
1,219

Eskom
(MegaFlex)
-161
-80
-54
-54
-54
-402

Eskom
(variable)
356
133
337
337
341
1,503

Eskom
(MegaFlex)
-161
-80
-54
-54
-54
-402

Eskom
(variable)
356
133
337
337
341
1,503

Selling to Munic (low tariff)
Customer
CoCT
NMB
CoE
CoJ
CoT
Total

Customer
CoCT
NMB
CoE
CoJ
CoT
Total

Munic

1,604
805
694
694
671
4,469

427
189
318
318
316
1,568

Eskom
(MegaFlex)
-206
-103
-69
-69
-69
-517

Eskom
(variable)
193
59
234
234
239
959

Eskom
(MegaFlex)
-206
-103
-69
-69
-69
-517

Eskom
(variable)
193
59
234
234
239
959

Selling to Munic (high tariff)
Munic

-

621
376
-17
-17
-37
926

Customer
CoCT
NMB
CoE
CoJ
CoT
Total

Munic

-

2,031
994
1,013
1,013
987
6,037

Table 6: Scenario 4 Discounted Net Benefit (Rm; 2018 real) at 6% from 2019-2029
Selling to Customer (low tariff)
Customer
CoCT
NMB
CoE
CoJ
CoT
Total

278
280
347
347
354
1,606

Selling to Customer (high tariff)

Munic
316
314
313
313
314
1,570

Eskom
(MegaFlex)
451
411
335
335
335
1,868

Eskom
(variable)
994
955
892
892
893
4,627

Eskom
(MegaFlex)
451
411
335
335
335
1,868

Eskom
(variable)
994
955
892
892
893
4,627

Selling to Munic (low tariff)
Customer
CoCT
NMB
CoE
CoJ
CoT
Total

-
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Customer
CoCT
NMB
CoE
CoJ
CoT
Total

1,288
1,290
1,377
1,377
1,385
6,716

Munic
406
403
403
403
403
2,019

Eskom
(MegaFlex)
580
529
431
431
431
2,402

Eskom
(variable)
1,017
968
884
884
884
4,638

Eskom
(MegaFlex)
580
529
431
431
431
2,402

Eskom
(variable)
1,017
968
884
884
884
4,638

Selling to Munic (high tariff)
Munic
594
593
661
661
668
3,176

Customer
CoCT
NMB
CoE
CoJ
CoT
Total
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Munic
1,694
1,693
1,780
1,780
1,789
8,735
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Impact on the Fiscus
The modelling scenarios also consider the option that Munics may look to become the
offtaker for power from DG RE plant. In many cases this will require some form of
government support which implies an impact on the fiscus and more specifically government
guarantees. The analysis considered the outcome on the fiscus for both S2 and S3.
The results are summarised in the following figures and show:
1) Government guarantees are approximately R32 billion and R68 billion for S2 and S3
respectively.
2) The size of the estimated guarantees in relation to Government’s total guarantees
(between 4.8% and 10.2%) and guarantees to IPPs (between 16.0% and 34%) are very
significant.
3) Following the publication of the 2018 Budget Review, government is currently
reducing guarantees and therefore may be unwilling to take on additional
guarantees, if there is possibility for projects to proceed without them.
Figure 3: Comparison of guarantee requirements for S2 and S3

Local Economic Development
Although LED is a critical component of the REIPPP, it is not currently specifically mandated
for the development of DG RE project. Notwithstanding this, the following can be noted 2:
Job Creation from DG RE
1) All jobs are measured in Full Time Equivalent (‘FTE’) person-years, i.e. on the
assumption that a ‘FTE person-year’ is one person, employed full time (circa 8 hours
per day, 5 days a week) for a full year.
2) Jobs can be split into two phases: “construction” and “operations” and are classed as
either direct, indirect or inferred.

2

Based on data from consultants database of development projects and REIPPP data
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3) The table below summarises the job creation outcomes from this assessment.
Table 7: Job creation potential from DG RE
Employment Measurement per
50MW plant

Total Direct employment, in FTE
person-years (construction +
operations phases)

Indirect and Induced
Employment (FTE personyears)

Wind Plant, Jobs for Local citizens

207+127 = 334

150

Solar Plant, jobs for Local Citizens

280+ 87 = 367

165

Local Procurement
1) Local procurement in general is more cost effective and could be expected for civils
works, site offices, certain electricity items and fencing.
2) However, this is a small portion of the full capital cost and developers will probably
source the remaining equipment from international suppliers.
3) The all-in operating costs of the project SPV for a 50MW plant are ~R4-R5m per
annum; only R1.5m of that would be for Local procurement although a portion of the
remaining amount may still go to non-local RSA companies.
SED Spend
1) SED spend plays an important role in REIPPP projects; however it is not currently
obligatory in DG RE projects
2) Developers will pass on the costs of the SED spend to offtakers via the tariff and this
may impact on the attractiveness of the project
3) A rough calculation shows that for every R2m per annum SED spend during the
operations phase, the impact on the tariff would be ~1,5c/kWh for the modelled
50MW plants

Power X Case Study
Power X are currently the only licensed 3rd party trading entity in the South African
electricity market. As such, it is worthwhile to consider the successes and challenges they
face:
1) PowerX have found a viable operating niche in which they aggregate supply and
demand as a trader of electricity.
2) PowerX “sold” ~49GWh of power to its customers for their fiscal 2017 reporting
period, but only procured ~44GWh. This is possible as PowerX does not guarantee
supply to customers i.e. any shortfall in supply is simply made up by NMB which acts
as the supplier of last resort, if PowerX cannot deliver.
3) This is noteworthy as PowerX takes limited transactional risk – although Power X does
not guarantee supply to their customers; they will issue limited payment guarantees
17 January 2019
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to the supplier for the duration of the offtake agreement. These payment guarantees
will be negotiated on a case-by-case basis.
4) It should be noted that PowerX is therefore not playing the role of a bankable offtaker
for the full energy production from a project – guarantees are only provided for a
billing period up to 12 months, and only provided to existing suppliers. Guarantees
have not been provided to suppliers who are yet to construct their power plant
facility.
5) By constantly matching supply and demand on a short-term basis, PowerX have
avoided long term, onerous funding obligations, either via debt or equity – this
contrasts with the traditional contracting model which looks to 20yr PPAs in order to
develop RE plant. The PowerX model therefore works well in circumstances where a
generator is already operating but is looking for an offtaker OR for generators that
can develop new plant off balance sheet and are willing to accept the transactional
risk e.g. small rooftop PV projects.
6) The contracting of supply from smaller RE projects, may therefore be a more efficient
and flexible approach to support Corporate PPAs.
7) Many Munics (including NMB) charge a margin on energy costs. From an outsider’s
perspective, it is not possible to quantify exactly what makes up the margin, but
presumably it includes items including: losses, levies, subsidies and surcharges (for
example). PowerX’s customers will displace energy from NMB, who will lose out on
this margin. PowerX have confirmed that they have negotiated different wheeling
charges with NMB and Eskom – which theoretically should cover the loss of this
margin.
8) NERSA’s reason for decision on PowerX’s licensing applications notes: “The NMBM
does not charge wheeling price to energy generated within its boundaries. Energy
generated outside the municipal boundaries (external generation) are charged at 7%
of the product of the NMBM price and the total kilowatt-hour (kWh) of commercial
energy supplied to PowerX”.
9) This implies that:
a. for energy bought and sold within the NMBM, PowerX does not pay wheeling
charges
b. for energy bought outside the NMBM, Power X will pay a wheeling charge of 7%
of the cost of the energy procured by PowerX
c. for energy bought outside the NMBM, PowerX may be liable for other wheeling
charges from Eskom, or other distributors, depending on where they supplier is
located
10) One of the potential value offerings of PowerX is the ability to supply larger volumes
of power than any one individual customer could procure themselves e.g. by putting
up their own rooftop PV panels.
11) It seems likely that some of the larger Munics may look to duplicate this model
themselves.
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12) Given the lack of a requirement for significant guarantees, Munics might see this as
a potential option to mitigate some of the current RE procurement issues related to
the Municipal Finance Management Act.

Summary Conclusion
The report examined the potential operational and commercial impact of increasing levels
of DG RE on customers, municipalities and Eskom. The report also assessed the potential
impact on the fiscus reviewed the benefits of Local Economic Development. The main
conclusions from the report are:
1) DG RE installations are increasing globally driven by a desire from customers to lower
costs and meet clean energy obligations.
2) Contractual arrangements such as BTM-, Sleeved- and Direct- Corporate PPAs are
used to facilitate bilateral transactions between DG RE sellers and buyers.
3) DG RE have the potential to unlock significant benefits at local (distribution) and
national (transmission) level, including deferred network investments, reduced
technical network losses, improved quality and security of supply.
4) Large levels of DG RE capacity will raise a number of potential technical challenges
including voltage fluctuations and increased levels of supply variability. However,
through proper planning these challenges can be avoided and can be turned in
opportunities to lower costs and improve system security and supply.
5) The commercial analyses clearly demonstrate that DG RE will have a significant net
positive economic benefit (R billions) on customers, municipalities and Eskom under
a high tariff scenario. Under a low tariff scenario DG RE show a positive impact for
CoCT and NMB and a negative impact for CoE, CoJ and CoT.
6) It is essential for Munics to determine appropriate wheeling charges that will ensure
they benefit from providing wheeling services.
7) If Munics want to become the offtaker for power from DG RE plant, lenders will
probably require some form of government support which implies an impact on the
fiscus and more specifically government guarantees. The modelling results showed
that guarantees of approximately R32 billion and R68 billion would be required for
S2 and S3 scenarios respectively.3
8) The report also shows the potential local economic development benefits in terms
of:
a. Job creation (estimates range between 334 and 367 for total direct employment
in FTE person years including construction and operations phases)
b. Local procurement (estimated at R1.5 million per year for a 50MW plant) and

3

It should be noted that in the case of a “Sleeved PPA”, where the Munic buys the power and on-sells to a
specific customer, the Munic could look to their corporate customer to provide the necessary guarantees.
There are also other potential credit enhancements e.g. the securitisation of key accounts receivable for the
Munic.
17 January 2019
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c. Social Economic Development Spend (a rough calculation for the modelled
50MW plant shows that for every R2m per annum SED spend during the
operations phase, the impact on the tariff would be ~1,5c/kWh).
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Table 8: Summary Results Heatmap of Commercial Impact – When IPP sells to Customers
Summary Results Heatmap of Commercial Impact – When IPP sells to Customers
S1 - Behind the Meter
Low Tariff Increase

High Tariff Increase

S2 - Embedded (Low Capacity)
Low Tariff Increase

High Tariff Increase

S3 -Embedded (High Capacity)
Low Tariff Increase

High Tariff Increase

S4 - National i.e. Transmission Wheeling
Low Tariff Increase

High Tariff Increase

Customer in CoCT
Customer in NMB
Customer in CoE
Customer in CoJ
Customer in CoT
CoCT
NMB
CoE
CoJ
CoT
Eskom (Megaflex)
Eskom (Variable)

Customer Benefit > 0
Munic benefit > 0
Eskom benefit > 0

Customer Benefit < 0
Munic Benefit < 0 > R200m
Eskom Benefit < 0 > R200m

17 January 2019

Munic Benefit <R200m
Eskom Benefit <R200m

NA =
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Table 9: Summary Results Heatmap of Commercial Impact – When IPP sells to Munics
Summary Results Heatmap of Commercial Impact – When IPP sells to Munics
S1 - Behind the Meter
Low Tariff Increase

S2 - Embedded (Low Capacity)

High Tariff Increase

Low Tariff Increase

S3 -Embedded (High Capacity)

High Tariff Increase

Low Tariff Increase

High Tariff Increase

S4 - National i.e. Transmission Wheeling
Low Tariff Increase

High Tariff Increase

Customer in CoCT
Customer in NMB
Customer in CoE
Customer in CoJ
Customer in CoT
CoCT
NMB
CoE
CoJ
CoT
Eskom (Megaflex)
Eskom (Variable)

Customer Benefit > 0
Munic benefit > 0
Eskom benefit > 0

Customer Benefit < 0
Munic Benefit < 0 > R200m
Eskom Benefit < 0 > R200m
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Munic Benefit <R200m
Eskom Benefit <R200m

NA =
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Introduction

South Africa’s REIPPP programme successfully stimulated the development of renewable
energy generation options. Due to several factors this programme came to a near standstill
between 2015 – 2018. The draft IRP2018 shows that South Africa’s long-term commitment
to Renewable Energy (“RE”) plant remains unchanged – despite some short-term
uncertainty.
However, the REIPPP only addresses utility scale RE plant with Eskom as the sole offtaker –
there are other opportunities for Distributed Generation (“DG”) RE plant to supply private
as well as local government customers. Experience in the rest of the world has demonstrated
that bilateral transactions, based on willing buyer and willing seller principles, can therefore
serve as another important stimulus in the development of new Wind and PV generation
sources. This approach does not require a centralised procurement programme and neither
does the off-taker need to be a public entity.
Considering the above, SAWEA have appointed a team of consultants4 to carry-out a study
that looks into the value proposition of utility scale decentralised generation (with a
particular emphasis on Wind and solar PV technologies) in South African municipal and
Eskom’s networks. In particular, the study will assess the various risks and benefits to the
country at large in allowing or promoting such a form of generation.
This assessment will consider the impact on municipalities as both customers of DG RE plant
and network operators that will facilitate bilateral transactions. The following municipalities
have been selected for review in the modelling:
1) City of Cape Town (CoCT)
2) Ekurhuleni (CoE)
3) Nelson Mandela Bay (NMB)
4) City of Johannesburg (CoJ)
5) City of Tshwane (CoT)

4 Africa Power Ventures, Cresco, PNO and Baker McKenzie (“the Consultants”)
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8

Methodology
Approach

The value proposition of DG RE plant in South Africa can be examined from different
perspectives. This study has divided the assessment into several impact areas which are
based on the project’s Terms of Reference. The impact areas are briefly discussed below and
include:
1) Rationale for Bilateral Transactions: This work area examines the reasons behind the
increasing interest in bilateral transactions between private developers and
municipal and private offtakers. It also draws from international experiences in
understanding, at a high level, the different contracting structures.
2) Impact on Operations: The section explores, at a high level, the impact of DG RE on
the technical and operational aspects of distribution, system operations,
transmission and generation sectors. The report also briefly addresses the
increasingly important role of energy storage in an optimised energy system and its
complementary role in enabling variable Renewable Energy (vRE) resources.
3) Impact on Commercials: SAWEA requested the Consultant to examine the
commercial impact of various DG RE scenarios on five municipalities (City of
Ekurhuleni, City Power, Tshwane Metro, City of Cape Town and Nelson Mandela Bay).
This impact area presents and discusses the main results from the analysis. A more
detailed description of the methodology used in determining the net impact is set
out in Annex B: Methodology for Determining the Net Commercial Benefit.
4) Impact on the Fiscus: In view of the current severe financial constraints of local and
national government this work area focuses on the impact of different transactional
arrangements on the fiscus at local and national level.
5) Impact on Local Economic Development: The development of DG resources will
stimulate economic development in local communities. This work areas reviewed the
impact of these projects on Local Economic Development (LED).
The report also comments on PowerX’s approach to the enabling of bilateral transactions
with a view to learn from the company’s experiences and to develop robust arrangements.
Finally, the report includes many of the detail analysis and results in Annexures at the end.

Scenarios
The Consultant developed several scenarios to analyse the commercial impact on the Munics
and Eskom. The scenarios are separated by the following criteria:
1) Location of the DG RE generator
2) Installed DG RE capacity (split between wind and PV) per year between 2019 and
2029
3) The offtaker of the power from the DG RE plant – customer or Munic
4) Location of offtaker
5) Future tariff increases for Eskom and Munics

17 January 2019
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There is no universally accepted definition for DG resources,
however DG resources generally refers to a facility that generate
electricity at or near where it will be used. These resources consist
of various technologies and sizes and can be connected to the
transmission, distribution or even to a customer’s infrastructure
(e.g. BTM installations). In the context of this study the following
DG network connection points and references are used.

… DG resources
generally refers to a
facility that generate
electricity at or near
where it will be used
…

Figure 4: Potential Connection Points for DG plant

As the figure above shows, RE plant can be:
1) BTM or Captive i.e. connected to the customer’s network or “Behind the Meter”. Also
referred to as “Captive Power”, particularly when all the power is absorbed on the
customer’s premises.
2) Embedded i.e. connected in the Distributor’s network
3) National i.e. connected to Eskom’s Transmission network. It is noted that plant could
also be connected in Eskom’s Distribution network.
The different scenarios to test the commercial impact of DG RE deployment are outlined
below

17 January 2019
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Figure 5: Components of the DG RE Scenarios

In the figure above:
1) The red block denotes the DG RE capacity growth (Moderate or High) and the
generator location (Captive, Embedded or National),
2) The green blocks show the potential offtaker i.e. a private Customer or the Munic,
3) The purple blocks show the tariff increase options e.g. Low or High,
4) In S1, S2 and S3 the generator is located within the Muni’s franchised area,
5) In S2a and S3a the generator is selling to a customer, but it is embedded (connected
to the Munic’s network) and will therefore incur wheeling charges to move its power
across the Munic’s network to the customer,
6) S4 includes the option of some embedded generation as well as some national
generation i.e. there will also be wheeling costs incurred to move the power across
Eskom’s transmission network for the national generation,
7) For each Munic there are potentially 14 scenarios.

Assumptions
DG RE LCOE
The analysis assumed that the DG RE resources will sell electricity to the offtaker at the
forecast Levelized Cost of Electricity (LCOE) rate for each technology. It is also recognised
that the resource yield for solar and wind will be different for each municipality which will
affect the LCOE in each municipal area.
17 January 2019
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The assumed LCOE rates are summarised below. The starting point is the average cost for
the REIPPP Round 4 plants5. These rates are represented by the LCOE costs shown under
“National” in the figure below. These starting rates were then adjusted to simulate the effect
of smaller scale projects as well as differences in resource yields due to location.
Figure 6: Assumed LCOE Rates per DG RE Technology and per Municipality

The study further assumed that the cost for renewable resources decline over the next
number of years. The anticipated reduction in LCOEs for each of the technologies are
reflected in the LCOE indexed results depicted in the following figure.
Figure 7: Assumed Reduction in DG RE LCOE costs.

DG RE Production Profiles
Wind and solar PV (with and without tracking) resources all have varying energy production
profiles. The production profiles also differ between locations in response to the different

5 Based on feedback from SAWEA, the following source was used: Wright, Jarrad & Bischof-Niemz, Tobias & Calitz, Joanne

& Mushwana, Crescent & van Heerden, Robbie. (2017). Future wind deployment scenarios for South Africa. Presented at
WINDAc Africa 2017 https://www.researchgate.net/publication/321098174_Future_wind_deployment_scenarios_for_South_Africa
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wind and solar irradiation profiles. The detailed assumptions of the assumed production
profiles per technology per Munic are presented in section 15.1.
DG RE Capacity
In order to assess the impact of DG RE growth, there are two main DG RE plant growth (i.e.
capacity increase) scenarios namely a “Moderate” and a “High” scenario. The broad capacity
assumptions are discussed below:
1) Under the moderate set of assumptions (Scenario 1 & 2) it is assumed that 20MW of
DG RE will be added per Munic every year for ten years starting in 2019/20.This will
deliver 200MW by the end of 2028/29.
2) Under the high set of assumptions (Scenario 3 & 4) it is assumed that 50MW of DG
RE will be added per Munic every year for ten years starting in 2019/20.This will
deliver 500MW by the end of 2028/29.
Note: The exception here is given the size of the NMB network it was assumed that
the system will require major network strengthening to accommodate more than
200MW of DG RE capacity. Therefore, the capacity under Scenario 3 for NMB was
kept the same as for Scenario 2, namely 20MW per annum for a total of 200MW over
a 10-year period
The above capacity provisions are then further differentiated for each technology i.e. PV
(fixed), PV (1-axis) and Wind to favour the most viable RE resource in each area. The detailed
capacity breakdown is included in section 11 for easier reference to the commercial impact
results discussion presented in the same section.
Current and Future Tariffs
8.3.4.1

Current Electricity Tariffs

The commercial impact assessment analysis assumes the following in respect of current
electricity tariffs.
1) Eskom sells to Munics at MegaFlex for Local Authority assuming a connection of
>132kV and adjusted for the different transmission zones.
2) The DG RE IPP will sell its electricity to a large energy user with a connection capacity
of >1MVA, a connection voltage of ≥11kVA and a tariff structure that is based on postpaid-3-part-TOU. A large customer was chosen because of its ability to absorb large
quantities of power and credit worthiness.
3) National DG RE plant will be connected to Eskom’s Transmission network in the Karoo
with a connection of >1MVA at a connection voltage of ≥66kV&≤132kV. The Karoo
was chosen due to its favourable solar and wind resource potential.
8.3.4.2

Eskom Tariff Increases

It is important to note the modelling assumptions regarding future retail tariffs, as this will
have a significant impact on the viability of some of these bilateral transactions. For the
purposes of this investigation, the Consultants have assumed Low and High future tariff
increase scenarios in order to provide a cone of possible tariffs, within which the actual tariff
increase may lie.
17 January 2019
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The high tariff increase provides the upper boundary of the cone
and the low increase provides the lower boundary of the cone. A
moderate (and probably more likely) tariff increase can be said to
lie somewhere between the upper and lower boundary.
In order to simplify the modelling and limit the number of
potential scenarios, it was assumed that all Eskom’s tariff
components increase in the same proportion i.e. the structure of
the tariff does not change. The assumed annual real percentage
increases are shown below.

