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a b s t r a c t

Regulatory changes, economic challenges, environmental concerns, and changing public perception
have contributed to the profound changes observed globally in the electricity industry. Since 2008,
South Africa has been experiencing electric power deficits and outages. This has been due in part
to generation capacity constraints, belated investment in new electricity infrastructure, deferred
maintenance of existing power assets, load growth in areas which were not adequately planned for,
high population and economic growth over the last two decades. This has resulted in peak electricity
demand outstripping available power generation capacity, leading to electricity shortages and load
shedding, which is now impeding economic growth. In South Africa, forced under frequency load
shedding, rising electricity tariffs, energy efficiency, declining cost of solar PV systems, the introduction
of Carbon taxes, high cost of unserved energy has led consumers to explore embedded generation
options to assist with reducing their energy bills, hence investments in solar PV has become an option
to municipal customers. The simple payback period of solar PV systems is an important indicator for
customers to ascertain whether to invest in these systems or not. Revenue loss remains a significant
concern for municipalities who have historically designed single and two-rate bundled tariffs, which
rely on municipalities selling electricity to ensure its business’s sustainability. Municipalities have now
proposed new tariff structures designed to minimize the adverse impact of reducing electricity sales
from solar PV by creating net billing tariffs with a built in network access charge component based
on the customer’s inverter size. Case studies were carried out to better understand the impact on the
feasibility of solar PV systems with and without the implementation of these new tariffs and its impact
on the customer’s payback periods. A calculation of the levelised cost of electricity and customers rate
of return for the different customer classes were also calculated to provide a better picture on the
financial feasibility of rooftop solar PV. Results obtained from these case studies indicate lucrative
payback periods for customers installing solar PV systems with improved revenue recovery for the
municipality.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The features of future energy show a shift towards: the DC
ower grid, low Carbon future, Carbon-neutrality (with new
ower generation projects), greenhouse gas (GHG) emissions
tandards, universal electrification (energy access, affordability),
ustainability, advances in cutting edge voltage-source-converter
VSC) high voltage direct current (HVDC) technology and smart
nfrastructure (Davidson, 2020). These trends, such as decar-
onization, decentralization, digitalization, and technology ad-
ances, have impacted municipalities and affected traditional
tility strategies (Ismael et al., 2019). The revenue model upon
hich utility business is based is under threat. The 4th industrial
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revolution (4IR), which is based on the use of cyber–physical
systems, underpins the energy transition. The electricity sec-
tor in South Africa was historically vertically integrated with
Eskom’s electricity generation and transmitted by high voltage
networks to load centers around the country. However, the in-
troduction of embedded generation (EG), distributed generation
(DG), or distributed energy resources (DER) has resulted in a
shift in electricity generation from fossil fuels centrally to more
decentralized small-scale renewable energy generation at the
local load centers, thus making customers become Prosumers
(Ismael et al., 2019; Mahmud et al., 2020). This means customers
can either import or export electricity at any time. The once
simple unidirectional power flow electricity grid now becomes
a complex bi-directional power flow power system connected
with various variable energy generation sources importing and
exporting electricity to and from the grid. The introduction of
icle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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able 1
lectricity price increase over the past 4 years at eThekwini electricity eThekwini
unicipality Electricity Unit (2019).
Electricity price increases (%)

Tariff-Year 2016/2017 2017/2018 2018/2019 2019/2020

B&G 7.64 1.88 6.84 13.07

these small scale embedded generation (SSEG) projects onto the
eThekwini Municipality grid has several technical and financial
implications for the Municipality (Mthembu et al., 2018; Gama
et al., 2011; anon, 2020).

Municipal customers are constantly seeking ways to reduce
heir electricity bills whilst the Municipality is constantly trying
o adapt their business revenue models to remain sustainable.
istorically municipalities created simple bundled residential and
usiness tariffs that allowed them to make profits based on
lectricity sales: this required cheap electricity meters and sim-
le billing systems. eThekwini Municipality purchases electricity
rom Eskom on a 275 kV Mega Flex Time of Use (TOU) tariff
tructure, which is dependent on the day of the week, time of
ay and season. This tariff was simplified into either a single
ate or a two-rate tariff and offered to their residential and
usiness and General (B&G) customers (eThekwini Municipality
lectricity Unit, 2019). The introduction of SSEG (rooftop solar PV)
equired a review and change to these bundled tariff structures.
able 1 reflects the tariff increase at eThekwini Electricity over
he past four years. The increase ranged from 1.88% to 13.07%,
ith an average of 7.35% over the past four years. The lowest tariff

ncrease was 1.88%, the average tariff increase was 7.35%, and
he highest tariff increase was 13.07%. As Municipalities increase
nd change their electricity tariffs, this then impacts the financial
easibility of the customers solar PV installation.