… the study assumes
that Eskom’s tariffs
will increase
between 20% and
50% in real terms
over the next four
years …

Figure 8: Assumed Eskom Tariff Annual Increases and Tariff Index (2018)

The above results show the study assumes that Eskom’s tariffs will increase between 20%
and 50% in real terms over the next four years. The reasoning behind the assumed tariff
increases are discussed below.
Low Tariff Increase
The Low Tariff increase scenario is underpinned by two key drivers namely,
1) Inflation linked increases assumed to be 5.5% per annum – inflation does not impact
on the tariff increase modelled in this study directly but, needs to be removed from
the Eskom applications to establish the proposed increases in real terms
2) A Regulatory Clearing Account (“RCA”) decision already passed by NERSA which will
allow Eskom to increase their tariffs by 4.1% (2018 real) per year for four years, from
2019-2022. This is effectively an increase to deal with differences between Eskom’s
historic revenues and regulatory allowed revenues. This increase will be in addition
to the assumed inflationary link increases.
The effective real increase will therefore be 4.1% for four years starting in 2018/19.
High Tariff Increase
The High Tariff increase scenario takes into account:
1) Eskom’s latest MYPD application which calls for a 15% nominal increase for three
years starting in April 2019.
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2) The NERSA approved RCA decision which will allow Eskom to increase tariffs by a
further 4.1% for four years.
The above effectively equates to a 13.5% real increase for 2018/19, 2019/20 and 2020/21
and a further 4.1% real increase in 2021/22
8.3.4.3

Municipal Tariff Increases

Municipal tariffs implicitly incorporate the assumed Eskom tariff increases as discussed
above. However, municipal specific costs are assumed to increase independently of Eskom’s
tariff increases as shown below.
Figure 9: Assumed Municipal Annual Tariff Increases and Tariff Index (2018)

The above results show the study assumes that Munic tariffs will increase between 0% and
9% in real terms (excluding Eskom’s tariff increases) over the next ten years. The reasoning
behind the assumed tariff increases are discussed below.
Low Tariff Increase
All non-related Eskom costs will increase with inflation only in
other words be 0% increases in real terms.
High Tariff Increase
All non-related Eskom costs will increase with two percent above
inflation per year over the next ten years starting in 2019/20.

… the study assumes
that Munic tariffs will
increase between 0%
and 9% in real terms
(excluding Eskom’s
tariff increases) over
the next ten years …

Technical Network Losses
One of the potential benefits of DG production is that it could reduce both distribution and
transmission losses. Sections 10.1.3 and 10.4.2 of this report provides a more detailed
discussion of the potential impact and loss reductions in distribution and transmission losses
as a result of DG deployment. For the purpose of the commercial impact assessment, the
study had to make assumptions in respect of losses on Eskom’s transmission system and the
Munic’s distribution networks. The assumptions are summarised below:
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Eskom Network Losses
For the commercial impact assessment, the study
For the commercial impact
assumes that Eskom’s transmission losses are the same
assessment, the study assumes
as the loss factors used to differentiate between
that Eskom’s transmission
transmission zones. The commercial impact analysis
losses are the same as the loss
uses these loss factors to determine the revenue and
factors used to differentiate
cost impact on Eskom for a reduction in sales as a result
between transmission pricing
of increasing DG production at distribution and
zones.
customer level. The loss factors are shown the table
below. These loss factors appear to be consistent with
Eskom’s reported transmission losses of 2.0% during the 2017/18 financial year.
Table 10: Transmission Loss Factors for Loads
Distance from Johannesburg

Zone

Loss factor

Eskom(≤300km)

0

1.0107

Eskom(>300km&≤600km)

1

1.0208

Eskom(>600km&≤900km)

2

1.0310

Eskom(>900km)

3

1.0413

Municipal Network Losses
For the purpose of the commercial impact Figure 10: Assumed Municipal Technical Losses
assessment study it was assumed that BTM
generation will reduce municipal and Eskom
transmission technical losses, while
embedded generation will reduce Eskom’s
technical losses. It is hard to find reliable
estimates for technical losses in the
distribution networks of the different
municipalities. But the discussion in section
10.1.3 on losses in the distribution networks
refers to benchmarks that suggest technical
losses in the distribution network could be in
the range of 6.5%. This is also consistent with
Eskom’s reported distribution losses of
6.43% in 2016/17.
Furthermore, the percentage of technical
losses vary per TOU period because of
changes in network power flows during these periods. Given that the renewable energy
generation profiles are not uniform across the day or year, the study assumed TOU
differentiated losses as shown in Figure 10.
The implied average Munic technical losses vary depending on the RE technology as well as
the assumed production profiles but the study results show that average technical losses
vary between 6% and 7%.
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Demand Charges
In calculating the net impact, the study assumes that wind generation contributes towards a
reduction in demand charges from the Munic due to its ability to contribute power in all
hours of the year. Due to wind’s variability, the study assumes a 33% contribution from DG
Wind capacity towards demand reduction.
For the sake of clarity, the study assumes that PV will not impact on demand or access
charges. Moreover, access charges, where applied, will not be affected by wind or PV
generation.
Wheeling Charges
In some of the modelling Scenarios the assumption is made that power will be wheeled over
the Munic’s (or even Eskom’s) network. Wheeling rates play an important role in making sure
the network company is adequately compensated for the use of its network.
Although some Munics have published specific wheeling rates, the Consultant elected to
allow the model to determine wheeling rates for all the Munics using a consistent approach.
The approach is based on the principle that the Munic should not be economically worse off
for allowing the wheeling transaction. Because of the uncertainty regarding whether a
wheeling transaction will increase or decrease network losses, the “cost reflective” wheeling
charge approach assumes that the benefit or cost of incremental losses accrue to the Munic.
These results are presented in section 11.
Eskom’s Marginal Cost of Production
In order to properly assess DG’s net commercial impact on Eskom, it is important to make a
fair estimate of the utility’s marginal cost of production. For example:
1) If Eskom’s marginal cost of production is lower than the marginal loss in revenue, the
utility will be worse off if DG plant cause a reduction in Eskom Sales.
2) On the other hand, if Eskom’s marginal cost of production is higher than the marginal
loss in revenue, the utility will be better off if DG plant cause a reduction in Eskom
Sales.
Currently (December 2018) Eskom is not able to meet the load during certain periods,
resulting in national load shedding to balance supply and demand. To keep the lights on for
as long as possible Eskom is also producing electricity from expensive generating units pushing the marginal cost of production to the level of diesel plant and beyond if load
shedding is implemented.
A basic review of Eskom’s marginal production cost between 2016/17 and 2017/18 shows
that Eskom’s Generation Cost increased by R2,854 bn while production from Eskom’s power
station grew by 1,770 GWh. These results indicate that Eskom’s marginal cost of production
is approximately 161 c/kWh6. This is much higher than Eskom’s average marginal revenue
per unit sold which is below 70 c/kWh. If the Consultant’s estimate of Eskom’s marginal cost
6

The marginal cost of production is different from the average cost of production. Eskom’s average Generation
Cost was 25 c/kWh during 2017/18. NB: The Generation Cost roughly equates to Eskom’s variable cost of
production only i.e. fuel, water and some O&M costs. The marginal cost of production refers to the full cost
associated with producing an extra kWh in a system – the marginal cost will therefore be higher than the
average cost.
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is correct, it means that Eskom will benefit substantially from DG production because the
loss of revenue is more than offset by a reduction in the cost of production.
It is however unreasonable to expect that the current generation supply shortage will persist
over the next ten years. Eskom’s own reports estimate that the current maintenance backlog
(one of the reasons for supply shortages) will be resolved over the next five years. In view of
the above, the Consultant assumed that Eskom’s marginal cost of supply will decrease over
the next four years to a level where marginal revenue is equal to marginal cost.
The assumptions are shown in the figure below:
Figure 11: Eskom’s Assumed Marginal Cost of Production
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9

Rationale for DG RE

This section of the analysis considers the key strategic reasons why companies are entering
into corporate PPAs i.e. buying energy directly from a generator as opposed to a utility or
distributor. It also summarises possible contracting structures which could be used in SA.

What is a Corporate PPA?
A Power Purchase Agreement (PPA) is a contract between a buyer and generator to purchase
(whether physically or notionally) electricity at a pre-agreed price for a pre-agreed period. A
corporate PPA is a PPA where the buyer is a corporate entity and no a utility.
Instead of buying power directly from utilities (typically stateThe primary motivators
owned), several businesses are now purchasing electricity
for considering Corporate
under long-term PPAs directly from independent generators,
PPAs are the economic
as well as investing in generation assets themselves. The
and environmental
primary motivators for considering Corporate PPAs are the
advantages.
economic
and
environmental
advantages.
Large
multinationals are beginning to apply their sustainability
pledges to their global supply chains and data centres, which has led to a significant uptick
in Corporate PPAs in the United States, Asia, Europe and more recently, Australia.

Global Trends
The recent significant rise in global corporate PPAs, is illustrated by the following Bloomberg
New Energy Finance graph.

The main driver of this growth, has been the improvement in the economics of a corporate
PPA, largely due to the fall in prices of renewable energy. However, many companies are
using corporate PPAs to meet their internal sustainability targets, to keep up with their
competitors and to maintain their reputation as "good citizens". Corporate PPAs have thus
become part of managing the "triple bottom line" – i.e. measuring the degree of a
corporate’s financial, environmental and social impacts.
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By way of example:
1) In 2017, a report on Fortune 500 listed companies, showed that 48% of them had “at
least one climate or clean energy target”7.The report also suggested that 63% of
Fortune 100 companies have set climate goals.
2) Corporates are looking to demonstrate “additionality”: i.e. go beyond the purchase
of green energy from their supplier or procurement of renewable energy certificates,
by investing directly into plants.
3) RE 100: the world’s most influential companies, committed to 100% renewable
energy (use of corporate PPAs among RE100 increased from 3 to 13% in 2015 – 2016)
– these include recognisable brands such as Google, Apple, Ikea, Adobe, BMW and
Walmart.
While this trend was initially subscribed to almost exclusively by companies within the
information technology sector, the demand has evolved to include consumer goods,
banking, telecoms, manufacturing and industrial
companies. Amazon alone have targeted 41MW
In South Africa, a similar trend can
across 50 installations. In South Africa, a similar
already be seen for example, global
brands such as Coca-Cola have recently
trend can already be seen. For example, global
partnered with local company, Mulilo
brands such as Coca-Cola have recently
Renewable Energy, to install
partnered with local company, Mulilo Renewable
approximately 10,6MW across 11 sites.
Energy, to install approximately 10,6MW across
11 sites.
Another notable global trend, has been the inclusion of smaller buyers through aggregated
buying models. While these types of buyers usually don't have large enough loads to demand
competitive pricing from renewable energy developers, by aggregating their load they are
able to establish an attractive off-take option for projects and negotiate reasonable terms.
These models come with complexities and nuances that need to be carefully managed but
have been effectively executed in Europe, the United States and Australia.

African Trends
Currently, the defining electricity market structure in many African countries is either a
monopoly structure or a derivative thereof, namely the “Single Buyer” model. In most cases
the incumbent utility acts as the generator, transmitter and distributor of power. In the past,
IPPs have been allowed to operate as emergency suppliers and in more recent times, to allow
utilities to meet their environmental goals and take advantage of constantly reducing
production costs. However, they are only able to sell power directly to the state utility, which
acts as a “Single Buyer”.
Whilst in theory some African countries have developed rules to allow for 3rd party
transactions to take place, to date, there are currently no African countries which have
effectively supported the introduction of willing-buyer/ willing-seller bilateral transactions,
which bypass the incumbent utility, and allow customers to contract directly with
generators8. The reduction in technology costs as well as the opportunity for customers to

7
8

http://www.climateaction.org/news/nearly-50-of-fortune-500-companies-set-carbon-reduction-targets
With the exception of PowerX, discussed further on in this document as a case study
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become generators themselves, have created greater demand to enable these types of
transactions.
Namibia is currently addressing this issue by developing a new market structure which they
have labelled a “Modified Single Buyer Model”. The new market structure allows for greater
participation of private (non-state) stakeholders, by allowing for 3rd party wheeling
transactions as well as 3rd party exports and imports. The trading arrangements will be
phased in to manage the risks associated with the changes in the market structure and to
manage the financial viability of existing licensees.
Another refinement on this trend is the creation of Africa GreenCo in Zambia. GreenCo, a
private company, intends to operate as a trader i.e. an aggregator of supply and demand.
They believe that they can lower the cost of supply, due to their ability to efficiently finance,
support and execute bankable transactions.
In December 2018, South Africa is currently experiencing another supply crisis, coupled with
Eskom’s application for further tariff increases. This has led to calls for examination of the
South African market model, including the potential unbundling of Eskom and creation of an
Independent System and Market Operator.
In response to Eskom’s ongoing supply
In response to Eskom’s ongoing supply
constraints and calls for substantial tariff
constraints and calls for substantial
increases over the next few years, private
tariff increases over the next few years,
companies are examining Behind-the-Meter
private companies are actively
installations as well as Wheeling arrangements
examining Behind-the-Meter
to mitigate their supply risks. This process has
installations as well as Wheelingbeen given further momentum by the
arrangements to mitigate their risks.
Parliamentary Portfolio Committee on Energy
that adopted a recommendation to increase the
allocation of small-scale embedded generation from the current 200 MW in the current draft
IRP to at least 500 MW. By making a specific provision for embedded generation in the IRP it
is anticipated that this will ease the licensing process which is currently one of the stumbling
blocks in DG development.
It is clear therefore that market forces are currently driving several African countries to
investigate options which will allow for further bilateral transactions which include
Corporate PPAs.

Australian Trends
Corporate PPAs have increased significantly in Australia in the last two years, as electricity
prices have increased. The following list illustrates selected examples of recent Corporate
PPA transactions:
1) SIMEC Zen Energy: 8 year PPA with 5 companies which have been brought together
in a buying group by the South Australian Chamber of Mines and Energy. The 5
members are Viterra; Central Irrigation Trust; Foodland (supermarkets); copper
miner Hillgrove Resources; and chemicals processor Adchem.
2) Mars Australia: 20 year PPA with Total Eren for approximately 50 MW from the 200
MW Kiamal solar farm in Victoria.
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3) Melbourne Renewable Energy Buying Group: consortium of 14 organisations, 88
GWh awarded to Tango Energy (retail arm of Pacific Hydro), 10-year PPA.
4) Nectar Farms: co-located 196MW wind farm and 20MW battery storage facility (VIC).
5) UNSW: up to 124GWh p.a., 15-year tripartite PPA awarded to Maoneng Australia and
Origin Energy.
6) Telstra / ANZ / Coca Cola / University of Melbourne: 226MW total, for phase one of
the Murra Warra Wind Farm project (VIC).
7) Coles: Up to 250GWh p.a., 7-13 year PPAs for renewable generators.
8) Telstra: 70MW, 8-year PPA (electricity and LGC) awarded to RES Australia for Emerald
Solar Project (QLD).
9) Universities are active in this space. Monash University, University of Sydney and
University of Technology have each run Corporate PPA tenders

Economic Rationale
A Corporate PPA can be viewed as a long-term financial investment, depending on the term
of the agreement. They allow companies to fix their electricity costs and thereby reduce
exposure to either power price volatility or on-going tariff increases. In many cases, utilities
are struggling to compete with the low costs of new RE plant, even when compared with the
average costs of their depreciated existing power plants.
In the case of South Africa, planning in the electricity sector now indicates that a large portion
of future supply will probably come from RE plant. However, in the interim, Eskom is
struggling to cope with the impact of anaemic demand growth due to poor economic
conditions as well as growing customer choice in supply options. Although tariffs in South
Africa are regulated and therefore cannot be negotiated with utilities, utilising rooftop
supply options or entering into long term corporate PPAs with embedded DG resources, can
allow companies to hedge against on-going tariff increases (typical Corporate PPA terms are
anywhere between 7 and 20 years) even if it’s only for a portion of their load.
While Corporate PPAs do serve a "hedge" function, corporates are exposed to a degree of
price risk if the utility’s electricity price moves lower than the agreed price in the Corporate
PPA. Given Eskom’s precarious financial position a reduction in Eskom’s prices is highly
unlikely. Nevertheless, Corporates need to take a long-term view on where electricity prices
are going. Ultimately, the benefits that a Corporate PPA offers, needs to outweigh the
downside risk of a reduction in tariffs. This price risk can be mitigated in the agreements by
including cap and floor pricing structures, such that the parties agree to renegotiate if the
utility’s prices breach either parameter.
In addition to the immediate benefits available to the corporate, these bilateral offtake
agreements also serve as an important market driver for renewable energy development in
countries with limited or no policy initiatives in place. A long term Corporate PPA with a
credit worthy corporate counterparty, that has a stable pre-agreed price formula, could
secure a steady revenue stream allowing the project to repay its debt. This is especially
significant in many markets in Africa, where the bankability of state-owned utilities is
questionable.
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Environmental Rationale
Voluntary sustainability and renewable energy targets (with social and reputational benefits)
are rising as key drivers for companies to enter into Corporate PPAs. As mentioned
previously, many of the world's most influential companies have signed up to ambitious
renewable energy targets – in 2018, Google announced that their total renewable energy
purchases had exceeded their total energy consumption! They currently hold contracts to
purchase ~3GW from several projects.9
Both consumer and shareholder activism are putting pressure on companies to adapt their
operations to a more sustainable future. Many institutional investors view climate change as
a key risk to their investments and therefore mandate their portfolio companies to adopt
aggressive targets and mitigation plans. Similarly, some companies view reducing emissions
as an integral part of protecting supply chains from continued climate change risks. For
example, Nestle, has stated that it is determined to play its part in tackling climate change
as an essential strategy for long term survival.
Current supply arrangements
from utilities in South Africa
cannot meet the requirements
from corporates wanting to
achieve their environmental
targets. The reason is that
Munics purchase most their electricity from Eskom which includes non-renewable energy in
their supply mix. Apart from BTM installations, which in many instances are not an option,
Corporate PPAs present an effective instrument to evidence compliance with increasing
climate change reporting and corporate governance requirements.
Apart from BTM installations, which in many instances are
not an option, Corporate PPAs present an effective
instrument to evidence compliance with increasing
climate change reporting and corporate governance
requirements.

Contracting structures
There are different types of contract structures which corporations can consider. It is
important to note that each structure has its own advantages and challenges.
“Behind the Meter” Corporate PPA
In this model, a renewable energy project is installed onsite
at the corporate’s premises. The corporate will then agree
to purchase all, or a portion of electricity generated by the
project. Any demand unmet by the onsite project is
serviced via a separate supply arrangement from the local
utility. There is a direct physical and contractual electricity
supply via private infrastructure.
BTM is considered the simplest form of corporate PPA,
because it physically connects the renewable energy

BTM is considered the
simplest form of corporate
PPA, because it physically
connects the renewable
energy generator to the
consumer on the site and
does not usually envisage
connection to or wheeling
over the grid.