Studies have shown that solar PV can help South African
unicipal customers substantially reduce their electricity costs,
ith systems paying for themselves within 3–12 years of in-
tallation, providing free energy for nearly 15 years thereafter.
non (2021) However these payback periods are influenced by
umerous technical and commercial factors. Kritzinger (2017)
ustomers want to understand how installing solar PV systems
ill assist in reducing their electricity costs and how long will

t take for their systems to pay themselves off with the newly
roposed municipal net-billing tariffs. Interaction with Municipal
ustomers also reveal that they find it difficult to understand
ore complex tariff structures such as the two rate tariffs and in-
ustrial TOU tariff structures in order to calculate their PV system
ayback periods. Now with the proposed introduction of the new
et billing tariffs, it adds a further dimension and complexity in
ccurately calculating their PV system payback periods. There has
ot been any existing work done to date on the financial feasibil-
ty of solar PV on the proposed eThekwini Municipality net-billing
ariffs. Studies have also shown that Durban has the worst PV
roduction from all the provinces in South Africa. Sewchuran
nd Davidson (2021) The payback period study outcomes across
he different municipal customer classes is critical for municipal
ustomers to make informed decisions on whether to invest in
olar PV or not. The results will also help the Municipality to
nderstand the potential uptake figures based on how lucrative
he payback periods are, which will ultimately inform the tariff
esigner on how to plan tariffs going forward to ensure municipal
usiness sustainability.

. Background

eThekwini Municipality had an increase of 18997 customers in

he 2017/2018 (768064) financial year compared to the 2016/2017

4962
Fig. 1. Growth in customer’s vs. energy sold (Mthembu et al., 2018).

Fig. 2. System maximum demand at eThekwini Electricity (Mthembu et al.,
2018).

(749067) financial year as illustrated by Fig. 1. However, there
was a decrease of 0.5% in energy sales at eThekwini Municipality
in the 2017/2018 (10239 GWh) financial year compared to the
2016/2017 (10290 GWh) financial year as seen in Fig. 1. In the
2003/2004 financial year, with a customer base of 564 527,
eThekwini Electricity sold 10 291 GWh of electricity compared
to 768064 customers in 2017/2018. The 2017/2018 maximum
demand declined by 2.73% from 1729 MVA in the 2016/2017
financial year to 1682 in the 2017/2018 financial year, a decline
of 47 MVA (see Fig. 2). In the 2008/2009 financial year, the
eThekwini Electricity maximum demand was 1897 MVA whilst in
the 2017/2018 financial year, it was 1729 MVA. There is clearly
a decline in electricity sales. These may be attributed to weak
economic growth, energy efficiency, and customer embedded
generation. The municipality can only control and regulate the
customer embedded generation connections since it is currently
cheaper to use the grid to store excess generation as opposed to
expensive battery storage systems. The municipality proposes to
offer customers a tariff that will allow them to import energy
when they require and pay them for excess energy that is ex-
ported to the grid on a feed in tariff (FIT) with a network access
charge (NAC) based on the customers inverter size called a net
billing tariff (NBT). Revenue loss remains a significant concern to
the Municipality.

2.1. Residential customers

Revenue from electricity sales from the residential sector at
eThekwini Municipality is 26% (Fig. 3), whilst it accounts for 24%
of energy sales (Fig. 4). There is a need to investigate the potential
for revenue loss and the impact of the newly proposed NBT on
both the municipality and customer. There are 325 817 credit
customers, which accounts for 42.42% of the total eThekwini
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Fig. 3. Distribution of Revenue from sales at eThekwini Municipality (Mthembu
et al., 2018).