9

https://www.greentechmedia.com/articles/read/google-officially-hits-100-renewable-energytarget#gs.xeJH98k
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generator to the consumer on the site and does not usually envisage connection to- or
wheeling over- the grid.10
Corporates with sufficient onsite space for a renewable energy project (for example
manufacturing, distribution, mining or agri-business companies) may consider the behindthe-meter structure to be an option. In South Africa, this is currently the most common form
of Corporate PPA – for example, many rooftop PV projects on shopping centres and office
premises have been structured using this option.
9.7.1.1

Advantages:

1) Fixing energy charges against Eskom’s rising tariff increases.
2) Potentially offsetting of utility demand charges.
3) Marketability and traceability (i.e. being able to easily identify the generation plant
and say "this is powering our factory") is easier under this structure.
9.7.1.2

Challenges:

1) Corporates often do not have sufficient onsite space to support a project at locations
with large load requirements.
2) Utilities and distributors do not always accommodate feed-in of excess energy or
offer very low compensation for excess energy.
3) Many corporates are tenants in their buildings, meaning they may require landlord
approval, which creates an extra layer of complication.
4) Several landlords have shown a reluctance to agree to these deals as they are trying
to monetise their roof space themselves.
5) Restrictive or inadequately regulatory requirements hamper the development of
larger and lower cost installations.
“Sleeved” Corporate PPA
In a “Sleeved” PPA arrangement,
the utility acts as the
‘intermediary’ and is therefore
expected to provide a firm
wheeling path or face the risk of
deemed energy payments.
Furthermore, utilities in RSA are
subject to public procurement
legislation which places a limit
on the term of any long-term
contract unless special
permission can be obtained from
National Treasury

10

In this model, a corporate buys electricity from a
specific renewable energy project via a utility. The
corporate enters into a long-term power supply
contract with the utility for a specified load, price and
duration. In turn the utility enters into a long-term
back-to-back PPA with the IPP for the same contract
term, price and volumes as the corporate’s contract
with the utility. The PPA and PSA are similar in
quantity and duration in order to minimise the risk to
the Municipality. In some markets this arrangement is
referred as a ‘Sleeved PPA’. In a “Sleeved” PPA
arrangement, the utility acts as the ‘intermediary’ and
is therefore expected to provide a firm wheeling path
or face the risk of deemed energy payments.

https://www.pwc.com.au/publications/pdf/optimising-energy-corporate-ppas-nov17.pdf
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Furthermore, utilities in RSA are subject to public procurement legislation which places a
limit on the term of any long-term contract unless special permission can be obtained from
National Treasury.
The corporate buyer has to agree with the utility on how the variable electricity output of
the generation facility will be credited against the corporate’s electricity requirements.
Furthermore, the parties need to agree on the transfer of ‘green certificates’ if the corporate
buyer needs the certificates awarded to the project for the purposes of demonstrating the
renewable nature of the electricity to be delivered to the buyer.
9.7.2.1

Advantages:

1) Corporate’s electricity costs should decrease to reflect long tenor of the PSA.
2) Does not require land at or near the customer’s site to build the project.
3) Allows the corporate to cost-effectively acquire green rights to meet renewable
energy or carbon reduction commitments.
4) Option for multiple corporates to pool together in respect of the offtake of energy
for project.
5) Improves security of supply to the onsite corporate buyer.
9.7.2.2

Challenges:

1) The utility will charge the corporate a fee for entering into the back-to-back PPA with
the IPP.
2) Does not offer any security of supply for the customer as the injection of electricity
is done remotely.
3) Utility, as offtaker of the PPA, will be expected to accept network availability risk and
in particular to provide the IPP with deemed energy payment in the event the
network is unable to evacuate the power from IPP’s connection point.
4) Requires involvement of a utility, which complicates the contracting structure. Debt
providers and equity holders in the plant must take a long-term view of the utility’s
ability to evacuate and deliver the contractual power and to meet its payment
obligations.
5) Corporate may have to provide a payment guarantee to the project for the utility’s
payment obligations under the PPA to the IPP.
6) Utilities in South Africa (Eskom and Municipalities) are subject to public procurement
legislation, compliance of which will be triggered through the entry into the back to
back PPA with the IPP. This is particularly burdensome where a municipality is
involved as municipalities are regulated through the Municipal Management Finance
Act (MFMA) which places a limit on the term of any long-term contract unless special
permission can be obtained from National Treasury.
7) Lenders will be concerned with the financial strength of the intermediate utility.
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“Direct” Corporate PPA
Another option is for the corporate to enter into a direct PPA with a specific IPP project which
is remotely located from the corporate’s premises but interconnected via a third party’s
network (e.g. the local utility).
This is similar to the Sleeved PPA from a commercial perspective except that the utility does
not purchase power from the IPP but renders a “wheeling service”. In this respect, the utility
can be seen as a “delivery agent” on behalf of the customer.
Provided the utility does not take on supply or
financial risks, the benefits of a “Direct” Corporate
PPA are arguably considerable including the
avoidance of deemed payments, no public
procurement requirements, no utility credit
checks and compliance with climate change
reporting and corporate governance needs.

Provided the utility does not take on
supply or financial risks, the benefits
of a “Direct” Corporate PPA are
arguably considerable including the
avoidance of deemed payments, no
public procurement requirements, no
utility credit checks and compliance
with climate change reporting and
corporate governance needs

The direct PPA will be based on similar terms and
conditions as a standard PPA except that one of
the parties will be required to accept system risk
i.e. where there is a breakdown or unavailability of the grid system. This can be managed in
a number of ways, including:
1) Option 1: The customer may agree to take the risk. This will mean that the IPP’s
delivery obligations cease at the connection point to the grid. If the grid is not
available to accept electricity from the IPP, the customer will be required to pay
deemed energy to the IPP and will not receive the agreed credit under its electricity
supply agreement. It implies the customer will pay twice for the electricity delivered,
once from the utility and again from the IPP.
2) Option 2: The IPP may agree to take the risk. This will mean that if the grid is unable
to evacuate the power from the IPP, the IPP will incur the loss in revenue. This risk
can be mitigated through careful design of the connection to the network and
thorough assessment of the network’s ability to evacuate and deliver the power. If
the technical assessment indicates a low probability of unavailability the IPP and its
lenders may decide the risk is low enough to proceed with the investment. This is
akin to large power users who rely on a “firm” but “unguaranteed” electricity supply
from the utility.
Under both options it is important to note that some of the delivery risk could be mitigated
through a “banking arrangement” where the local utility agrees to “bank” any undelivered
energy from the IPP for later use. The regulation and potential mitigation of this risk needs
to be tested in the market further including with stakeholders such as Eskom and
Municipalities.
The corporate and the local utility will then agree on an addendum to the existing electricity
supply agreement which provides for the wheeling of electricity from the IPPs delivery point
to the corporate’s supply point. The electricity supply agreement addendum will regulate the
credit that the customer receives for entering into the direct PPA along with the wheeling
charges applicable, metering, reconciliation and settlements. The credit is applied by the
utility by reducing the energy component of a customer’s bill by the amount of energy
metered at the delivery point.
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An agreement between the IPP and the utility may also be required to ensure that all
wheeling arrangements are dealt with seamlessly across the network
9.7.3.1

Advantages:

1) Option for a corporate to enter into a number of PPAs across multiple sites, allowing
the corporate to diversify its risk in respect of technology, location and project.
2) Direct negotiation with the project allows the corporate to control its exposure and,
possibly, achieve better electricity pricing.
3) Customisation of the transaction.
4) Does not require land at or near the customer's site to build the project.
5) Allows the corporate to cost effectively acquire green rights to meet renewable
energy or carbon reduction commitments.
6) Option for multiple corporates to pool together in respect of the offtake of energy
for the project.
7) Avoids the issues around utility creditworthiness.
8) No need for the utility to enter into long term off-take agreements. Provided that the
utility does not accept any risk in respect of the transaction, compliance with
procurement regulations may not be required.
9) This method is already being used by companies such as Power-X.
9.7.3.2

Challenges:

1) Requires the utility to accept wheeling of electricity over its network and the
calculation of wheeling charges.
2) Does not offer any security of supply for the customer as the injection of electricity is
done remotely.
3) Obtaining regulatory approval including generation licenses.

Wheeling in the RSA Context
In order to facilitate the trading of energy, wheeling provides access between a non-Eskom
Generator and an off-taker via a third party (e.g. utility’s) network. This includes various
transactions which have their own underlying contractual framework, such as:
1) Firstly, network services are provided to the parties by the network provider and the
network provider will raise charges for these services.
2) Secondly, the generator will contract, by way of a PPA, with the entity purchasing the
energy which, in the case of a corporate PPA, will be a corporate buyer.
3) Thirdly, the corporate’s electricity bill must be adjusted for the amount of wheeled
energy that it contracts under the PPA (at a value agreed with Eskom / Municipality)
and the customer will pay the standard tariffs associated with the cost of delivering
the remaining energy required.
Wheeling charges are the standard network related tariff charges for the use of the network.
NERSA has developed guidelines and “Rules on network charges for third-party
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transportation of energy”, which outline the process for calculating Use-of-system Charges.
Significant issues have been raised by municipalities and the sector regarding these rules
and, as a result, NERSA is currently undergoing a consultation process to review the rules
and regulations.
The analysis presented in the report and in particular section 11 deals extensively with
wheeling charges needed to ensure the Municipalities benefit from allowing wheeling over
their networks. However, many Munics are not sure how to calculate wheeling rates
resulting in them either not publishing any or over-estimating the cost of wheeling. Both
options will prevent them from benefiting from the advantages that wheeling can bring not
only to the utility but also to the local community through local development.

Conclusions
From the assessment, the following can be noted:
1) Key drivers for entering into bilateral transactions include: cheaper energy charges;
commitment to environmental policies; reducing exposure into volatile electricity
prices; contract terms which allow for periodic re-negotiation; a greater number of
bankable offtakers; security of supply.
2) There are a number of possible contracting structure which could be used for the
transactions, including: “BTM”, “Sleeved” or “Direct” PPAs.
3) BTM Corporate PPA benefits include: does not require active support from current
supplier; easiest from metering perspective; receive full benefits of offsetting energy
and network charges.
4) BTM challenges include: not always space available on customer site; may not receive
full (or any) compensation for any excess energy produced and fed back in to the
network – this may lead to inefficient plant sizing; customers may be reluctant to
invest in equipment if they are tenants and not site owners.
5) Sleeved PPAs benefits include: reduced energy costs; does not require land; offtake
can be for multiple customers.
6) Sleeved PPAs challenges include: needs support of current supplier; current supplier
may charge for entering into contract; lenders will need to assess current supplier’s
long-term bankability as they become a party to the transaction.
7) Direct PPA benefits include: no or low risk to utility, simplicity to execute; does not
require land to build plant; no limit on number of transactions to manage price,
avoids utility credit risk.
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10

Impact on Operations
Distribution
Background

The conventional manner of supplying grid electricity involves the construction of a number
of large power stations and the transport of electricity over long distances through
transmission and distribution lines, to the customers where the electricity is consumed.
The conventional approach of electricity generation and
supply worked well for many years but has recently
come under increasing pressure due to advances in DG
technologies in particular solar PV, Wind and energy
storage devices.

The conventional approach of
electricity generation and
supply worked well for many
years but has recently come
under increasing pressure due
to advances in DG technologies
in particular solar PV, wind and
energy storage devices.

The rapid increase of DG RE capacity in a system which
was designed primarily around centralised thermal
generation has raised several issues. Many observers are
concerned about the potential operational and
commercial impacts of the new technologies.

This section of report explores the potential benefits and challenges with the phasing in of
DG RE into the current supply arrangements. A table listing the key issues are shown below.
Table 11: Typical Benefits and Challenges from DG RE Deployment

Potential Benefits of DG

Potential Challenges of DG

7)

Network expansion deferral

Revenue loss

8)

Network loss reduction

Network expansion increase

9)

Improved security and reliability

Network loss increases

10)

Emission reduction

Voltage fluctuations

11)

Fast implementation

Electrical protection

12)

Lower overall costs

Safety concerns

This report provides a brief discussion of the points listed above. In addition, and where
appropriate, the report also offers mitigating strategies that aim to minimise or even avoid
the challenges posed by increasing DG RE capacity.
The overriding conclusion is that DG RE resources offer
substantial benefits that will result in lower prices and
better quality of supply, but that these benefits can only
be fully realised through proactive management that
involve revised planning methods, new technical
specifications and updated commercial arrangements.
If the implementation of DG RE is poorly addressed,
rapid and significant increases in DG RE capacity have the
potential to seriously weaken local and national
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networks, undermine quality of supply and threaten the viability of existing investments and
commitments.
Network Investment Deferral
Maintaining, upgrading and expanding the transmission and distribution (T&D) networks
represents one of the most significant expenses for electric network utilities and traditionally
there were few alternatives to costly investments in expanded capacity. However, the new
generation of less expensive and more intelligent DG RE sources and energy storage
technologies located on both the T&D grid and customers’ properties has opened the door
to:
1) use these options to defer investments in new infrastructure, and
2) explore methods for how to best utilise existing infrastructure.
DG facilities offer the potential to defer network investment thereby reducing costs and
improving network utilisation. There are essentially three primary issues driving the need for
T&D upgrades:.
1) Congestion and generation curtailment: The advantage of DG plant is that they
produce power near where it is consumed. DG facilities can therefore support the
entire grid by potentially reducing demand during peak times and by minimizing
congestion of power on the network. However, uncoordinated DG deployment can
actually increase the need for transmission and in particular distribution investments.
2) Load and peak demand growth: The installation of DG will change load flow patterns
on T&D networks. These changes could potentially benefit the utilities but they could
also impose additional challenges that require careful planning and control. Some of
the impacts and observations are discussed in more detail in section 10.1.9.
3) Reliability: Improving reliability is a particular concern for commercial and industrial
customers, which often place a premium on reliability as they risk significant financial
losses from an outage. It is clear that network reliability can be improved through
proper specifications, design and careful deployment of DG and energy storage
systems.
The key lesson learned from overseas markets
with significant DG capacity is that utilities
should anticipate and plan for the roll-out of DG
and provide guidance on the specification, size
and location of these facilities to relieve network
congestion, minimise generation curtailment
and reduce peak demand and improve
reliability.

The key lesson learned from overseas
markets with significant DG capacity is
that utilities should anticipate and plan
for the roll-out of DG and provide
guidance on the specification, size and
location of these facilities to relief
network congestion, minimise
generation curtailment and reduce
peak demand and improve reliability.

One means of addressing this is to encourage
development at sites that are more suitable
whilst at the same time discouraging development at unsuitable sites. This can be done by
determining the available capacity on each system (e.g. feeders and substations) for the
connection of DG capacity.
It is difficult to provide an accurate estimate for the value to the network if DG can be
deployed at the appropriate sites. The reason is that there are numerous factors affecting
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the calculation of the economic benefits. However, the City of Ekurhuleni conducted a cost
of supply study which provide some interesting insight into the potential benefit of network
deferment11. The study indicates the asset related costs per voltage as shown below. The
results are based on an asset replacement value of R24.3 billion (2016) which was annualised
using a factor of 7%.
Table 12: Typical contribution of assets to cost in c/kWh per voltage level from

Voltage Level

Rc/kWh contribution to asset related costs

HV (> 11 kV)

4.21

MV (> 1 kV and ≤11 kV)

19.64

LV (≤ 1 kV)

21.62

Average

16.92

Source: Ekurhuleni Cost of Supply Study (2016)11
The results show that supply at LV level imposes the biggest cost on the utility. It also
indicates that the biggest benefit of network deferment is at the low voltage level followed
by medium voltage and then high voltage customers. It is recognised that investments in
network assets are “lumpy” and that actual investment deferments may not be realised
immediately. Nevertheless, in the long-run all costs become variable and the above results
therefore provide a useful reference.
Network Loss Reduction
As noted, electricity is traditionally produced at large centralised power stations and
transported over long distance to the point where the electricity is consumed. The electrical
losses between the points of production and consumption can be significant resulting in
increased costs.
The deployment of distributed generators near
the point of electricity consumption can
significantly reduce the need for electricity
transport and its associated losses. However,
uncoordinated development without guidance
can also inadvertently undermine the quality of
supply and increase costs. Due to various factors
including: location, network design, network
loading and network maintenance and
operation, the technical losses in transmission
and distribution systems vary between municipalities.
The deployment of distributed
generators near the point of electricity
consumption can significantly reduce
the need for electricity transport and its
associated losses but that
uncoordinated development without
guidance can inadvertently undermine
quality of supply and increase costs.

Although it is difficult to estimate the level of technical losses, many commentators in South
Africa are of the view that technical losses should ideally not exceed an average 3.5% for the
transmission networks and 6.5% for distribution networks. This view is supported by a
detailed cost of supply study carried out on behalf of the City of Ekurhuleni in 2016. The
study concluded that the average total losses was 12.5% of which technical losses

11

http://www.ee.co.za/wp-content/uploads/2016/11/AMEU-2016-pg-12-20.pdf

17 January 2019

Confidential

Page 24

SAWEA - Decentralised Generation Study (final)

contributed 4.7%. The study also assumed that losses increase at lower voltage levels as
follows:
Table 13: Typical applied % technical losses per voltage level

Voltage Level

%Technical Losses applied per voltage level

> 11 kV

0.00%

> 400 V and ≤11 kV

3.50%

≤400 V and in Substation

5.60%

≤400 V

8.65%

Source: Ekurhuleni Cost of Supply Study (2016)11
It is noted that the percentage losses also increased with higher load flow. This means that
losses during peak demand periods will be higher than during low demand periods. The
assumed technical losses for the purpose of this study are discussed in more detail in section
8.3.5.
It should be emphasized that utilities can, through careful planning, send appropriate market
signals to: (i) encourage DG production in areas that decrease losses and (ii) discourage DG
production in areas which could potentially result in additional losses or even network
congestion.
Improved Security and Reliability
Weather disasters, political unrest, labour disputes and other disruptions have the potential
to interrupt power to a company reliant on the traditional energy model. By contrast with
DG resources there is greater power security, particularly in combination with islanding
capability, since the power is generated on or near the point of consumption.
Moreover, DG deployment enables the establishment of different generating technologies
under diverse ownership at a variety of locations. This approach decreases the reliance on a
few technologies, single ownership and generation in few locations. This is also referred to
as security-through-diversity.
Emissions Reduction
The vast majority of potential DG generators in South Africa consist of PV and wind
technologies which are much cleaner than Eskom’s existing coal-based generation.
Production from DG RE resources reduce greenhouse gas emissions, thus benefiting the
environment and helping to generate goodwill for the offtaking company. In this age of
increasing emissions regulations, distributed power may also help companies to not only stay
within regulatory limits, but also to assist them in meeting clean energy targets. This is
highlighted as one of the reasons for the emergence of Corporate PPAs - see section 9.6 for
more detail.
Fast Implementation
Distributed power generation is relatively fast to implement and can often be commissioned
at a large scale, within a year or less. Additionally, the technology is scalable in that if demand
increases at the site more capacity can quickly and easily be added. The fast implementation
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time reduces costs and risks to the investors and customers who must take a view on offtake commitments.
Lower Overall Cost
By harnessing the benefits of DG RE and by minimising its challenges most experts are of the
view that DG RE will contribute to lower overall cost and prices in the electricity industry.
The impact of lower overall costs is presented and discussed in detail section 11.
Revenue Losses
One of the main impacts resulting from an increase in DG RE, is the potential revenue loss to
the utility - especially with private BTM installations. The potential impacts have been
quantified and mitigating options have been identified including the introduction of
wheeling charges for licensed generators, appropriate net-metering arrangements and tariff
unbundling and restructuring. See section 11 for a more detailed discussion on the
commercial impacts of DG capacity.
Changing Load Profiles
Distribution network planners traditionally based their planning around the peak demand on
the network, which usually occurs in South Africa between 18:00 and 20:00.
Whilst the evening peak demand may remain at the same time, increasing DG RE capacity
will affect the overall shape of the load profile. For example, in the middle of the day when
PV generation is at its maximum output, the midday demand will reduce over time in
proportion to the installed PV capacity, leading to a “duck-curve” effect which can be seen
in the load profiles of several electricity markets. As an example, the figure below shows the
New England daily demand profile with a number of different scenarios for behind the meter
rooftop PV penetration – forecasts predict they will hit the 3GW level by 2019.
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Figure 12: New England Load Profile with added BTM Solar

Network planners should take these changes into account when planning new grids,
determining new settings, and specifying procedures and controls. In particular, voltage
fluctuations as well as fault currents and levels require special attention. These points are
discussed in more detail in subsequent sections. The above example is with reference to the
impact of PV capacity, but wind penetration will have its own unique impact on demand
profiles that should be taken into account.
In the localised system the impact of DG Figure 13: Impact of PV on ADMD
RE could be bigger. For example,
depending on customer demand profiles
and DG generation PV profiles, a situation
may arise where power flow is reversed
causing a new peak in the middle of the
day as shown in figure 13. Not only should
this be considered in allowing additional
DG plant, but network planners should
also take these developments into
consideration to prevent network
congestion and overloading. This is not
seen as a negative point but rather speaks
to the fact that DG approval and network planning criteria have to be adopted to cater for
this.
Voltage Fluctuations
Traditional electricity networks were designed to supply electricity in a single direction from
the generator to the consumer. This allowed for voltage supply to steadily drop as it moved
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from substation to customer. This meant networks’ primary concern was the avoidance of
the voltage sag for those customers at the end of a feeder line.
One of the main technical concerns with the
deployment of large-scale DG RE capacity at
distribution level is the potential rise in voltage on
the lines to which the DG resources are
connected. The rise is directly related to firstly the
de-loading of the cables and the lines and
secondly the reversal of flow on the lines.

One of the main technical concerns
with the deployment of large-scale DG
RE capacity at distribution level is the
potential rise in voltage on the lines to
which the DG resources are connected.

The rise in voltage due to the de-/loading of the cables and lines are twofold;
1) Firstly, production from DG resources will lower current through the resistance [R] of
the cables and lines resulting in a lower voltage drop (more visible in LV systems),
2) The second reason relates to the reactive power generated or absorbed by the line /
cable. When heavily loaded, the line / cable behaves as an inductor and will pull the
voltage down, a lightly loaded line / cable behaves like a capacitor which will cause
the voltage to rise.
The rise in voltage is even bigger when DG technologies start to export or push electricity
into the network. This can only occur if the DG plants maintain a voltage that is higher than
the local supply. As a result, grids with high levels of PV penetration (e.g. more than 25%)
could experience overvoltage events during midday when PV generation is highest and solar
inverters push up local voltages.
This occurrence of voltage variability poses technical challenges to network operation. As
penetration increases, so too does the scale and intensity of impact. The figure below
illustrates voltage variation with increasing DG RE production and with increasing load
consumption (assuming no DG production).
Figure 14: Voltage profile on radial network

Increasing DG production

Increasing load consumption

Source: GOPA-Intec12 (updated)

Figure 14 illustrates the following:

12

GOPA-International Energy Consultants is an independent German energy consulting company.
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1) Voltage rise due to increasing DG PV production during daytime
2) Voltage drop due to increasing load consumption during evening
The voltage could potentially increase to above the permissible 110% of the nominal voltage
during daytime. Similarly, the voltage could decrease to below the allowed 90% of nominal
voltage during the evening.
Numerous studies have investigated the voltage fluctuations due to DG RE deployment.
Various solutions have been proposed including:
1) A study commissioned by GIZ titled “Analysis of Indian Electricity Distribution Systems
for the Integration of High Shares of Rooftop PV” discusses the issues with rising
voltage levels with higher levels of DG deployment. It recommends the use of
dynamic tap changer control on transformers supplying the lines to which DG
resources are connected.
It is clear from the above figure that the voltage at the supply point (substation
transformer) will influence the line end voltage. By controlling the sending end
voltage with the on-load tap changer the line-end voltage can be controlled to within
limits. This option is technical feasible but in practise very few transformers at
distribution level in South Africa are equipped with automatic tap changer control
capability. The philosophy and guidelines on control of distribution transformer tap
changers will have to be updated in line with the changing networks.
2) Another option is to programme the inverters of RE systems to control voltage or
power factor. By using the voltage control functionality, the inverters can control the
voltage down (within the inverter capability) to prevent the excessive voltage rise as
demonstrated in the above figure. The risk with this approach is that if multiple
control systems, operating close to each other, are individually tasked with the
responsibility to control the voltage, they could work against each other resulting in
“hunting” between systems which is highly undesirable.
To overcome this hurdle an integrated, dynamic and intelligent control system is
needed. This is potentially an expensive and complex solution.
3) Another potential solution is to adopt a very basic power factor control strategy.
Small to medium-scale DG RE plants usually have basic control capabilities. For
example, during installation and commissioning the installer must consider specific
guidelines regarding the power factor settings (leading, unity or lagging). Incorrect
specifications could result in a significant deterioration of the power factors
experienced by the distribution network.
If the DG plant is operated at unity (power factor of one), which is the typical mode
of operation, it will have an impact on the system. The reason is that the DG plant will
provide active power to the network, however the reactive power requirement of the
load does not change - thus for the same load (P + jQ) the power factor as seen from
the network is worse when the RE is generating. The distribution networks still
provide all the reactive power but with the active power being offset by the RE.
With built-in inverter functionality it is possible to get multiple services from these
devices if programmed correctly. This capability can be used to control power factor
which in turn will offset voltage increases during periods of high DG generation. The
approach is to employ a fixed slope power factor control at the inverter. In the
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example shown in Figure 15 the power factor is kept at unity (PF = 1) up to 50% of
the inverter output. From this point onward, the power factor is controlled down to
PF = 0.95 when the inverter is at 100% output. By controlling the power factor down,
the inverter will absorb reactive power and thereby reduce the voltage.
Figure 15: Basic Power Factor Control Strategy

4) Mechanical switched devices such as capacitors and reactors as well as STACOMs can
also be used to control voltages.
5) Energy storage devices can be used to control voltages in local networks.
6) Limit the amount of DG penetration on a particular network to prevent voltage levels
in excess of allowed limits.
It is clear that voltage fluctuations can be
effectively managed and the quality of supply
improved through an array of options including
basic inverter power factor controls, transformer
tap-changer settings, grid capacitors, STACOMs
and energy storage devices.

It is clear that voltage fluctuations can
be effectively managed and the
quality of supply improved through an
array of options including basic
inverter power factor controls,
transformer tap-changer settings, grid
capacitors, STACOMs and energy
storage devices.

Electrical Protection
The presence of a generation source close to the load and the interconnection of multiple
generating sources can affect the fault current at a load point. A fault current is made up of
the following:
1) The normal fault current from the grid connected transformer.
2) Fault current from the interconnected DG sources. This will depend on the state of
operation of the device and the fault current capacity of the generator.
3) Fault current from a storage device if installed.
Planning and design of protection equipment and associated systems become more complex
as the variable generation increase. This will require that the protection philosophy,
coordination, settings, and grading of protection systems be reviewed.
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Human and Equipment Safety
Also, in traditional systems the breaker from the upstream supply will trip on a fault
condition, leaving the downstream network de-energized. However, with DG capacity
connected to the downstream system it is vital for personnel safety that these DG capacities
are automatically switched out.
The solution to this is appropriate standards and equipment specification as well as the
testing and certification of systems.
Conclusions
The analysis has noted the following key issues:
1) DG RE can have both positive or negative impact on the development, operations and
maintenance of local networks.
2) Certain technical issues only arise following significant deployment of DG RE capacity.
3) If Munics plan proactively, they can take advantage of several potential benefits,
including: loss reduction; capacity deferment; improved power quality; better
voltage control, increased network availability and emissions reductions.
4) Munics need to consider the technical impact of DG RE and how they can manage
issues such as voltage rise, faults and changes in power factor.
5) Investments into metering and communications systems will be vital in managing
financial impact and taking advantage of DG RE services.

Energy Storage
Energy storage devices, whether in the form of battery banks, electric vehicles or other
technologies, offer several potential benefits to the system operators, utilities and
customers. The figure below depicts the use of the different services.
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Figure 16: Potential Energy Storage Device Services

The list below summarises the services from storage devices noted in the above figure and
other publications. It is expected that this list of potential benefits from storage devices will
keep growing following deeper research, practical observations and better understanding
of the new technologies.
Table 14: Storage Devices Potential Benefits

System Operator Uses
1) Frequency regulation
2) Quick reserves
3) Resource adequacy
4) Demand response
5) Black Start
6) Voltage control
7) Mitigate variability of
vRE sources

Utility Uses
1) Network investment deferral
2) Voltage control
3) Energy arbitrage (sell in peak
periods)
4) Reduce demand charges
5) Demand response
6) Network islanding
7) Network congestion relief
8) Mitigate variability of vRE
sources

Customer Uses
1) Energy arbitrage (sell
in peak periods)
2) Reduce demand
charges
3) Increased PV selfconsumption
4) Backup power
5) Islanding

Energy storage is becoming a valuable tool for enabling the effective integration of
renewable energy and unlocking the benefits of local generation and a clean, resilient energy
supply.
Despite rapidly falling costs, energy storage systems remain expensive and the significant
upfront investment required is difficult to overcome without government support and/or
low-cost financing. However, the services provided by energy storage systems are often not
properly valued or recognized within existing energy market regulations.
By way of example, the world’s largest lithium-ion battery 100MW/129MWh is paired with
the Hornsdale windfarm, which is about 230km north of Adelaide in South Australia. The
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French renewable energy company Neoen, which owns the battery, filed for an IPO listing
on the French stock exchange during September 2018. According to the IPO papers files, the
battery had a capital cost of A$90.6m and generated A$23.9m, in revenue in the six months
to 30 June 2018. The revenue breakdown is as follows13:
1) Almost A$2m of that was from its 10-year contract with the South Australian
government to provide reserve capacity for the state’s electricity network,
2) A$10.8, from the sale of stored electricity,
3) A$11.1m from frequency and ancillary services market.
It is interesting to note that the plant earned more from the sale of reserve capacity,
frequency control and ancillary services than the sale of electricity. It is also worth
highlighting that the South Australian government contract is for 70MW of capacity and a
small amount of storage, leaving 30MW and the bulk of the battery’s storage capacity
available to sell on the national energy market
Even with the perceived high cost barrier, installations of stationary energy storage devices
are increasing dramatically around the world as system costs are decreasing and as energy
markets are being reformed to allow for the use of more distributed resources. South
Australia is arguably leading the way with battery storage with several initiatives ongoing
including:
1) The well-known 100MW (129MWh) battery-pack at Hornsdale Power Reserve (from
Tesla).
2) A 25-megawatt, 52-megawatt-hour plant which will be will be built next to a 278MW
wind farm at Lake Bonney. The estimated cost of the plant is 28 USD million. The
plant will allow wind farm to “firm” at least an additional 18MW of its output. In
addition, the plant will also provide ancillary services, ensuring increased security and
quality of supply and fast response services as required14.
3) A 21 MW/26 MWh battery at a 44 MW solar farm near Snowtown15.
4) A 30 MW battery due to start operating within months aimed at improving security
of power supply on Yorke Peninsula.
5) Development of “the world’s largest virtual power plant”. It was announced that
Tesla was awarded a deal to install solar panels and batteries in nearly 50,000 South
Australian homes over the next five years. The South Australian government
estimates that the entire project would cost $800 million and that it will provide
250MW (with 650MWh battery storage) of dispatchable electricity from the
distributed home solar panels, and energy storage units16.
Interestingly, and in response to the South Australia’s announcement, German battery
storage provider Sonnen announced it is setting up a production facility near Adelaide South
Australia. The company plans to produce approximately 50,000 residential energy storage

13

14

16

https://www.theguardian.com/technology/2018/sep/27/south-australias-tesla-battery-on-track-to-makeback-a-third-of-cost-in-a-year
https://www.greentechmedia.com/articles/read/south-australia-reaffirms-its-love-for-tesla-bigbatteries#gs.svw8u78
https://www.greentechmedia.com/articles/read/tesla-virtual-power-plant-south-australia#gs.9T17tg4
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systems over the next number of years and forecast the factory will create more than 430
jobs across its operations and installation division within six months of the centre opening.
It is clear that energy storage will
It is clear that energy storage will increasingly
increasingly affect the entire
affect the entire electricity value chain. For
electricity value chain. For utilities,
utilities, energy storage will become an integral
energy storage will become an
tool for managing peak loads, reduce variability of
integral tool for managing peak loads,
renewables, defer T&D investments, increase
reducing variability of renewables,
network utilisation, regulating voltage and
deferring
T&D
investments,
frequency, providing reserves. For their customers,
increasing
network
utilisation,
storage can be a tool for reducing costs related to
regulating voltage and frequency and
peak demand and energy arbitrage.
providing
reserves.
For
their
customers, storage can be a tool for reducing costs related to peak demand and energy
arbitrage.
Driving all of this opportunity is the decreasing cost of battery storage, a factor largely due
to the rapid increase in the development and manufacture of batteries for electric vehicles.
Research by Bain & Company estimates that by 2025 large-scale battery storage could be
cost competitive with peaking plants—and that is based only on cost, without any of the
added value we expect companies and utilities to generate from other storage services.
Network planners and operators will need to consider how they incorporate these devices
to maximise their utility. In addition to the advantages highlighted above, energy storage
systems can be sized appropriately to meet grid needs and can be sited in numerous
locations to deliver maximum benefits—either in front of customers’ meters on the T&D grid
or behind-the-meter (BTM).
In considering the deployment of energy storage systems it is worth noting that:
1) At transmission-level these systems have been relatively rare to date, due to the large
storage capacity required to alleviate congestion and defer transmission investment
decisions.
2) At distribution-level energy storage systems have been the most common type of
T&D deferral projects to date. These systems are frequently built at substations or
specific points of congestion on the distribution grid to defer investments and
improve reliability by isolating outages. The advantage of energy storage systems
that are connected to substations over BTM customer installed systems, is that the
network operator prefers direct control over critical assets that are used to serve
peak demand and ensure the capacity of grid infrastructure is not exceeded. As a
result, energy storage is typically seen as a more reliable form of load reduction
compared to customer-side demand response. Furthermore, centralised, utility-scale
energy storage systems in particular, fit more with traditional utility investment
models and technical expertise.
3) BTM energy storage to defer T&D investments is more complex and dynamic than
transmission or distribution-level systems, although it has the potential to have a far
bigger impact on the industry. BTM energy storage for T&D deferral utilises advanced
software and virtual aggregation to provide targeted congestion relief for network
operators.
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With the introduction of more renewable energy sources in the networks, it follows that the
philosophy on network control and operation, as well as the provision of reserves, has to
change to accommodate the new technologies.

System Operations
To date, there appears to have been no substantial impact on the operation of Eskom’s
Transmission grid as a result of connection of renewable generation plant. At higher
penetration levels, the challenge to the system operator will be to maintain the balance
between production and demand, and the sufficient control of power flow on the
transmission grids to ensure stability and power quality in the short term.
The figure below depicts some of reliability services needed by system operators to maintain
quality of supply. The figure shows that vRE resource short-term deviations fall in the time
interval between approximately 10 seconds and 15 minutes and beyond.
Figure 17: Time-scale of Reliability Services

Source: US DOE Quadrennial Energy Review, Second Instalment, January 2017

The need for additional reserves could be partially offset though geographic diversity by
making sure that wind and solar sources are installed in different locations. However, extra
reserves with fast up and down ramping capability will still be needed.

System operators are facing several challenges
with increasing levels of RE capacity including:
• Ensuring that RE plant remain connected after
system disturbances through proper
equipment specifications
• Voltage fluctuations are effectively managed
• Sufficient reserves are kept to manage
variability of RE plant including ramping
reserves.
• Loss of ‘Inertia Response’ due to fewer rotating
machines is replaced
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One of the early technical challenges
with the introduction of large scale RE
capacity was for the plant to remain
connected to the grid during times of
grid instability. Modern wind and
solar plants are now designed to
“ride-through" severe faults, such as
short-circuit events where grid
voltages could potentially drop to
zero.
Voltage fluctuations and in particular
high voltage incidents during times of
relatively high DG RE production,
presented network planners and
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operators with additional complications. The main causes and potential solutions of dealing
with voltage fluctuations caused by DG RE plants are discussed in more detail section 10.1.9.
It is likely that variability of RE resources will impact on Ramping (or load following) reserves.
These reserves ensure that capacity is available for assistance during unexpected,
infrequent, and severe events that are not instantaneous in nature. Examples are large,
unanticipated changes in the output of wind or solar power that cannot be forecasted and
occur over an hour or more.
Another challenge that emerges when renewable power displaces more and more coal, gas,
and nuclear generation, is that electricity grids are losing the conventional power plants
whose rotating masses created ‘inertia’ that have traditionally helped smooth over glitches
in grid voltage and frequency. Figure 17 shows that ‘Inertia Response’ occur shortly after an
incident (between 0.5 and 50 seconds). Wind and PV resources deliver power via electronic
power converters and do not provide traditional ‘inertia’. A shortage of ‘inertia’ could result
in:
1) Deeper, faster frequency excursions for system disturbances
2) Increased risk of under‐frequency load shedding and cascading outages
One solution is to keep old generators spinning in sync with the grid, even as the steam and
gas turbines that once drove them are mothballed. Another approach is to install
capacitors17. System operators are also incorporating ‘synthetic inertia’ from wind
generators into their reserve provisions to replace traditional; inertia providers.
It is beyond the scope of this report to discuss the characteristics of ‘synthetic inertia’ in
detail. But basically, the concept of synthetic inertia is to control the power converters like
they have rotating mass. This simulates (but does not replicate in full) the natural response
of the synchronous machines.
In the case of variable speed wind turbines, the kinetic energy in the rotating blades can be
extracted via electronic controllers through torque increase. This will slow the rotation of
the blades but the extra power will be available for a period of 1 to 10 seconds which is
comparable to the synchronous generations.
Solar PV do not have any rotating devices which could be used to deliver inertia response.
However, energy storage capacity, either as part of a PV installation or as a free-standing
facility, can be used to provide synthetic inertia.
One of the advantages of synthetic inertia is that it is highly flexible, allowing controls to be
customized to the maximum the benefit of the grid. Conventional inertia from synchronous
machines is not controllable. A disadvantage of synthetic inertia is that its performance is a
function of wind and other conditions which are not perfectly deterministic like synchronous
machine inertial response. However, statistical techniques can be used to ensure that
sufficient synthetic inertia is available during all times.
Careful design of the control parameters is required to ensure that not too much power is
extracted from the wind turbines during a call for inertia response. The reason is that a wind
turbine needs to re-accelerate to optimal speed after an inertia response. This absorbs some
of the wind power that the turbine can export to the grid. The time to reach full output
17

Xia, S., Zhang, Q. Hussain, S.T. Hong, B. Zou, Q. Impacts of Integration of Wind Farms on Power System
Transient Stability. Appl. Sci. 2018, 8, 1289.
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depends on how much power was extracted. If it takes too long a power shortage may
develop after the initial inertia response. To prevent a double frequency dip some System
Operators are now limiting the power reduction during recovery to no more than 20 percent
of a wind turbine’s capacity.
It is also interesting to note that largescale tests have successfully been
conducted to demonstrate that wind
generators are able to provide reliable
operating reserves18. This is an
important observation in view of
large-scale deployment of wind
power.

Although the mentioned technical issues may seem
complex and expensive to resolve, many
commentators have observed that early concerns
about how difficult integrating renewables might
be in terms of managing this additional need for
flexibility were largely overstated, as power
systems around the world have since easily
accommodated much higher amounts of
renewables than first anticipated.

The important point from the above
discussion is to highlight that modern
wind generators are able to provide fast‐frequency response during the initial stages of a
significant downward frequency event. Synthetic inertia is achieved by reprogramming
power inverters attached to wind turbines so that they emulate the behaviour of
synchronized spinning following an incident. Fundamental physical differences in wind
generators mean that inertial behaviour is not identical to synchronous machines.
Another important point to note is that System Operators are updating grid codes to require
Fast Frequency Response capabilities. The papers referenced in the footnotes provide a
more detailed assessment on the use of ‘synthetic Inertia’.1920
Although the above technical issues may seem complex and expensive to resolve, many
commentators have observed that early concerns about how difficult integrating renewables
might be in terms of managing this additional need for flexibility, were largely overstated, as
power systems around the world have since easily accommodated much higher amounts of
renewables than first anticipated.21
For example, the Vice President of Operations Bruce Rew of the RTO Southwest Power Pool
recently stated,
“ten years ago, we thought hitting even a 25 percent wind-penetration level would be
extremely challenging, and any more than that would pose serious threats to
reliability… Since then, we’ve gained experience and implemented new policies and
procedures. Now we have the ability to reliably manage greater than 50 percent wind
penetration. It’s not even our ceiling. We continue to study even higher levels of
renewable, variable generation as part of our plans to maintain a reliable and
economic grid of the future.”22

18

http://www.uni-kassel.de/upress/online/frei/978-3-86219-022-5.volltext.frei.pdf
https://www.mro.net/MRODocuments/Synthetic%20Inertia%20from%20Wind%20Turbine%20Generation,
%20Randy%20Voges.pdf
20
https://spectrum.ieee.org/energywise/energy/renewables/can-synthetic-inertia-stabilize-power-grids
21
Electricity Ancillary Services Primer. August 2017. Reishus Consulting LLC
22
SPP news release, February 17, 2017. https://www.spp.org/about-us/newsroom/spp-sets-north-americanrecord-for-wind-power/
19
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Transmission
The national transmission grid in South Africa has been developed to transmit bulk electricity
from mostly centralized generation to electricity consumers in load centres across the
country. In some instances, long distances separate the generation from the load centres; an
example would be those load centres located along the coast. These extended transmission
lines result in: (i) substantial losses; (ii) increased expenditure on reinforcement and
replacement costs as well as (iii) increased operating and maintenance costs.
Over the past few years a significant amount of decentralised generation, in the form of wind
and PV renewable energy source, have been connected to the grid by IPPs. The connection
of decentralised generation, especially in those load centres that are remote from the
traditional generation, has the potential of impacting the operation and planning of the
connecting transmission grids.
From an economic perspective, some of the potential benefits that the installation of
decentralised, renewable generation sources may have on the Eskom Transmission Grid are:
1) Reduction in peak power requirements.
2) Deferred transmission capacity upgrade costs – any reduction in peak power
requirements as noted above may provide benefits to Eskom in the form of deferred
transmission capacity addition and upgrading costs.
3) Savings in transmission losses as result of how the generation might reshape load
demand profiles.
4) Possible system reliability improvement - increased operating reserves, grid support
during critical outage events, and provision of emergency power supplies.
Deferring Transmission Investments
Many of the key points regarding the impact of DG in deferring network investment costs
including de-congestion and peak demand reduction, have been noted in section 10.1.2.
From a quantitative perspective, the cost savings that could be realised by deferring
transmission capacity investments, depend on a number of factors, including:
1) The size and timing, of affected planned transmission reinforcement projects
2) The combined capacity and technology mix of the planned DG RE projects.
3) Geographic location of the decentralised generation.
A generalized statement regarding the impact on the Eskom transmission system is not
possible, because each generation scenario’s impact on the grid has to be studied on a caseby-case basis. However, from a qualitative perspective, the following can be noted:
1) At lower DG PV penetration levels, the impact of decentralised, Wind and PV
generation on transmission system operation tends to be local. It is only when the
production from these sources reaches sufficiently high levels that they materially
influence the power flow patterns in the transmission system.
2) In the long term, transmission grids must be maintained, replaced, and expanded to
meet growth in load demand. Therefore, in the long-term higher levels of DG RE
production during peak demand periods will contribute to a reduction in the cost of
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transmission. The value of offsets to transmission capacity investments could be
quantified through specific studies.
3) The purpose of transmission systems is not only to supply power to load centres but
also to control the delivery of that power, i.e. voltage regulation, stability, etc. At
higher levels of DG RE penetration, additional components may have to be added to
the grid to control power quality. The cost of these components may reduce some of
the benefits derived from deferred capacity.
4) Up to the current stage of renewable generation development, sufficient sites with
good resource capacities and relatively easy access to existing transmission
infrastructure have been available. The connection of more renewable generation
may require significant investment in new electrical infrastructure, which may reduce
some of the benefits of deferred capacity.
The decision to defer transmission network investments must be supported by sound
technical and economic analysis. As mentioned elsewhere in this report, the potential
benefits offered by new DG RE and energy storage technologies can only be unlocked
through proper planning and operations.
For example, when variable generation technologies and energy storage devices are included
in system planning, new statistical methods and techniques are required to forecast the
generation output under different confidence levels. Currently, many system planners tend
to manually set the output level of variable Renewable Energy sources when performing
system studies.
The concern is that if transmission planners adopt a conservative approach to the integration
of variable RE output levels, the value of these resources will be understated. Similarly, if the
output of these resources is overestimated it may result in supply shortages. It is therefore
important that planning methodologies are updated using appropriate tools and techniques.
See section 10.4.3 for a quantification of the potential benefits of Deferred Transmission
Investments.
Transmission Loss Reduction
When electrical current flows through a transmission line or transformer, some of that
energy is lost in the form of heat, i.e. there is a loss of energy. DG resources which are located
near loads will generally reduce power flow and thus losses in the system. The benefit in
terms of reduced energy losses on the system is influenced by a number of factors:
1) Loss reductions are location specific. The extent to which energy losses are reduced
depends on the relative location of the loads and DG facilities as well as the
characteristics of the equipment and components that connect them.
2) Energy losses are a function of the power flows on the system. A more heavily-loaded
system will require greater power flows resulting in higher temperature, which in
turn increases the system resistance and increases the total energy losses.
From a quantitative point of view, connection of DG RE sources in the metros should result
in a saving in system energy losses at the Eskom transmission level. Because of the physical
layout of South Africa’s transmission network, the savings per MW unit of generation
installed, will be greater for generation placed in the City of Cape Town and Nelson Mandela
Bay areas. These metros are supplied by radial transmission systems stretching over long
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distances (high resistance), whereas the grids supplying the Gauteng area are more
interconnected via a greater number of lines that are shorter in length which reduces
resistance and therefore losses.
See section 10.4.3 for a quantification of the potential benefits of Transmission Loss
Reduction.
Indicative Economic Benefits from Deferred Transmission
Investments and Savings in Losses
In this section the reports provide some high-level indicative values for the economic
benefits that could be realised in terms of deferred transmission infrastructure investments
and savings in transmission system losses, as a result of DG capacity deployment. A detailed
analysis of these benefits is beyond the scope if this phase of the project. The approach and
assumptions that underpin the analysis in this report are described below.
1) The analysis is based on information obtained from the latest version of Eskom’s
Transmission Development Plan (TDP) as described in the document “20182027TDP_PubForumPresentationOct2017rev3.pdf”, dated 19 October 2017, which is
available for download from Eskom’s website. The TDP describes Eskom’s planned
transmission projects in the various provinces over the period 2017 – 2027. In
addition, it also provided useful information on forecast load demand and renewable
generation connection that was used for the analysis.
2) For each of the metros in question, the proposed 20 MW and 50 MW renewable
generation options were evaluated, i.e.
a) 20 MW added each year – 2019 to 2028 (200 MW in total)
b) 50 MW added each – 2019 to 2028 (500 MW in total)
3) It was assumed that the reduction in peak load demand as ‘seen’ by the transmission
system as a result of the connection of renewable generation will be 30% - 40% of
the installed renewable capacity. Sensitivity analysis, as indicated, was therefore
done on for this parameter.
4) High-level cost estimates were prepared for the affected transmission projects, based
on the Consultant’s experience working on similar projects in the past.
5) A real discount rate of 6% was used to calculate present over a 20-year horizon.
6) To evaluate the effect on transmission system losses, appropriate loss sensitivity
figures were used to assess the change (saving) in losses.
10.4.3.1