Fig. 4. Distribution of Energy Sales at eThekwini Municipality (Mthembu et al.,
018).

lectricity customer base. These customers use an average of 632
Wh electricity whilst there are 397 817 prepaid customers at
Thekwini Electricity, who use an average of 177 kWh a month.
lthough the prepaid customer base is 51.71% of the total cus-
omer base at eThekwini Electricity, they only consume 8% of
he total energy sold and are responsible for 9% of the electricity
evenue. 44.47% of the prepaid customer base uses, on average
150 kWh a month. They are considered indigenous customers
nd receive a free basic electricity token of 65 kWh per month.
here is, however, a mismatch between the PV generation peak
t midday, and the residential peak demand, which is at ∼7 am
nd ∼8 pm, as shown in Fig. 5, due to the mismatch in the
ustomer demand and solar PV generation which results in excess
nergy being exported to the municipal grid. Thus, the customer
ses the municipal grid as an energy storage facility and uses
lectricity from the grid when their load demand exceeds their
olar PV generation output. With the residential sector accounting
or 94.13% of the customer base at the eThekwini Municipality,
he newly proposed NBT impact needs to be evaluated; the cus-
omer’s payback period for rooftop PV systems and revenue loss
otential to eThekwini Municipality (Mthembu et al., 2018).

.2. Business customers

Fig. 6 shows there are 44 027 B&G customers at eThekwini
lectricity that use 2585 GWh a year. Each customer uses an
verage of 4425 kWh a month or 53100 kWh a year. The B&G
ustomer base is made up of several tariff structures which in-
ludes a single-rate and a two rate bundled tariff structure. The
&G tariffs apply to electricity supplied to business premises
 b

4963
Fig. 5. Typical residential load profile vs PV generation profile (Sewchurran,
2016).

Fig. 6. Growth in Business and Generation Customers (Mthembu et al., 2018).

Fig. 7. Typical Business and General Customer load profile.

including shops, factories, hostels, boarding houses, restaurants,
office buildings, religious buildings, and general supplies. Figs. 3
and 4 indicate that the B&G sector accounts for 23% of electric-
ity sales while it accounts for 24% of the revenue brought into
the Municipality. Therefore, there is a need to investigate the
payback period of B&G rooftop PV customer installations with
and without the newly proposed NBT. This will help ascertain
B&G customers’ financial feasibility of installing rooftop PV and
estimate the potential uptake going forward. Fig. 7 is a typical
commercial/business load profile, which reflects that the load de-
mand begins to rise from ∼7 am to ∼4:30 pm. This coincides with
he sunlight hours and the generation profile of solar PV. Thus,
nlike with the residential load profile, the generated electricity
rom the solar panels can be utilized by the consumer, with the
otential to export generated electricity to the grid on weekends,
hen the business is closed (Mthembu et al., 2018).
There are currently 1062 bulk customers at the eThekwini

unicipality who uses 4448 GWh of electricity combined annu-
lly, as reflected in Fig. 8. It can further be seen that there has
een an increase in the number of bulk customers over the year

ut a decline in the total GWh energy sold. There is a need to
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Fig. 8. Growth in Bulk Customers (Mthembu et al., 2018).

Fig. 9. Bulk customer load profile vs solar PV generation profile.

Fig. 10. Breakdown of TOU tariff structure for low demand season (eThekwini
Municipality Electricity Unit, 2019).

investigate the potential for further revenue loss from eThekwini
Municipalities bulk customer rooftop solar PV installations. This
will be achieved by calculating the customer’s rooftop solar PV’s
payback period to ascertain the potential for massive uptake
amongst the bulk customers going forward. Fig. 9 reflects a typi-
cal bulk customers (shopping mall) load profile, which illustrates
that the load demand is a near perfect match to that of the solar
PV generation profile. Thus all the generated electricity from the
solar panels can be utilized by the consumer. Fig. 10 reflects the
breakdown of the Industrial Time of Use tariff structure billing
period breakdown for peak, standard and off-peak periods for the
low demand season (August–May), while Fig. 11 reflects the high
demand season (June–August). An investigation will be carried
out to investigate the ITOU tariff structure and the newly pro-
posed Industrial Net Billing Tariff (INBT) and look at the impacts
on the payback period of the customers solar PV with and without

the INBT (eThekwini Municipality Electricity Unit, 2019).