City of Cape Town

At the local transmission level, the TDP lists two, future 400 kV line projects. These projects
are required to increase system security, especially when major transmission lines are taken
out of service for maintenance. These projects will not be affected by the introduction of
renewable energy generation in the area.
At the back-bone transmission level, Eskom has completed the first 765 kV line that forms
part of the planned two-line 765 kV transmission system into the Western Cape area. This
line has substantially increased the power transfer capacity of the transmission system.
According to the TDP, to date, approximately 500 MW of renewable generation has been
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connected in the Western Cape area. Furthermore, the forecast annual load growth
percentage for the Cape Province is 1.5%.
The above factors mean that the next phase of reinforcement of the Cape transmission
system will, in all probability, only be required beyond 2030. The estimated present value
savings as a result of potentially deferred transmission infrastructure investments are:
20 MW-option :

R130m – R160m

50 MW-option:

R200m – R300m

The effect on marginal transmission system losses as result of the injection of the different
levels of renewable generation in the Cape metropolitan area is depicted in the figure below.
Figure 18: Estimated Marginal Transmission Loss Savings - Cape Town Metro
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From the above figure it is interesting to note that:
1) Transmission loss savings for a 200MW RE plant is estimated at 17MW or 8.5%.
2) Transmission loss savings for a 500MW RE plant is estimated at 38MW or 7.6%.
The above estimated marginal losses are higher than the assumed average loss factor of
4.13% for a load in the Western Cape as shown in Table 10 of the Assumptions section. This
indicates that the loss savings presented in the Section 11 is understated and therefore
conservative.
10.4.3.2

Nelson Mandela Bay

At the local transmission level, there are capacity augmentation projects listed in the TDP for
Grassridge and Dedisa 400/132 kV Substations. These projects could potentially be deferred
by connection of renewable generation in the area. The TDP anticipates upstream
reinforcements through the construction of two 765 kV lines from Gamma Substation to the
future Grassridge 765 kV Substation. Renewable generation could also impact on planned
transmission projects north of Hydra 765/400 kV Substation. The estimated present value
savings as a result of potential deferred transmission projects are:
20 MW-option :
17 January 2019
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50 MW-option:

R120m – R170m

The effect on marginal transmission losses as a result of the connection of renewable
generation in the Nelson Mandela Bay area is shown in the figure below.
Figure 19: Estimated Marginal Transmission Losses Savings – Nelson Mandela Bay
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From the above it is noted that:
1) Transmission loss savings for a 200MW RE plant is estimated at 15MW or 7.5%.
2) Transmission loss savings for a 500MW RE plant is estimated at 31MW or 6.2%.
The above estimated marginal losses are higher than the assumed average loss factor of
3.1% for a load in the Nelson Mandela Bay area as shown in Table 10 of the Assumptions
section. This indicates that the loss savings presented in the Section 11 is understated and
therefore conservative.
10.4.3.3

Greater Johannesburg Area

The TDP includes a number of new 400 kV and 275 kV substations in this area. These are new
load substations that are, for the most part, integrated into the transmission system by
looping existing transmission lines in and out of the substations; this requires the
construction of several new 400 kV and 275 kV transmission line sections.
Under the 20 MW option, the renewable generation capacity is too small to materially offset
the forecast annual increase in load demand (the forecast growth in load demand is 2.8%
per annum) in the area. This option therefore shows no material benefit in terms of deferred
transmission infrastructure investments. The 50 MW option has some potential to affect the
timing of planned transmission projects. The estimated present value savings are
20 MW-option :

0

50 MW-option:

R160m – R230m

The effect on marginal transmission losses as a result of the connection of renewable
generation in the Johannesburg area is shown in the figure below.
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Figure 20: Estimated Marginal Transmission Loss Savings – Johannesburg Metro
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From the above it can be noted that:
1) Transmission loss savings for a 200MW RE plant is estimated at 6MW or 3.0%.
2) Transmission loss savings for a 500MW RE plant is estimated at 13MW or 2.6%.
The above estimated marginal losses are higher than the assumed average loss factor of
1.07% for a load in the greater Johannesburg area as shown in Table 10 of the Assumptions
section. This indicates that the loss savings presented in the Section 11 is understated and
therefore conservative.
10.4.3.4

Tshwane Metropolitan Area

Only three transmission reinforcement projects are listed for this area in the TDP. All three
of these projects involve the establishment and integration of new load substations. The
estimated present value savings as a result of potentially deferred transmission
infrastructure investments are:
20 MW-option :

R30m – R50m

50 MW-option:

R80m – R100m

The effect on marginal transmission losses as a result of the connection of renewable
generation in the Tshwane Metropolitan area is shown in the figure below.
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Figure 21: Estimated Marginal Transmission Losses Savings – City of Tshwane

From the above it can be noted that:
1) Transmission loss savings for a 200MW RE plant is estimated at 3MW or 1.5%.
2) Transmission loss savings for a 500MW RE plant is estimated at 7MW or 1.4%.
The above estimated marginal losses are only slightly higher than the assumed average loss
factor of 1.07% for a load in the City of Tshwane area as shown in Table 10 of the
Assumptions section. This indicates that the loss savings presented in the Section 11 is
fairly representative of the expected loss savings.
Conclusions
The high-level analysis presented
The high-level analyses presented shows that there
shows that there are considerable
are considerable potential savings from transmission
potential savings from transmission
investment deferral if DG RE capacity are introduced
investment deferral if DG RE capacity
for all five identified metropolitan areas.
is introduced into all five identified
metropolitan areas. The figure below summarises the potential savings for each DG RE
scenario (20 MW and 50 MW) for each of the municipalities. It should be noted that these
savings do not apply to Scenario 4 which is based on the wheeling of power from outside the
Munic.
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Figure 22: Potential Savings from Transmission Investment Deferrals

The next figure shows the high-level estimates
savings in marginal transmission losses as a result
of the DG RE scenarios.

The results also indicate that the expected
marginal transmission line loss savings
from the assumed DG RE capacities are
noticeably higher, except for the Tshwane
area, than the assumed average losses for
Eskom’s transmission load zone.

The results also indicate that the expected
marginal transmission line loss savings from the
assumed DG RE capacities are noticeably higher,
except for the Tshwane area, than the assumed
average losses for Eskom’s transmission load zone. This indicates that the loss savings
calculated and presented in Section 10 (under the Commercial Impact analysis) is
understated and therefore conservative.
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Figure 23: Comparison of Potential Transmission Line Loss Savings

Generation
In section 10.1.9 it was noted that high levels of wind and solar penetration will affect the
shape of South Africa’s daily load profiles. The shape of the daily and annual load profiles is
important for long-term generation expansion planning and near-term production
scheduling.
Assuming that DG RE will play a much bigger role in South Africa’s future energy mix, it is
anticipated that more flexible generators (including energy storage systems) will be required
to deal not only with customer load variations, but also with variability in the output from
DG RE plant. These changes will also influence what generation technology choices South
Africa should make to be able to balance supply and demand. It is clear that more flexible
and fast response generating units will become more valuable.
Already the draft IRP 2018 is pointing to the need for flexible gas-fired generators while the
need for large base-load plant is giving way to low cost RE sources. It is further anticipated
that the next revision of the IRP will embrace energy storage systems to take advantage of
the benefits that this new technology would unlock. It is worth pointing out that APV’s own
generation expansion modelling have shown that the introduction of energy storage at local
and national level will increase the need for low cost wind and solar even further because of
its ability to absorb excess energy and to time-shift it to periods when it is needed. See
section 10.2 for a more detailed discussion on the potential benefits of energy storage
systems.
The increased production from DG RE sources will also impact on Eskom’s fuel procurement
strategies and costs. It is expected that Eskom’s need for coal will decrease over time, thus
making a substantial contribution towards the reduction in harmful emissions.
It is clear that South Africa will have to develop new planning tools and techniques in order
to successfully deal with the array of new supply and demand options available to balance
the system in the short, medium and long term.
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11

Impact on Commercials
Background

As discussed in section 8.2 Assumptions, there are four scenarios (plus sub-scenarios) per
Munic. In general, the guidelines for each scenario are:
1) Scenario 1: All DG capacity is Captive i.e. the generator is co-located with the
customer and generation takes place “behind the meter”. Energy produced by the
DG capacity will therefore reduce electricity consumed from the municipality and in
turn the Munic will reduce its electricity purchases from Eskom. In this instance it is
assumed there are no wheeling charges. The different impacts are summarised
below:
a. Impact on Customer: The Customer will purchase less (i.e. offset) energy from
the Munic and will therefore experience a reduction in the electricity purchase
cost from the Munic. However, the Customer must pay the DG for energy
delivered. No wheeling charges will apply.
b. Impact on Munic: The Munic’s revenue will decrease because the Customer is
offsetting its energy purchases. At the same time the Munic will purchase less
(offset) energy from Eskom and will therefore see a decrease in energy purchases
cost from Eskom. No wheeling charges will apply
c. Impact on Eskom: Eskom will experience a decrease in revenue due to offsetting
by the Munic. The lower sales will also reduce Eskom’s production costs. No
wheeling charges will apply.
2) Scenario 2: All DG is Embedded i.e. connected to the Munic’s distribution network.
There are now two potential customers for the IPPs power – either a consumer or
the Munic. If the power is sold to the Customer, then the Munic will rebate the
Customer for energy wheeled but, in this instance, the Munic will apply wheeling
charges. The IPP will charge the customer for energy delivered. If the power is sold
to the Munic then there are no wheeling charges – the Munic takes the power at the
IPP’s busbar. Regardless of who buys the power the IPPs output will offset energy
purchases from Eskom. Total installed capacity for DG RE is 200MW in 2028/2029.
3) Scenario 3: As for Scenario 2, however the total installed capacity for DG RE is 500MW
in 2028/2029. The exception is Nelson Mandela Bay where it is assumed that the DG
RE capacity will be capped at 200 MW to potentially avoid significant local network
strengthening.
4) Scenario 4: 100MW of Embedded DG RE and 400MW of National DG RE The national
DG is wheeled from outside of the Munic i.e. across Eskom’s network. The different
impacts are discussed below. Wheeling charges will now include the costs of both
Eskom and the Munics network in the event that national power is sold to customers.
Munics will only pay Eskom’s wheeling charges if they buy National DG RE.
a. Impact on Customer: If the customer buys the energy from the DG (embedded
and national), the Munic will rebate the customer for energy wheeled but the
Munic will apply a wheeling charge for facilitating the transaction over its
network. The Munic will also pass on the wheeling charges from Eskom for the
energy wheeled over Eskom’s network. In addition, the customer will pay the DG
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for energy delivered. If the Customer does not buy energy from the DG then
there will be no impact on the Customer.
b. Impact on Munic: If the Customer buys the DG’s energy then the Munic’s revenue
will decrease by the rebate amount to the Customer but it will increase with the
Munic’s as well as Eskom’s wheeling charges. At the same time the Munic’s
purchases from Eskom will decrease for the energy delivered by the embedded
DG. In addition, Eskom will rebate the Munic and raise wheeling charges for
national DG energy wheeled across its network. If the Munic is the purchaser of
the DG energy, then the Munic’s revenue will be unaffected but its cost will be
impacted. Firstly, the Munic’s purchases from Eskom will decrease for the energy
delivered by the embedded DG. Secondly, Eskom will rebate the Munic and raise
wheeling charges for the national DG energy wheeled across its network. Thirdly,
the Munic will pay the DG for energy delivered.
c. Impact on Eskom: Eskom will experience a decrease in revenue due to a
reduction in purchases by the Munic for the embedded DG portion. Eskom’s
revenue will decrease further with the rebate to the Munic for the energy from
the national DG wheeled across its network. At the same time Eskom’s revenue
will increase with the wheeling charges that will apply to the national DG energy.
The lower Eskom sales caused by the DG will also reduce Eskom’s production
costs.
Annexure B shows how the above approach was used to calculate the impact on each of the
stakeholders. It also forms the basis of the MS Excel spreadsheet model that was developed
to assist with determining the commercial impact.
The scenarios and the key results of the commercial impact analysis are presented
hereunder. These results have also been used in assessing the potential impact on the fiscus
as well as local economic development.

City of Cape Town
DG RE Capacity
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Scenario 1
11.2.2.1

S1ai: Moderate DG Capacity/ Low Tariff Increase/ BTM/ Customer
Offtake

Figure 24: Results for CoCT – S1ai

11.2.2.2

S1aii: Moderate DG Capacity/ High Tariff Increase/ BTM/ Customer
Offtake

Figure 25: Results for CoCT – S1aii

From the figures above, the following can be observed:
1) BTM DG RE results in a net positive impact on Customers for both the low and high
price path scenarios.
2) The CoT experiences a negative net impact due to the loss in margin on energy sales
to the customer.
3) The transactions have a relatively small negative impact under Eskom(MegaFlex) 23.
The loss is caused by a reduction in maximum demand sales and revenues as a result
of the assumption that wind production will partly offset demand charges during
peak demand hours.

23

Under Eskom(MegaFlex) if it is assumed that Eskom’s marginal cost of production is equal to the MegaFlex
energy rates.
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4) Under Eskom(variable) 24 cost assumption the utility will benefit by not having to
produce electricity at the high marginal cost rate.
5) No electricity is wheeled so no wheeling charges are raised.
6) The customer’s total cost of electricity is between 124 and 136 c/kWh of which
approximately 40 to 50 c/kWh is for utility services. The rest is paid to the IPP for
energy delivered.
Scenario 2
11.2.3.1

S2ai: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 26: Results for CoCT – S2ai

11.2.3.2

S2aii: Moderate DG Capacity/ High Tariff Increase/ Embedded/
Customer Offtake/ Wheeling Charge

Figure 27: Results for CoCT – S2aii

24

Under Eskom(variable) it is assumed that Eskom’s marginal cost of production is currently 161 c/kWh and
that it will reduce to the MegaFlex energy rates over a four-year period.
17 January 2019

Confidential

Page 50

SAWEA - Decentralised Generation Study (final)

11.2.3.3

S2bi: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Munic
Offtake

Figure 28: Results for CoCT – S2bi

11.2.3.4

S2bii: Moderate DG Capacity/ High Tariff Increase/ Embedded/ Munic
Offtake

Figure 29: Results for CoCT – S2bii

From the figures above, the following can be observed:
1) There is a positive net benefit to the customers under Scenarios S2ai and S2aii. The
reason is that the customer pays less for electricity from the IPP than from the Munic.
It is noted that the benefit under S2aii (high tariff scenario) is significantly bigger
because of the higher assumed tariffs from Eskom and the Munic.
2) There is no net impact on the customer under Scenarios S2bi and S2bii because the
customer buys all its power from the Munic.
3) The Munic realises a net benefit under all four scenarios. This is a big improvement
over the net losses suffered under Scenario 1. This turn-around is due to:
a. Wheeling charges (of between 30 and 40 c/kWh) that the Munic recover from
the customer under scenarios S2ai and S2aii and
b. Munic buys electricity for less from the IPP than from Eskom under S2bi and
S2bii.
4) Eskom’s ne impact positions remains the same as in Scenario 1.
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5) The customer pays substantially more for electricity under scenarios S2bi and S2bii
due to the fact that the customer cannot escape the projected tariff increases.
6) The customer pays approximately 120 - 150 c/kWh to the Munic for network services
under Scenarios S2ai and S2aii.
Scenario 3
11.2.4.1

S3ai: High DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 30: Results for CoCT – S3ai

11.2.4.2

S3aii: High DG Capacity/ High Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 31: Results for CoCT – S3aii
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11.2.4.3

S3bi: High DG Capacity/ Low Tariff Increase/ Embedded/ Munic Offtake/
No Wheeling Charge

Figure 32: Results for CoCT – S3bi

11.2.4.4

S3bii: High DGCapacity/ High Tariff Increase/ Embedded/ Munic Offtake/
No Wheeling Charge

Figure 33: Results for CoCT – S3bii

From the figures above, the following can be observed:
1) The structure or shape of the results is the same as for Scenario 2; however, as the
amount of DG capacity has now increased from 200MW to 500MW, the net impact
has increased proportionally
2) There is a positive net benefit to the customers under Scenarios S3ai and S3aii. The
reason is that the customer pays less for electricity from the IPP than from the Munic.
It is noted that the benefit under S3aii (high tariff scenario) is significantly bigger
because of the higher assumed tariffs from Eskom and the Munic.
3) There is no net impact on the customer under Scenarios S3bi and S3bii because the
customer buys all its power from the Munic.
4) The Munic realises a net benefit under all four scenarios. This is due to:
a. Wheeling charges (of between 30 and 40 c/kWh) that the Munic recover from
the customer under scenarios S3ai and S3aii and
b. Munic saves electricity purchases costs by buy electricity for less from the IPP
than from Eskom under S3bi and S3bii.
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5) Eskom’s net impact positions remain the same as in Scenario 1.
6) The customer pays substantially more for electricity under scenarios S3bi and S3bii
due to the fact that the customer cannot escape the projected tariff increases.
7) The customer contributes approximately 70 - 100 c/kWh to the Munic for network
services under Scenarios S3ai and S3aii.
Scenario 4
11.2.5.1

S4ai: High DG Capacity/ Low Tariff Increase/ Embed + National/
Customer Offtake/ Commercial Wheeling Charge

Figure 34: Results for CoCT – S4ai

11.2.5.2

S4aii: High DG Capacity/ High Tariff Increase/ Embed + National /
Customer Offtake/ Commercial Wheeling Charge

Figure 35: Results for CoCT – S4aii
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11.2.5.3

S4bi: High DG Capacity/ Low Tariff Increase/ Embed + National / Munic
Offtake

Figure 36: Results for CoCT – S4bi

11.2.5.4

S4bii: High DG Capacity High Tariff Increase/ Embed + National / Munic
Offtake

Figure 37: Results for CoCT – S4bii

From the figures above, the following can be observed:
1) There is a positive net benefit to the customers under Scenarios S4ai and S4aii. The
reason is that the customer pays less for electricity from the IPP than from the Munic.
It is noted that the benefit under S4aii (high tariff scenario) is significantly bigger
because of the higher assumed tariffs from Eskom and the Munic.
2) There is no net impact on the customer under Scenarios S4bi and S4bii because the
customer buys all its power from the Munic.
3) The Munic realises a net benefit under all four scenarios. The reasons for this are:
a. Wheeling charges (of between 40 and 50 c/kWh) that the Munic recover from
the customer under scenarios S4ai and S4aii and
b. Munic saves by buying electricity for less from the IPP than from Eskom under
Scenarios S4bi and S4bii.
4) Eskom’s net impact positions improve over that of Scenarios 1, 2 and 3. The reason
is that Eskom collects wheeling charges of between 10 – 12 c/kWh for electricity
wheeled over its network.
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5) The customer pays substantially more for electricity under scenarios S4bi and S4bii
due to the fact that the customer cannot escape the projected tariff increases.
6) The customer pays approximately 100 - 130 c/kWh to the Munic for network services
under Scenarios S4ai and S4aii.
Important to note that all stakeholders benefit from Scenario 4 if wheeling charges are
factored into the calculations.
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Nelson Mandela Bay
DG RE Capacity

Scenario 1
11.3.2.1

S1ai: Moderate DG Capacity/ Low Tariff Increase/ BTM/ Customer
Offtake

Figure 38: Results for NMB – S1ai

17 January 2019

Confidential

Page 57

SAWEA - Decentralised Generation Study (final)

11.3.2.2

S1aii: Moderate DG Capacity/ High Tariff Increase/ BTM/ Customer
Offtake

Figure 39: Results for NMB – S1aii

From the figures above, the following can be observed:
1) BTM DG RE results in a net positive impact on Customers for both the low and high
price path scenarios.
2) The Munic experiences a negative net impact due to the loss in margin on energy
sales to the customer.
3) The transactions have a relatively small negative impact for Eskom(MegaFlex)23
production cost assumptions. The loss is caused by a reduction in maximum demand
sales and revenues as a result of the assumption that wind production will partly
offset demand charges during peak demand hours.
4) Under Eskom(variable)24 production cost assumption the utility will benefit by not
having to produce electricity at the high marginal cost rate.
5) No electricity is wheeled so no wheeling charges are raised.
6) The customer’s total cost of electricity is between 116 and 127 c/kWh of which
approximately 30 to 50 c/kWh is for utility services. The rest is paid to the IPP for
energy delivered.
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Scenario 2
11.3.3.1

S2ai: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 40: Results for NMB – S2ai

11.3.3.2

S2aii: Moderate DG Capacity/ High Tariff Increase/ Embedded/
Customer Offtake/ Wheeling Charge

Figure 41: Results for NMB – S2aii

11.3.3.3

S2bi: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Munic
Offtake

Figure 42: Results for NMB – S2bi
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11.3.3.4

S2bii: Moderate DG Capacity/ High Tariff Increase/ Embedded/ Munic
Offtake

Figure 43: Results for NMB – S2bii

From the figures above, the following can be observed:
1) There is a positive net benefit to the customer under Scenarios S2ai and S2aii. The
benefit under S2aii (high tariff scenario) is significantly bigger because the customer
avoids paying the higher charges by buying low cost power directly from the IPP.
2) There is no impact on the customer under Scenarios S2bi and S2bii because the
customer buys all its power from the Munic. However, the customer pays more for
electricity under these two scenarios.
3) The Munic realises a net benefit under all four scenarios. This is a big improvement
over the net losses suffered under Scenario 1. This turn-around is due to:
a. The wheeling charges (of between 13 and 16 c/kWh) that the Munic recover from
the customer under scenarios S2ai and S2aii and
b. The fact that the Munic replaces Eskom purchases with low cost IPP purchases
under S2bi and S2bii.
4) Eskom’s position remains the same as in Scenario 1.
5) The customer pays substantially more for electricity under scenarios S2bi and S2bii
due to the fact that the customer cannot escape the anticipated tariff increases.
6) The customer pays approximately 60 - 80 c/kWh to the Munic for network services
when buying directly from the IPP.
Scenario 3
It was assumed that the NMB network will not be able to integrate more than 200MW of DG
RE without significant network strengthening. The results for Scenario 3 is therefore the
same as for Scenario 2.
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Scenario 4
11.3.5.1

S4ai: High DG Capacity/ Low Tariff Increase/ Embed + National/
Customer Offtake/ Commercial Wheeling Charge

Figure 44: Results for NMB – S4ai

11.3.5.2

S4aii: High DG Capacity/ High Tariff Increase/ Embed + National /
Customer Offtake/ Commercial Wheeling Charge

Figure 45: Results for NMB – S4aii

11.3.5.3

S4bi: High DG Capacity/ Low Tariff Increase/ Embed + National / Munic
Offtake

Figure 46: Results for NMB – S4bi
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11.3.5.4

S4bii: High DG Capacity High Tariff Increase/ Embed + National / Munic
Offtake

Figure 47: Results for NMB – S4bii

From the figures above, the following can be observed:
1) There is a positive net benefit to the customers under Scenarios S4ai and S4aii. The
reason is that the customer pays less for electricity from the IPP than from the Munic.
It is noted that the benefit under S4aii (high tariff scenario) is significantly bigger
because of the higher assumed tariffs from Eskom and the Munic.
2) There is no net impact on the customer under Scenarios S4bi and S4bii because the
customer buys all its power from the Munic.
3) The Munic realises a net benefit under all four scenarios. The reasons for this are:
a. Wheeling charges (of between 20 and 30 c/kWh) that the Munic recover from
the customer under scenarios S4ai and S4aii and
b. Munic saves by buying electricity for less from the IPP than from Eskom under
Scenarios S4bi and S4bii.
4) Eskom’s net impact positions improve over that of Scenarios 1, 2 and 3. The reason
is that Eskom collects wheeling charges of between 8 – 12 c/kWh for electricity
wheeled over its network.
5) The customer pays substantially more for electricity under scenarios S4bi and S4bii
due to the fact that the customer cannot escape the projected tariff increases.
6) The customer pays approximately 80 - 100 c/kWh to the Munic for network services
under Scenarios S4ai and S4aii.
Important to note that all stakeholders benefit from Scenario 4 if wheeling charges are
factored into the calculations.

17 January 2019

Confidential

Page 62

SAWEA - Decentralised Generation Study (final)

City of Ekurhuleni
DG RE Capacity

Scenario 1
11.4.2.1

S1ai: Moderate DG Capacity/ Low Tariff Increase/ BTM/ Customer
Offtake

Figure 48: Results for CoE – S1ai

17 January 2019

Confidential

Page 63

SAWEA - Decentralised Generation Study (final)

11.4.2.2

S1aii: Moderate DG Capacity/ High Tariff Increase/ BTM/ Customer
Offtake

Figure 49: Results for CoE – S1aii

From the figures above, the following can be observed:
1) BTM DG RE results in a net positive impact on Customers for both the low and high
price path scenarios.
2) The Munic experiences a negative net impact due to the loss in margin on energy
sales to the customer.
3) The transactions have a relatively small negative impact under Eskom(MegaFlex)23.
The loss is caused by a reduction in maximum demand sales and revenues as a result
of the assumption that wind production will partly offset demand charges during
peak demand hours.
4) Under Eskom(variable)24 cost assumption the utility will benefit by not having to
produce electricity at the high marginal cost rate.
5) No electricity is wheeled so no wheeling charges are raised.
6) The customer’s total cost of electricity is between 154 and 174 c/kWh of which
approximately 60 to 80 c/kWh is for utility services. The rest is paid to the IPP for
energy delivered.
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Scenario 2
11.4.3.1

S2ai: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 50: Results for CoE – S2ai

11.4.3.2

S2aii: Moderate DG Capacity/ High Tariff Increase/ Embedded/
Customer Offtake/ Wheeling Charge

Figure 51: Results for CoE – S2aii

11.4.3.3

S2bi: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Munic
Offtake

Figure 52: Results for CoE – S2bi
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11.4.3.4

S2bii: Moderate DG Capacity/ High Tariff Increase/ Embedded/ Munic
Offtake

Figure 53: Results for CoE – S2bii

From the figures above, the following can be observed:
1) There is a negative impact on the customer under Scenarios S2ai (low tariff path).
The reason for this is that the customer can purchase electricity for less from the
Munic that what it can buy from the IPP.
2) There is a positive net impact on the customer under Scenario S2aii (high tariff path)
This because the customer pays less for electricity from the IPP than what it can buy
from the Munic even after paying wheeling charges.
3) There is no net impact on the customer under Scenarios S2bi and S2bii because the
customer buys all its power from the Munic.
4) The Munic realises a net benefit under all four scenarios. This is a big improvement
over the net losses suffered under Scenario 1. This turn-around is due to:
a. Wheeling charges (of between 30 and 35 c/kWh) that the Munic recover from
the customer under scenarios S2ai and S2aii and
b. Munic buys electricity for less from the IPP than from Eskom under S2bi and
S2bii.
5) Eskom’s ne impact positions remains the same as in Scenario 1.
6) The customer pays substantially more for electricity under scenarios S2bi and S2bii
due to the fact that the customer cannot escape the projected tariff increases.
7) The customer pays approximately 90 - 120 c/kWh to the Munic for network services
under Scenarios S2ai and S2aii.
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Scenario 3
11.4.4.1

S3ai: High DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 54: Results for CoE – S3ai

11.4.4.2

S3aii: High DG Capacity/ High Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 55: Results for CoE – S3aii

11.4.4.3

S3bi: High DG Capacity/ Low Tariff Increase/ Embedded/ Munic Offtake/
No Wheeling Charge

Figure 56: Results for CoE – S3bi

17 January 2019

Confidential

Page 67

SAWEA - Decentralised Generation Study (final)

11.4.4.4

S3bii: High DGCapacity/ High Tariff Increase/ Embedded/ Munic Offtake/
No Wheeling Charge

Figure 57 Results for CoE – S3bii

From the figures above, the following can be observed:
1) The structure or shape of the results is the same as for Scenario 2; however, as the
amount of DG capacity has now increased from 200MW to 500MW, the net impact
has increased proportionally
2) There is a negative impact on the customer under Scenarios S3ai (low tariff path).
The reason is that the customer can purchase electricity for less from the Munic that
from the IPP.
3) There is a positive net impact on the customer under Scenario S3aii (high tariff path)
This because the customer pays less for electricity from the IPP than what it can buy
from the Munic even after paying wheeling charges.
4) There is no net impact on the customer under Scenarios S3bi and S3bii because the
customer buys all its power from the Munic.
5) The Munic realises a net benefit under all four scenarios. This is due to:
a. Wheeling charges (of between 30 and 35 c/kWh) that the Munic recover from
the customer under scenarios S3ai and S3aii and
b. Munic saves electricity purchases costs by buy electricity for less from the IPP
than from Eskom under S3bi and S3bii.
6) Eskom’s net impact positions remain the same as in Scenario 1.
7) The customer pays substantially more for electricity under scenarios S3bi and S3bii
due to the fact that the customer cannot escape the projected tariff increases.
The customer pays approximately 90 - 130 c/kWh to the Munic for network services under
Scenarios S3ai and S3aii.
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Scenario 4
11.4.5.1

S4ai: High DG Capacity/ Low Tariff Increase/ Embed + National/
Customer Offtake/ Commercial Wheeling Charge

Figure 58: Results for CoE – S4ai

11.4.5.2

S4aii: High DG Capacity/ High Tariff Increase/ Embed + National /
Customer Offtake/ Commercial Wheeling Charge

Figure 59: Results for CoE – S4aii

11.4.5.3

S4bi: High DG Capacity/ Low Tariff Increase/ Embed + National / Munic
Offtake

Figure 60: Results for CoE – S4bi

17 January 2019

Confidential

Page 69

SAWEA - Decentralised Generation Study (final)

11.4.5.4

S4bii: High DG Capacity High Tariff Increase/ Embed + National / Munic
Offtake

Figure 61: Results for CoE – S4bii

From the figures above, the following can be observed:
1) There is a positive net benefit to the customers under Scenarios S4ai and S4aii. The
reason is that the customer pays less for electricity from the IPP than from the Munic.
It is noted that the benefit under S4aii (high tariff scenario) is significantly bigger
because of the higher assumed tariffs from Eskom and the Munic.
2) There is no net impact on the customer under Scenarios S4bi and S4bii because the
customer buys all its power from the Munic.
3) The Munic realises a net benefit under all four scenarios. The reasons for this are:
a. Wheeling charges (of between 35 and 45 c/kWh) that the Munic recover from
the customer under scenarios S4ai and S4aii and
b. Munic saves by buying electricity for less from the IPP than from Eskom under
Scenarios S4bi and S4bii.
4) Eskom’s net impact positions improve over that of Scenarios 1, 2 and 3. The reason
is that Eskom collects wheeling charges of between 7 – 10 c/kWh for electricity
wheeled over its network.
5) The customer pays substantially more for electricity under scenarios S4bi and S4bii
due to the fact that the customer cannot escape the projected tariff increases.
6) The customer pays approximately 80 - 120 c/kWh to the Munic for network services
under Scenarios S4ai and S4aii.
7) Important to note that all stakeholders benefit from Scenario 4 if wheeling charges
are factored into the calculations.
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City of Johannesburg
DG Re Capacity

Scenario 1
11.5.2.1

S1ai: Moderate DG Capacity/ Low Tariff Increase/ BTM/ Customer
Offtake

Figure 62: Results for CoJ – S1ai
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11.5.2.2

S1aii: Moderate DG Capacity/ High Tariff Increase/ BTM/ Customer
Offtake

Figure 63: Results for CoJ – S1aii

From the figures above, the following can be observed:
1) BTM DG RE results in a net positive impact on Customers for both the low and high
price path scenarios.
2) The Munic experiences a negative net impact due to the loss in margin on energy
sales to the customer.
3) The transactions have a relatively small negative impact under Eskom(MegaFlex)23.
The loss is caused by a reduction in maximum demand sales and revenues as a result
of the assumption that wind production will partly offset demand charges during
peak demand hours.
4) Under Eskom(variable)24 cost assumption the utility will benefit by not having to
produce electricity at the high marginal cost rate.
5) No electricity is wheeled so no wheeling charges are raised.
6) The customer’s total cost of electricity is between 195 and 222 c/kWh of which
approximately 100 to 130 c/kWh is for utility services. The rest is paid to the IPP for
energy delivered.

17 January 2019

Confidential

Page 72

SAWEA - Decentralised Generation Study (final)

Scenario 2
11.5.3.1

S2ai: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 64: Results for CoJ – S2ai

11.5.3.2

S2aii: Moderate DG Capacity/ High Tariff Increase/ Embedded/
Customer Offtake/ Wheeling Charge

Figure 65: Results for CoJ – S2aii

11.5.3.3

S2bi: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Munic
Offtake

Figure 66: Results for CoJ – S2bi
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11.5.3.4

S2bii: Moderate DG Capacity/ High Tariff Increase/ Embedded/ Munic
Offtake

Figure 67: Results for CoJ – S2bii

From the figures above, the following can be observed:
1) There is a negative impact on the customer under Scenarios S2ai (low tariff path).
The reason for this is that the customer can purchase electricity for less from the
Munic that what it can buy from the IPP.
2) There is a positive net impact on the customer under Scenario S2aii (high tariff path)
This because the customer pays less for electricity from the IPP than what it can buy
from the Munic even after paying wheeling charges.
3) There is no net impact on the customer under Scenarios S2bi and S2bii because the
customer buys all its power from the Munic.
4) The Munic realises a net benefit under all four scenarios. This is a big improvement
over the net losses suffered under Scenario 1. This turn-around is due to:
a. Wheeling charges (of between 30 and 40 c/kWh) that the Munic recover from
the customer under scenarios S2ai and S2aii and
b. Munic buys electricity for less from the IPP than from Eskom under S2bi and
S2bii.
5) Eskom’s ne impact positions remains the same as in Scenario 1.
6) The customer pays substantially more for electricity under scenarios S2bi and S2bii
due to the fact that the customer cannot escape the projected tariff increases.
7) The customer pays approximately 140 - 170 c/kWh to the Munic for network services
under Scenarios S2ai and S2aii.
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Scenario 3
11.5.4.1

S3ai: High DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 68: Results for CoJ – S3aii

11.5.4.2

S3aii: High DG Capacity/ High Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 69: Results for CoJ – S3aii

11.5.4.3

S3bi: High DG Capacity/ Low Tariff Increase/ Embedded/ Munic Offtake/
No Wheeling Charge

Figure 70: Results for CoJ – S3bi
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11.5.4.4

S3bii: High DG Capacity/ High Tariff Increase/ Embedded/ Munic Offtake/
No Wheeling Charge

Figure 71: Results for CoJ – S3bii

From the figures above, the following can be observed:
1) The structure or shape of the results is the same as for Scenario 2; however, as the
amount of DG capacity has now increased from 200MW to 500MW, the net impact
has increased proportionally
2) There is a negative impact on the customer under Scenarios S3ai (low tariff path).
The reason is that the customer can purchase electricity for less from the Munic that
from the IPP.
3) There is a positive net impact on the customer under Scenario S3aii (high tariff path)
This because the customer pays less for electricity from the IPP than what it can buy
from the Munic even after paying wheeling charges.
4) There is no net impact on the customer under Scenarios S3bi and S3bii because the
customer buys all its power from the Munic.
5) The Munic realises a net benefit under all four scenarios. This is due to:
a. Wheeling charges (of between 30 and 40 c/kWh) that the Munic recover from
the customer under scenarios S3ai and S3aii and
b. Munic saves electricity purchases costs by buy electricity for less from the IPP
than from Eskom under S3bi and S3bii.
6) Eskom’s net impact positions remain the same as in Scenario 1.
7) The customer pays substantially more for electricity under scenarios S3bi and S3bii
due to the fact that the customer cannot escape the projected tariff increases.
The customer pays approximately 150 - 180 c/kWh to the Munic for network services under
Scenarios S3ai and S3aii.
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Scenario 4
11.5.5.1

S4ai: High DG Capacity/ Low Tariff Increase/ Embed + National/
Customer Offtake/ Commercial Wheeling Charge

Figure 72: Results for CoJ – S4ai

11.5.5.2

S4aii: High DG Capacity/ High Tariff Increase/ Embed + National /
Customer Offtake/ Commercial Wheeling Charge

Figure 73: Results for CoJ – S4aii

11.5.5.3

S4bi: High DG Capacity/ Low Tariff Increase/ Embed + National / Munic
Offtake

Figure 74: Results for CoJ – S4bi
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11.5.5.4

S4bii: High DG Capacity High Tariff Increase/ Embed + National / Munic
Offtake

Figure 75: Results for CoJ – S4bii

From the figures above, the following can be observed:
1) There is a positive net benefit to the customers under Scenarios S4ai and S4aii. The
reason is that the customer pays less for electricity from the IPP than from the Munic.
It is noted that the benefit under S4aii (high tariff scenario) is significantly bigger
because of the higher assumed tariffs from Eskom and the Munic.
2) There is no net impact on the customer under Scenarios S4bi and S4bii because the
customer buys all its power from the Munic.
3) The Munic realises a net benefit under all four scenarios. The reasons for this are:
a. Wheeling charges (of between 40 and 50 c/kWh) that the Munic recover from
the customer under scenarios S4ai and S4aii and
b. Munic saves by buying electricity for less from the IPP than from Eskom under
Scenarios S4bi and S4bii.
4) Eskom’s net impact positions improve over that of Scenarios 1, 2 and 3. The reason
is that Eskom collects wheeling charges of between 7 – 10 c/kWh for electricity
wheeled over its network.
5) The customer pays substantially more for electricity under scenarios S4bi and S4bii
due to the fact that the customer cannot escape the projected tariff increases.
6) The customer pays approximately 130 - 160 c/kWh to the Munic for network services
under Scenarios S4ai and S4aii.
7) Important to note that all stakeholders benefit from Scenario 4 if wheeling charges
are factored into the calculations.
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City of Tshwane
DG RE Capacity

Scenario 1
11.6.2.1

S1ai: Moderate DG Capacity/ Low Tariff Increase/ BTM/ Customer
Offtake

Figure 76: Results for CoT – S1ai

11.6.2.2

S1aii: Moderate DG Capacity/ High Tariff Increase/ BTM/ Customer
Offtake

Figure 77: Results for CoT – S1aii
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From the figures above, the following can be observed:
1) BTM DG RE results in a net positive impact on Customers for both the low and high
price path scenarios.
2) The CoT experiences a negative net impact due to the loss in margin on energy sales
to the customer.
3) The transactions have a relatively small negative impact under Eskom(MegaFlex)23.
The loss is caused by a reduction in maximum demand sales and revenues as a result
of the assumption that wind production will partly offset demand charges during
peak demand hours.
4) Under Eskom(variable)24 cost assumption the utility will benefit by not having to
produce electricity at the high marginal cost rate.
5) No electricity is wheeled so no wheeling charges are raised.
6) The customer’s total cost of electricity is between 192 and 220 c/kWh of which
approximately 100 to 130 c/kWh is for utility services. The rest is paid to the IPP for
energy delivered.
Scenario 2
11.6.3.1

S2ai: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 78: Results for CoT – S2ai
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11.6.3.2

S2aii: Moderate DG Capacity/ High Tariff Increase/ Embedded/
Customer Offtake/ Wheeling Charge

Figure 79: Results for CoT – S2aii

11.6.3.3

S2bi: Moderate DG Capacity/ Low Tariff Increase/ Embedded/ Munic
Offtake

Figure 80: Results for CoT – S2bi

11.6.3.4

S2bii: Moderate DG Capacity/ High Tariff Increase/ Embedded/ Munic
Offtake

Figure 81: Results for CoT – S2bii

From the figures above, the following can be observed:
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8) There is a negative impact on the customer under Scenarios S2ai (low tariff path).
The reason for this is that the customer can purchase electricity for less from the
Munic that what it can buy from the IPP.
9) There is a positive net impact on the customer under Scenario S2aii (high tariff path)
This because the customer pays less for electricity from the IPP than what it can buy
from the Munic even after paying wheeling charges.
10) There is no net impact on the customer under Scenarios S2bi and S2bii because the
customer buys all its power from the Munic.
11) The Munic realises a net benefit under all four scenarios. This is a big improvement
over the net losses suffered under Scenario 1. This turn-around is due to:
a. Wheeling charges (of between 14 and 18 c/kWh) that the Munic recover from
the customer under scenarios S2ai and S2aii and
b. Munic buys electricity for less from the IPP than from Eskom under S2bi and
S2bii.
12) Eskom’s net impact positions remains the same as in Scenario 1.
13) The customer pays substantially more for electricity under scenarios S2bi and S2bii
due to the fact that the customer cannot escape the projected tariff increases.
14) The customer pays approximately 120 - 150 c/kWh to the Munic for network services
under Scenarios S2ai and S2aii.
Scenario 3
11.6.4.1

S3ai: High DG Capacity/ Low Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 82: Results for CoT – S3ai
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11.6.4.2

S3aii: High DG Capacity/ High Tariff Increase/ Embedded/ Customer
Offtake/ Wheeling Charge

Figure 83: Results for CoT – S3aii

11.6.4.3

S3bi: High DG Capacity/ Low Tariff Increase/ Embedded/ Munic Offtake/
No Wheeling Charge

Figure 84: Results for CoT – S3bi

11.6.4.4

S3bii: High DGCapacity/ High Tariff Increase/ Embedded/ Munic Offtake/
No Wheeling Charge

Figure 85: Results for CoT – S3bii

From the figures above, the following can be observed:
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8) The structure or shape of the results is the same as for Scenario 2; however, as the
amount of DG capacity has now increased from 200MW to 500MW, the net impact
has increased proportionally
9) There is a negative impact on the customer under Scenarios S3ai (low tariff path).
The reason is that the customer can purchase electricity for less from the Munic that
from the IPP.
10) There is a positive net impact on the customer under Scenario S3aii (high tariff path)
This because the customer pays less for electricity from the IPP than what it can buy
from the Munic even after paying wheeling charges.
11) There is no net impact on the customer under Scenarios S3bi and S3bii because the
customer buys all its power from the Munic.
12) The Munic realises a net benefit under all four scenarios. This is due to:
a. Wheeling charges (of between 15 and 20 c/kWh) that the Munic recover from
the customer under scenarios S3ai and S3aii and
b. Munic saves electricity purchases costs by buy electricity for less from the IPP
than from Eskom under S3bi and S3bii.
13) Eskom’s net impact positions remain the same as in Scenario 1.
14) The customer pays substantially more for electricity under scenarios S3bi and S3bii
due to the fact that the customer cannot escape the projected tariff increases.
15) The customer pays approximately 120 - 150 c/kWh to the Munic for network services
under Scenarios S3ai and S3aii.
Scenario 4
11.6.5.1

S4ai: High DG Capacity/ Low Tariff Increase/ Embed + National/
Customer Offtake/ Commercial Wheeling Charge

Figure 86: Results for CoT – S4ai
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11.6.5.2

S4aii: High DG Capacity/ High Tariff Increase/ Embed + National /
Customer Offtake/ Commercial Wheeling Charge

Figure 87: Results for CoT – S4aii

11.6.5.3

S4bi: High DG Capacity/ Low Tariff Increase/ Embed + National / Munic
Offtake

Figure 88: Results for CoT – S4bi

11.6.5.4

S4bii: High DG Capacity High Tariff Increase/ Embed + National / Munic
Offtake

Figure 89: Results for CoT – S4bii
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From the figures above, the following can be observed:
8) There is a positive net benefit to the customers under Scenarios S4ai and S4aii. The
reason is that the customer pays less for electricity from the IPP than from the Munic.
It is noted that the benefit under S4aii (high tariff scenario) is significantly bigger
because of the higher assumed tariffs from Eskom and the Munic.
9) There is no net impact on the customer under Scenarios S4bi and S4bii because the
customer buys all its power from the Munic.
10) The Munic realises a net benefit under all four scenarios. The reasons for this are:
a. Wheeling charges (of between 25 and 30 c/kWh) that the Munic recover from
the customer under scenarios S4ai and S4aii and
b. Munic saves by buying electricity for less from the IPP than from Eskom under
Scenarios S4bi and S4bii.
11) Eskom’s net impact positions improve over that of Scenarios 1, 2 and 3. The reason
is that Eskom collects wheeling charges of between 7 – 10 c/kWh for electricity
wheeled over its network.
12) The customer pays substantially more for electricity under scenarios S4bi and S4bii
due to the fact that the customer cannot escape the projected tariff increases.
13) The customer pays approximately 120 - 150 c/kWh to the Munic for network services
under Scenarios S4ai and S4aii.
14) Important to note that all stakeholders benefit from Scenario 4 if wheeling charges
are factored into the calculations.

Eskom
DG RE Capacity

Sales Volume Impact
An increase in DG capacity will have a negative impact on Eskom’s sales. The sales impact of
the four main scenarios are depicted below. It shows that:
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1) Under Scenarios 1 and 2 the sale impact grows from 256 GWh in 2019/20 to 2562
GWh in 2028/29
2) Under Scenario3 with more DG capacity the sale impact grows from 652 GWh in
2019/20 to 6,515 GWh in 2028/29
3) Scenario 4 has the biggest impact. The sales impact on Eskom under this scenario
grows from 735 GWh to 7,346 GWh in 2028/29.
Figure 90: Impact of DG on Eskom Sales (GWh) for Scenarios 1 and 2

Figure 91: Impact of DG on Eskom Sales (GWh) for Scenarios 3
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Figure 92: Impact of DG Production on Eskom Sales for Scenarios 4

Commercial Impact
The impact on Eskom due to the loss of sales depends by-and-large on Eskom’s marginal cost
of production. In short, if Eskom’s marginal cost of production is lower than the MegaFlex
energy rate, the utility will experience a negative net impact because it will lose more
revenue than it saves in production costs. But if Eskom’s marginal cost of production is
higher than the MegaFlex energy rate, then the company will be better off if it loses the sales
because the cost of production savings from the loss in sales is bigger than the loss in
revenue.
This study tested the impact on Eskom for two different marginal cost assumptions.
1) The first assumption assumes that Eskom marginal cost of production is equal to the
utility’s MegaFlex energy rates. Under this assumption whatever Eskom loses on the
reduced energy sales is being offset by savings on energy (or fuel) purchase costs.
2) The second assumption assumes that Eskom’s marginal cost of production is higher
than the MegaFlex energy rates. See section 8.3.8 for a more detailed discussion on
the assumption of Eskom’s marginal cost of production over the next number of
years.
The results below show the expected commercial impact on Eskom as a result of the loss in
sales due to the increased DG RE production. The figure on the left show the impact assuming
Eskom’s marginal cost of production is equal to the MegaFlex energy rates. The figure on the
right shows the impact if marginal cost of production is the same as assumed in section 8.3.8.
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Figure 93: Annual Net Commercial Impact on Eskom - Scenario 1 and 2 (high tariff path)

Figure 94: Annual Net Commercial Impact on Eskom - Scenario 3 (high tariff path)

Figure 95: Annual Net Commercial Impact on Eskom - Scenario 4 (high tariff path)
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The above results show:
1) Under Scenarios 1, 2 and 3 and assuming Eskom’s marginal cost of production is equal
to the MegaFlex energy rate, Eskom experiences a net loss. This is caused by a
reduction in maximum demand sales and revenues as a result of the assumption that
wind production will partly offset demand charges during peak demand hours.
2) The impact of assuming higher production cost for Eskom is clearly visible in the
figure on the right for Scenarios 1,2 and 3.
3) The results for Scenario 4 are different from the other scenarios and show the
positive impact when Eskom applies wheeling charges for energy wheeled over its
network.

Conclusions
The DG RE capacity assumptions for scenario 1 & 2 reflect the total capacity for DG RE made
available in the draft IRP2018 document. Scenario 3 & 4 have been designed to test the
impact at higher levels of DG RE capacity and to explore the impact of national wheeling.
These scenarios are also more aligned with the Parliamentary Portfolio Committee on
Energy’s recommendation for increasing the allowance for small scale distributed generation
of up to 500MW per annum.
There are several other factors which will also impact on the viability of the DG plant
including, for example: IPP energy charges, production profiles and alignment with ToU
periods, wheeling charges over and above UoS charges and the location of the generator and
Customer.
The financial and tariff impact outcomes from this analysis are subject to these assumptions
and should therefore mainly be used for comparative purposes - the impact assessment
should be viewed in this context. The Consultant developed a bespoke model in order to
calculate the value of DG RE plant from a Customer, Munic and Eskom perspective.
Customer Perspective
From a Customer perspective the following has been observed:
1) DG RE offer value to customers under all scenarios except under low tariff trajectory
in CoE, CoJ and CoT.
2) Under a high tariff trajectory DG RE offer value to customers in all Munics.
3) Purchasing power from a combination of embedded and nation DG (Scenario 4) offer
value to customers even under a low tariff scenario (including the cost of wheeling).
Munic Perspective
From a Munic perspective the following has been observed:
1) BTM DG have a negative net commercial impact on all Munics as customers are able
to escape all energy related charges including: energy, losses, subsidies, levies and
the municipal mark-up that is added on top of Eskom’s energy charges.
2) Munics will have to review their tariff structures and levels to mitigate the impact of
lower sales due to DG. Options include lower energy charges and higher capacity
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charges. Another approach might be to levy certain non-escapable energy charges on
licensed generation selling to customers.
3) Appropriate wheeling charges will ensure all Munics are positively impacted by
allowing wheeling over its network. Excessive high wheeling charges will suppress DG
development and will disadvantage not only the customers but also the Munic.
4) The analysis showed that wheeling charges differ significantly between Munics.
Wheeling charges for CoCT, NMB and CoJ fall in a range between 30 -40 c/kWh while
wheeling in NMB and CoT are between 15 – 20 c/kWh. The lower wheeling rates are
due to the Munic’s lower overall energy charges to its customers.
Eskom Perspective
From an Eskom perspective the following has been observed:
1) Eskom will experience a reduction in energy and potentially demand, which will vary
depending on the amount of DG RE capacity, the type of plant and the location of
these plant.
2) Assuming that Eskom’s marginal cost of production is higher than the MegaFlex
energy rates (which is likely to be the case over the next few years while supply
shortages persist) the company will be positively impacted by DG.
3) The wheeling of electricity over Eskom’s transmission network under Scenario 4 will
have a further positive impact on Eskom’s commercial results.
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12

Impact on National Fiscus
Government Guarantees

Government Guarantees to financial institutions are common all over the world and come in
various forms, ranging from standard deposit insurance schemes to the promise of an expost bailout. These guarantees assist lenders taking increased risks by helping to mitigate
two large risks that they face from financing projects: insolvency risk and liquidity risk.
The South African government closely monitors the status of its contingent liabilities, which
are commitments that may give rise to financial obligations in the future, and other fiscal
obligations. These obligations include guarantees to state-owned companies, independent
power producers, public private partnerships and provisions for multilateral institutions. In
the 2017/2018 period, Eskom used an additional
R18 billion of its guarantee and is expected to use
It is important point out that according
R17.9 billion annually over the medium term. The
to the 2018 Budget Review, government
unallocated portion of Eskom’s R350 billion
is developing a framework to reduce
guarantee
framework
agreement,
which
new guarantees to state-owned
amounted to R96 billion, was extended to 2023.
companies and is committed to reducing
guarantees as part of its efforts to
It is important point out that according to the 2018
maintain prudent levels of liabilities.
Budget Review, government is developing a
framework to reduce new guarantees to stateowned companies and is committed to reducing guarantees as part of its efforts to maintain
prudent levels of liabilities.

Total exposure for the South African government is summarised below:
Figure 96: Total South African Government Guarantees (2015/16 - 2017/18)

Source: http://www.treasury.gov.za/documents/national%20budget/2018/review/Chapter%207.pdf
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Power-purchase agreements between Eskom and independent power producers are
classified as contingent liabilities in line with global standards. These liabilities can
materialise in two ways. If Eskom cannot afford to buy power as stipulated in the powerpurchase agreements, government will have to loan the utility money to honour the
agreements. Government would also be liable if it terminated such agreements owing to a
change in legislation or policy. Both outcomes are considered unlikely, and the risk of this
contingent liability materialising is low.

Municipal level fiscus
For the quarter ending June 2018, South Africa’s municipalities spent a total of R88.6 billion
and municipal revenue was R82.6 billion. The largest costs for the quarter were employee
related costs (R24.1 billion) and electricity expenditure (R18.2 billion) which was 20.6% of
spend. The largest source of revenue was sales of electricity (R24.9 billion) followed by
Grants and Subsidies (R19.4 billion).
Internally generated sources contributed 76.5% to total municipal revenue for the quarter
ended June 2018, while transfers from government accounted for the remaining 23.5%.
Larger cities are able to supplement larger proportions of their budgets with internally
generated revenue, while rural municipalities depend more on transfers.
In order for a municipality to find an IPP affordable, the total amount charged over the
contractual period (considered to be 10-years for the purpose of this study) would need to
be cheaper than the current Eskom tariffs. To compare these a net benefit for each scenario
has been calculated and presented in section 11.
South African municipalities are generally not considered to be good credit quality and, in
most cases, where a municipality is purchasing from an IPP, they will have to be supported
by a treasury guarantee, to be considered bankable. A few municipalities in South Africa
could however potentially be considered bankable for a limited commitment.

Government Guarantee Ranges
Across the five Metros considered, possible guarantee values were calculated for each of the
two main capacity scenarios (200 MW and 500 MW) studied. This allowed for a range of
values to be calculated that provide an indication of the potential guarantee value.
A worst-case view has been taken in which the guarantee should be used to repay the
outstanding loans for the project as well as settling the equity returns in the event of a buyer
default. This was softened by assuming a 15-year rather than a more typical 20-year term for
the PPA. The guarantee values per scenario were calculated using the approach described
below.
1) Establish the annual IPP revenues for each of the technologies in every Munic by
multiplying the annual LCOE and production values as presented in section 8.3. This
takes the anticipated cost reduction of DG RE into consideration.
2) Summate the annual revenues over 15 years.
The present value results are equivalent to the government guarantee and are shown below,
separated between the two scenarios and split between each municipality. Each table shows
two guarantee values. The first value represents the guarantees needed to cover the capacity
commissioned during 2019/20. The second value shows the cumulative guarantee value
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when all assumed DG RE capacity is commissioned. The tables also include, for easy
reference, the Net Benefit results for each Munic under the low and high tariff trajectories.
The analyses show that the estimated
guarantee values in 2028/29 are in the range
between R32 billion and R68 billion for Scenario
2 and 3 respectively.

The analyses show that the estimated
guarantee values in 2028/29 are in the
range between R32 billion and R68
billion for Scenario 2 and 3 respectively.

It is worth pointing out that under the Low Tariff
path for CoE, CoJ and CoT (under both Scenario
2 and 3) there is no net benefit and the municipalities would be better buying directly from
Eskom. It also suggests that it would be hard for IPPs to obtain guarantees under these
circumstances. The remaining scenarios show positive net benefit for the municipalities.
Table 15: Net Benefit and Guarantee Figures for Scenario 2
Net Benefit Figures
Munic

Guarantee Figures

Low Tariff

High Tariff

2019/20

2028/29

(Rm)

(Rm)

(Rm)

(Rm)

CoCT

199

731

699

6,700

NBM

376

994

746

7,216

CoE

-26

388

624

5,927

CoJ

-26

388

624

5,927

CoT

-40

369

624

5,927

Total

483

2,870

3,317

31,698

Table 16: Net Benefit and Guarantee Figures for Scenario 3
Net Benefit Figures
Munic

Guarantee Figures

Low Tariff

High Tariff

2019/20

2028/29

(Rm)

(Rm)

(Rm)

(Rm)

CoCT

621

2,031

1,809

17,395

NBM

1,019

2,615

746

7,216

CoE

-17

1,013

1,537

14,560

CoJ

-17

1,013

1,537

14,560

CoT

-37

987

1,537

14,560

Total

1,569

7,659

7,165

68,291

Municipal Guarantees
As per Section 50 of the Municipal Finance Management Act (MFMA), municipalities may
not issue guarantees unless:
1) The guarantee falls within their approved budget
2) The municipality creates and maintains a cash-backed reserve for the duration of the
guarantee or
3) The municipality maintains an insurance policy for the duration of the guarantee
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It is not anticipated that the guarantees would fall within the approved budget and so the
guarantee would hinge on the municipality holding cash reserves or holding an insurance
policy for the amount. A perceived determinant of whether the municipality would issue the
guarantee would hinge on the cost savings that the project brings them.
Other sections of the MFMA that are relevant include Section 51 which allows for a
guarantee to be given by the National Revenue Fund. Section 33 speaks to future budgetary
implications and makes note of the duration of a contract. Should a contract exceed 3 years
then there are certain conditions that first need to be met which include:
1) The draft contract must be made public
2) The relevant national department and National Treasury need to give the go-ahead
3) The municipality needs to project the financial obligation and its impact
Even though some scenarios presented in this report show a cost saving to the municipality
this does not mean that a guarantee would be issued.

Guarantee Overview
Under Scenario 3 there is a maximum estimated guarantee of R68 billion which is a
significant 10% of the current government guarantees (totalling R666 billion) and would
represent a considerable 34% increase in the current government guarantees to IPP’s
(currently R200 billion). But, as noted earlier, the South African Government may not be in a
position to absorb any additional guarantees.
Figure 97: Impact on Government Guarantees

Source: 20181203 SAWEA GovGuarantee NPV.xlsx

Conclusions
With the assumptions detailed above, a wide range of possible government guarantees have
been shown which vary from R3.3 billion (in the first year under Scenario 2) to a maximum
of R68.2 billion (in 2028/29 under Scenario3). This is a material amount when compared to
the current total government guarantees of R666 billion. Following the publication of the
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2018 Budget Review, government is currently reducing guarantees and so may be unwilling
to take on additional guarantees if there is possibility for projects to proceed without them.
The situation at a municipality level shows that based on the current assumptions, each
municipality faces a net benefit under the high tariff scenario but not under the low tariff
scenario. It is anticipated that the reason that Nelson Mandela Bay and City of Cape Town
show positive net benefits under the low tariff scenarios is due to the high wind capacity
factor and low LCOE.
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13

Impact on Local Economic Development
General

Much of the South African renewable project Local Economic Development (LED) experience
has been based on the Department of Energy’s (DoE) REIPPP Programme. However, The
REIPPP is extremely prescriptive with regards to LED and it is important to note that the
national regulations around constructing and operating a power station (including the NERSA
generation license) do not specify industry requirements for LED.
In REIPPP, the DoE deliberately added significant LED requirements into their procurement
process, wherein bidders had to define and commit to measurable levels of LED involvement,
including job creation and other elements. The LED portion of scoring (REIPPPP bid rounds 1
to 4.5) was 30% of the total scoring of each bidder. Therefore, REIPPPP projects, while useful
in assessing the LED impact of projects, need to be considered carefully when it comes to the
LED impact of DG renewable energy projects.
Individual projects will no doubt vary on a case-by-case basis, but it is still possible to draw
some conclusions regarding general LED prospects for DG RE. This section of the analysis
does not specifically quantify the potential LED for the scenarios used in the modelling.
Rather it provides some general guidelines that can then be applied to any scenario.
To determine LED, the Consultant has used a definition of ‘Local’ to mean within an area of
approximately 50 km of the project site, i.e. it is specific to the city / municipality in question.
National-level economic development impacts are outside the scope of this study.
LED assumptions have been based on a 50 MWAC size plant.

Local Job Creation
Job creation in this study is considered in three forms25:
1) Direct: people employed by the power generation project itself
2) Indirect: people employed by supplying goods and services to the power generation
project
3) Induced: those employed to provide goods and services to meet consumption
demands of additional directly and indirectly employed workers.
Direct Employment
Within this study, the employees of an Engineering, Procurement and Construction (EPC)
contractor and their direct sub-contractors (such as civils, electrical, etc), and Operations and
Maintenance (O&M) contractor, are considered to be Direct employment, as the typical
project SPV is merely a legal entity for financing & project structuring purposes.

25 Source: “Briefing paper: An overview of the employment implications of the South African power sector transition”

Based on research commissioned by SAWEA and undertaken by Meridian Economics in June 2018 Published: July 2018 –
referred to hereafter as ‘Meridian Report’.
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Approach
The job creation potential of DG RE projects includes a large number of variables, so it is
appropriate to outline the approach used in this study.
The Consultant has used in-house data from recent utility-scale renewable energy projects
(which had a specific focus on local economic development) to provide the estimates used
in this study. It is noted that the preferred approach to a project can have very significant
impacts on the level of job creation, which can also affect the cost of energy from the project.
The service provider has a mix of REIPPPP and private offtake projects in its database.
The job creation assessment has assumed a single 50 MW project, rather than a portfolio of
such projects for the same customer. Although such a portfolio programme could potentially
stimulate further job creation, this study assesses DG RE and not the REIPPP.
The Service Provider’s database only considers Direct gross job creation (i.e. measurable jobs
directly created by the project, excluding any national-level considerations of job losses that
may potentially be caused due to a renewable energy power plant), and therefore we have
used other specialist studies to derive the Indirect and Inferred job creation.
The job creation measures considered in this study are new jobs for local community
members (i.e. permanent residents of the locality in which the project is built). The largely
rural location of historic utility-scale renewable energy projects means that an assumption
of skill levels has been taken into account that can be reasonably applied to any region of
South Africa; it is noted, however, that there is some (unquantified) potential for higher
levels of direct local job creation in the construction phase when the project is closer to major
urban areas, as the typical constraints around finding skilled employees are expected to be
less severe.
All jobs are measured in Full Time Equivalent (‘FTE’) person-years, i.e. on the assumption that
a ‘FTE person-year’ is one person, employed full time (circa 8 hours per day, 5 days a week)
for a full year.
Salary levels are not considered, except where required for estimation of additional job
creation on the cost of energy, although an indication of the skill levels of jobs is provided.
Wind and Solar PV projects are similar in that they are inherently high in capital expenditure,
and relatively low in operating expenditure (and operating staff complement), so this
analysis separates the construction phase jobs from the operational phase jobs.
Construction Phase Employment
The construction phase for Solar PV is estimated to take 15 months, and wind 21 months. It
is noted that project construction can be accelerated using a higher staff and equipment
complement (which approach is often proposed in newer projects), but the Consultant has
assumed an approach which is historically proven.
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Table 17: Employment Measurement per 50MW plant
Employment Measurement per
50MW plant

Solar Employment (FTE personyears)

Wind Employment (FTE
person-years)

Total South African Citizens

375

170

Of which, jobs for Local Citizens

280

127

Low and semi-skilled positions are expected to account for between 85% and 88% of FTE
person-years for both technologies.
Construction phase local employment can be altered by many variables, including
geotechnical and site conditions that require additional civil works, the philosophy of the EPC
contractor, and also procurement requirements put in place by the customer of the project.
The values provided above are therefore based on an assumption of ‘natural’ employment
(i.e. the number of local jobs that a project would create when procured on a lowest-cost
basis, on a typical project site, without any additional ‘forced’ job creation requirements).
Operational Phase Employment
For the purposes of this analysis, it is assumed that the operational phase of the project will
be 20 years; however, Solar PV panels can be warranted for 25 years26 (implying an even
longer operational life), and wind projects can have overhauls to extend their life. The actual
operational timeframe of any given project is therefore unknown, and a 20-year timeframe
is a realistic timeline for investors to achieve their required returns while selling energy at a
price of grid-parity or lower in South Africa.
Based on the service provider’s project database, the following employment for Local
residents would be created during the operational phase:
Table 18: Jobs for Local Citizens
Employment Measurement for a
50MW plant

Solar Employment (FTE personyears) over 20 years

Wind Employment (FTE
person-years) over 20 years

Jobs for Local Citizens

160

87

Indirect and Inferred Jobs
The study team has relied on the results of other specialist studies to calculate the local
indirect and inferred jobs created by a project. However, as noted in the Meridian report,
the following overall trends for the full project lifecycle can be forecast from REIPPPP data:
It is anticipated that 109,444 direct FTE person-year jobs will result from bid windows 1 to 4
over their 20-year PPA lifespans (Eberhard and Naude, 2017).
And:
McDaid et al (2016) estimate that a further 50,000 FTE person-year indirect and induced jobs
will result from REIPPPP Bids 1-4.

26 REIPPPP PPA terms have been for 20 operational years, which allows for comparison
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As the REIPPP Programme has largely consisted of wind and Solar PV projects, the overall
data can be reasonably applied to this study; therefore, by implication, each direct FTE
person-year of employment will create approximately 0.45 indirect and induced jobs.
The direct and indirect & induced local jobs are summarised below:
Table 19: Direct, Indirect and Induced Jobs
Employment Measurement per
50MW plant

Total Direct employment, in FTE
person-years (construction +
operations phases)

Indirect and Induced
Employment (FTE personyears)

Wind Plant, Jobs for Local citizens

207+127 = 334

150

Solar Plant, jobs for Local Citizens

280+ 87 = 367

165

Local Procurement
Local Procurement during Construction
Certain aspects of local procurement are ‘naturally’ sourced locally (i.e. local sourcing is the
best commercial arrangement) where such services are available. These types of services
would be available in the study areas (indeed, they would be available throughout South
Africa), and include aspects such as:
1) Civils (including but not limited to site clearance and foundations) and roads
2) Fencing
3) Site offices
4) Certain electrical items & services
However, these items typically only make up a relatively small portion of the capital
expenditure of the project. The key items are listed below, and are not available locally (in
many instances, they must be sourced internationally)
1) Wind:
a. Nacelle (international)
b. Blades (international)
c. Tower (some have RSA content – Cape Town)
2) Solar:
a. Panels (international)
b. Inverters (some have RSA assembly – Cape Town)
c. Frames (some RSA content, some local potential)
While it is possible to require additional local procurement, this is merely requiring that an
EPC contractor purchases a piece of equipment from a local supplier instead of directly,
which incurs a potentially significant impact on cost and (in some instances) could
conceivably cause issues with the ‘bankability’ of the procurement structure. In the service
provider’s experience, it is not normal to require such a procurement approach, indeed, it is
normally preferable to avoid it (aside from the cost considerations).

17 January 2019

Confidential

Page 100

SAWEA - Decentralised Generation Study (final)

Local Procurement during Operations
During the operations phase, many minor services can be locally procured; however, the
nature of the renewable energy plants means that such expenditure is relatively low in
quantum. The all-in management cost of running the project SPV is in the order of R 4.5 to
R 5 million per annum (assuming an external Operations & Maintenance contractor is used);
of this, only a portion could be Locally procured (services such as security, accounting, etc).
Additional project costs, such as insurance, would be procured from the South African
companies or the South African offices of international companies; however, this is not
expected to fall into the applied definition of ‘Local’.
On this basis, it is estimated that no more than R 1.5m per annum of Local procurement
during operations could be expected (based on a 50MW project).

Socio-Economic Development Spend
Socio-Economic Development (SED) spend can be highly variable between projects. Projects
need to consider their own requirements, in respect of location and the need to implement
SED spend (which can be driven by considerations varying from humanitarian concern
through to fear of hostile activity by the local population). An energy customer can require
that the project conducts SED spend, but it will be directly impacting the cost of energy.
Effectively, all SED spend is (from a regulatory and technical perspective) optional, and
therefore is a direct impact on the cost of energy. The quantum of spend that any given
project can sustain will be driven by the acceptable cost of energy, and the project capacity
(e.g. a project at 100 MW would be able to provide more SED spend than a project at 20
MW).
The impact of SED spend can also be affected by the energy tariff structure: Typically, the
tariff on these projects is constrained by lender requirements in the early operating years of
the project, and more ‘headroom’ for such expenditure is created later on in the project
lifecycle – this is driven by a typical tariff escalation that is linked to CPI. A higher starting
tariff, but lower escalation rate (e.g. fixed at 3% per annum), can help to enable to project to
even -out the spend profile, without affecting the overall NPV of the cost of energy. This
type of structure can be useful in the event of a requirement for consistent expenditure.

‘Forced’ Additional LED Activities
The energy customer would be able to require additional LED activity by the project; this
study assumes that the power project will sell energy to the customer, and therefore any
such ‘forced’ job creation will be paid for through the energy tariff (cost of energy). In effect,
the same financial impact will be incurred in the event of the energy consumer owning the
plant, albeit as a direct cost.
It should be noted that all calculations below in respect of the impact on the cost of energy
are high level only, and based on the cash flows of an example of the service provider’s
recent experience of such projects; the price of energy (when sold by an IPP) is driven largely
by project financiers’ coverage ratios. Combining costs, or undertaking the project at a suboptimal site (in respect of the energy resource), can have a significantly non-linear impact on
the cost of energy, depending on the nature of other cash flows within the project.
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The values indicated below assume a strong energy resource (approximately 5% below the
best sites in RSA)
Jobs
While local wage expectations do vary considerably, a high-level estimate of the cost of such
‘forced’ job creation is as follows. Note that, due to the short-term nature of the
construction phase (and the higher number of jobs during that period), the service provider
has only calculated the impact of long-term jobs during the operational phase.
Basis of estimate:
1) ‘Cost to Company’ wages of R6,000 per person per month (full time), escalating at
CPI
2) 50% additional ‘overhead’ costs associated with the additional staff (which includes
but is not limited to 1 junior management FTE position for every 6 positions)
Impact on cost of energy: circa R 0.01 / kWh for every 12 FTE positions (plus the junior
management) (over the 20-year operational phase, i.e. 280 person-years)
SED Spend
The following illustrates the energy cost impact of SED spend for the modelled 50 MW plants:
1) For R 2 million annual spend during the operations phase, the addition to the tariff
would be circa R 0.015 / kWh.

Conclusions
From the above assessment, the following can be noted:
Job Creation from DG RE
1) All jobs are measured in Full Time Equivalent (‘FTE’) person-years, i.e. on the
assumption that a ‘FTE person-year’ is one person, employed full time (circa 8 hours
per day, 5 days a week) for a full year.
2) Jobs can be split into two phases: “construction” and “operations” and are classed as
either direct, indirect or inferred
3) The table below summarises the job creation outcomes from this assessment
Table 20: Total Potential Local Employment for 50MW plant
Employment Measurement per
50MW plant

Total Direct employment, in FTE
person-years (construction +
operations phases)

Indirect and Induced
Employment (FTE personyears)

Wind Plant, Jobs for Local citizens

207+127 = 334

150

Solar Plant, jobs for Local Citizens

280+ 87 = 367

165

Local Procurement
1) Local procurement in general is more cost effective and could be expected for civils
works, site offices, certain electricity items and fencing.
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2) However, this is a small portion of the full capital cost and developers will probably
source the remaining equipment from international suppliers.
3) The all-in running costs of the project SPV for a 50MW plant are ~R4-R5m per annum;
only R1.5m of that would be for Local procurement although a portion of the
remaining amount may still go to non-local RSA companies.
SED Spend
1) SED spend plays an important role in REIPPP projects; however it is not obligatory in
DG RE projects.
2) Developers will pass on the costs of the SED spend to offtakers via the tariff and this
may impact on the attractiveness of the project.
3) A rough calculation shows that for every R2m per annum SED spend during the
operations phase, the impact on the tariff would be ~1,5c/kWh, for the modelled
50MW plant.
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14

Case Study: PowerX
Company Overview

PowerX is a licensed electricity trader27 in South Africa, of energy generated from clean
sources including RE and Gas fired plant. The company was formerly known as Amatola
Green Power and was originally licensed in 2009 as a “proof of concept” to show that there
was a market for trading of Renewable Energy.
At conception, Amatola was to provide an alternative source of supply for the Nelson
Mandela Bay Munic, during a prolonged period of national load-shedding, in which Eskom
had requested that large energy users reduce their demand. In response, NMB decided
instead to try and diversify their energy supply mix via the then Amatola. PowerX’s majority
shareholder is currently a company called Clean Energy Africa Investment.

Why review PowerX?
Given issues regarding security of supply in South Africa, several companies are investigating
the opportunity to enter into bilateral supply transactions with IPPs. However, besides
PowerX, there are no publicly reported “wheeling” transactions, that can be easily identified
in South Africa. PowerX have leveraged their trading license to both procure energy from
IPPs (i.e. outside of the REIPPP) and also to sell directly to consumers in NMB. Whilst this is
a step removed from the more direct “willing buyer- willing seller” model, it provides insight
into one option for promoting DG RE in South Africa. Furthermore, PowerX are currently
expanding their geographic scope and signing on new generators and customers, therefore
this appears to represent one workable model for South Africa.

Where do PowerX operate?
The company started operations in the Nelson Mandela Bay Metro and this is where all of
their customers are currently based. However, they are able to procure energy from
generators located anywhere in the country. The company is also currently in the process of
integrating systems to enable the trading of power in the following municipalities: Umjindi
(Barberton), Makana (Grahamstown), Mandini (or Mandeni) and Lesedi (Heidelberg).
PowerX report that they are open to operating in a number of other large metros as well as
smaller municipalities to open up trade in as many regions as possible. It appears that there
are several larger metros (e.g. City of Cape Town) that wish to pursue their own procurement
process directly with IPPs. PowerX continues to engage these larger metros with the aim of
creating trading opportunities in these areas.

27

currently the only one
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Who are PowerX’s customers?
PowerX’s customers are currently all in NMB. They sell mainly to commercial/industrial
customers which include (amongst others): grocery stores, shopping centres, fast food
franchises, manufacturers, light industrial, automotive, hotels and golf courses. Customers
are incentivised to buy from PowerX as their energy rates are discounted from the NMB tariff
(3% - 5%), depending on the tariff rate the customer is on. PowerX also sells “green” energy
with Renewable Energy Certificates (RECs), which provide proof of origin that the power
generated is indeed from a renewable source. This is a key value proposition for some
organisations which have to achieve global sustainability RE targets.

Generators
PowerX procures energy from a variety of generators – Bethlehem Hydro, Electrawind,
Genergy, Emergent, FedGroup, Darling Wind Farm, co-generators (e.g. TSB Sugar, Umfolozi
Sugar) as well as numerous small rooftop PV installations within NMB. The number of
rooftop suppliers provide potential for growth, primarily due to the fact that these small
generators do not require a generation license from NERSA. There are also several other
generators that were selling power on the MTPPP and STPPP programs, which may also have
spare capacity to trade, from time to time.

Operating Model
PowerX procure energy from generators and on sell this energy to consumers in NMB. For
the use of their distribution network, PowerX pays a Use of Systems fee to NMB. Similarly,
PowerX also pays a wheeling fee to Eskom for use of their distribution network. The wheeling
charge varies depending on who the end-customer is i.e. the wheeling charge for post-paid
customers is different to the wheeling charge for pre-paid customers.
NMB customers only pay for the energy consumed when contracting with PowerX. All other
costs that are ordinarily applicable to NMB customers would still be charged. The monthly
account from the Municipality therefore includes all the existing charges; however, with one
additional line item, which is a kWh “offset” on green energy. PowerX then send the
customer a separate invoice for the same amount of kWh that has been ‘offset’ on the NBM
invoice. In the case of NMB, the same company manages the settlements and metering for
both NMB and PowerX, which proves efficient.

Power X Conclusion
From the analysis, the following can be noted:
1) PowerX have found a viable operating niche in which they aggregate supply and demand
as a trader of electricity.
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2) PowerX “sold” ~49GWh of power to its customers for their fiscal 2017 reporting period,
but only procured ~44GWh28. This is possible as PowerX does not guarantee supply to
customers29 i.e. any shortfall in supply is simply made up by NMB which acts as the
supplier of last resort, if PowerX cannot deliver.
3) This is noteworthy as PowerX takes limited transactional risk – although Power X does
not guarantee supply to their customers; they will issue limited payment guarantees to
the supplier for the duration of the offtake agreement. These payment guarantees will
be negotiated on a case-by-case basis.
4) It should be noted that PowerX is therefore not playing the role of a bankable offtaker
for the full energy production from a project – guarantees are only provided for a billing
period up to 12 months, and only provided to existing suppliers. Guarantees have not
been provided to suppliers who are yet to construct their power plant facility.
5) By constantly matching supply and demand on a short-term basis, PowerX have avoided
long term, onerous funding obligations, either via debt or equity – this contrasts with the
traditional contracting model which looks to 20yr PPAs in order to develop RE plant. The
PowerX model therefore works well in circumstances where a generator is already
operating but is looking for an offtaker OR for generators that can develop new plant off
balance sheet and are willing to accept the transactional risk e.g. small rooftop PV
projects.
6) The contracting of supply from smaller RE projects, may therefore be a more efficient
and flexible approach to support Corporate PPAs.
7) Many Munics (including NMB) charge a margin on energy costs. From an outsider’s
perspective, it is not possible to quantify exactly what makes up the margin, but
presumably it includes items including: losses, levies, subsidies and surcharges (for
example). PowerX’s customers will displace energy from NMB, who will lose out on this
margin. PowerX have confirmed that they have negotiated different wheeling charges
with NMB and Eskom – which theoretically should cover the loss of this margin.
8) NERSA’s reason for decision on PowerX’s licensing applications notes: “The NMBM does
not charge wheeling price to energy generated within its boundaries. Energy generated
outside the municipal boundaries (external generation) are charged at 7% of the product
of the NMBM price and the total kilowatt-hour (kWh) of commercial energy supplied to
PowerX”.
9) This implies that:
a. for energy bought and sold within the NMBM, PowerX does not pay wheeling
charges,
b. for energy bought outside the NMBM, Power X will pay a wheeling charge of 7% of
the cost of the energy procured by PowerX,

28

http://www.nersa.org.za/ShowDocuments.aspx?Category=Electricity&SubCategory=Regulator+Decisions&PageId=467&P
ageName=Electricity
29
PowerX report that there are some exceptions to this – when they were starting up some guarantees were provided to
their first counterparties as an incentive
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c. for energy bought outside the NMBM, PowerX may be liable for other wheeling
charges from Eskom, or other distributors, depending on where they supplier is
located.
10) One of the potential value offerings of PowerX is the ability to supply larger volumes of
power than any one individual customer could procure themselves e.g. by putting up
their own rooftop PV panels.
11) It seems likely that some of the larger Munics may look to duplicate this model
themselves.
12) Given the lack of a requirement for significant guarantees, Munics might see this as a
potential option to mitigate some of the current RE procurement issues related to the
Municipal Finance Management Act.
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Annex A: Detailed Scenario Assumptions
RE Plant Production Profiles

In order to assess the impact on existing demand from Eskom, production profiles were
developed for each of the RE plant per geographical area that related to the Munics.
Cape Town – Wind & PV
Figure 98: CoCT - Wind & PV Profiles
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Nelson Mandela Bays – Wind & PV Profiles
Figure 99: NMB - Wind & PV Profiles
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City of Ekurhuleni and City of Johannesburg – Wind & PV Profiles
Figure 100: CoE and CoJ - Wind & PV Profiles
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City of Tshwane – Wind & PV Profiles
Figure 101: CoT - Wind & PV Profiles

Plant Production by ToU
National Plant
Table 21: RE Plant production by ToU
National PV
(fixed) Profile
High Season
Peak
Standard
Off-Peak
Sub-Total
Low Season
Peak
17 January 2019

Production %
1.3%
15.3%
4.6%
21.2%
12.8%

National PV (1axis) Profile
High Season
Peak
Standard
Off-Peak
Sub-Total
Low Season
Peak

Production %
1.3%
15.3%
4.6%
21.2%
12.8%
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National Wind
Profile
High Season
Peak
Standard
Off-Peak
Sub-Total
Low Season
Peak

Production %
3.9%
9.8%
12.3%
26.0%
11.0%
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Standard
Off-Peak
Sub-Total

17 January 2019

48.6%
17.4%
78.8%

Standard
Off-Peak
Sub-Total

48.6%
17.4%
78.8%
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Standard
Off-Peak
Sub-Total

29.8%
33.1%
74.0%

Page 112

SAWEA - Decentralised Generation Study (final)

16

Annex B: Methodology for Determining the Net
Commercial Benefit

The table below shows the method for calculating the commercial impact on the Customer,
the Munic and Eskom.
Description
Impact on Customer
Original Position of Customer
- Original electricity purchase cost
Changes (if applicable)
+ Munic Offset/Rebate
- Munic Wheeling charges
- Eskom Wheeling charges
- IPP charges
Nett Changes/Impact
Revised Position of Customer
- Revised electricity purchase cost

Impact (Rand)

-A
+B
-C
-D
-E
F=B-C-D-E
G=-A+F

Impact on Munic:
Original Position of Munic
+ Original Munic Revenue
- Original Munic Cost of Supply
Changes – Revenue (if applicable)
- Munic Offset/Rebate
+ Munic Wheeling
+ Eskom Wheeling
Nett Changes - Revenue
Changes – Cost of Supply (if applicable)
+ Eskom Offset/Rebate
- Eskom Wheeling charges
- IPP charges
Nett Changes – Cost of Supply
Nett Changes/Impact
Revised Position of Munic
+ Revised Munic Revenue
- Revised Munic Cost of Supply

+A
-H
-B
+C
+D
I=-B+C+D
+J
-C
-E
K=+J-C-E
L=I+K
M=+A+I
N=-H+K

Impact on Eskom
Original Position of Eskom
+ Original Eskom Revenue
- Original Eskom Cost of Supply
Changes – Revenue (if applicable)
- Eskom Offset/Rebate
+ Eskom Wheeling
Changes – Cost of Supply (if applicable)
- Eskom production cost savings
Nett Changes/Impact
Revised Position of Eskom
+ Revised Eskom Revenue
- Revised Eskom Cost of Supply
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-O
-J
+C
-P
Q=-J+C-P
R=H-J+C
S=-O-P
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