4964
Fig. 11. Breakdown of TOU tariff structure for high demand season (eThekwini
Municipality Electricity Unit, 2019).

Table 2
Rooftop solar PV monthly generation Sewchurran (2016).
Month 3 kW PV system

(kWh)
4.6 kW PV system
(kWh)

January 482 672
February 453 632
March 508 707
April 458 638
May 445 619
June 429 598
July 453 631
August 468 652
September 434 604
October 448 624
November 434 604
December 475 662

Total 5487 7645

3. Residential customer solar PV case study

For this case study, a study of a customer’s financial feasibility
installing a 3 kWp rooftop PV system with and without the pro-
posed eThekwini Electricity NBT is evaluated. This study excludes
the prepaid residential tariff customers since their electricity
usage is too low to justify rooftop solar PV installation. There is
a mismatch between the PV generation peak at midday, and the
residential peak demand, which is at ∼7 am and ∼8 pm, as illus-
rated in Fig. 5. Due to the mismatch in the customer demand and
olar PV generation, this result in excess energy being exported
o the municipal grid. Thus, the customer uses the municipal
rid as an energy storage facility and uses electricity from the
rid when load demand exceeds solar PV generation. The case
tudy is carried out for 50%, 75%, and 100% generated electricity
sage. Durban climate is humid subtropical, with hot summers
nd mild winters. There is an average of 2343 h of sunlight a year,
ith an average of 6.4 h of sunlight a day. The average value of
urban’s global radiation is 4.45kWh/m2/day, which equates to
n annual average of 1625 kWh/m2/year (Zawilska and Brooks,
011). Table 2 shows the kWhs of electricity generated from a 3
Wp and 4.6 kWp rooftop PV system. A 3 kWp rooftop solar PV
ystem is used in this study at a cost of R15/Wp installed capacity.
he assumptions made in this study is that the system is paid for
n cash by the customer, cleaning and maintenance of the system
ill carried out by the customer and the equipment used have
minimum warranty of 10 years. The results in Table 4 were
btained using the PVsyst software simulation package. A typical
kWp rooftop solar PV system will produce 5487 kWh annually,
hile a 4.6 kW rooftop solar PV system will produce 7645 kWh
nnually.
eThekwini Municipality purchases Eskom’s electricity on a 275

V Mega Flex Time of Use tariff structure and created residential
lectricity tariffs with single-rate tariffs with no fixed charge. This
equired simple and cheap electricity rotating disk meters, which
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Fig. 12. Predicted future Import electricity tariff increases.

Fig. 13. Predicted future electricity feed-in tariff increases.

were read once every three months. Bills were based on average
consumption until the meter was read. The single-rate cost of
electricity to the residential customer is currently R1.97 kWh in
the 2018/2019 financial year. This cost/kWh charge includes the
cost of energy that the municipality purchases from Eskom and
network-related charges, including administration costs, interests
paid on loans, employee costs, repairs, and maintenance. With
a reduction in the sale of electricity in the residential sector,
the municipality still incurs all costs except for the Eskom en-
ergy purchases to make the customers supply available. With
increasing embedded generation installations in the city, there
has been increasing pressure to implement a more cost-reflective
tariff to the Prosumers. The proposed introduction of a NBT by the
eThekwini Municipality is made up of three parts:

(a.) A Network Access Charge component
(b.) An electricity Import Tariff component
(c.) An electricity Export Tariff component

The customer’s monthly bill is, therefore:

onthly bill = Network Access Charge
+ Total import energy charges

− Total export energy charges (1)

To evaluate the financial feasibility, a projection has to be
made for future increase in the municipal tariff, the NBT, and
the NAC. Table 1 reflects the tariff increase over the past 4 years
at the eThekwini Municipality. For the study, the future NBT is
estimated to increase in three scenarios; low (1.88%), medium
(7.35%), and high (13.07%). The low scenario increase was se-
lected using the lowest tariff increase over the past 4 years, the
 r

4965
Fig. 14. Predicted NAC increase.

Fig. 15. Low increase scenario with 50% usage.

edium scenario was selected using the average tariff over the
ast 4 years, and the high scenario was selected using the highest
ariff increase over the past 4 years, where the current import
lectricity tariff for the 2019 financial year is R1.97/kWh.
Fig. 12 projects the tariff increase for the three different tariff

ncrease scenarios; low, medium, and high till 2031. Fig. 13
eflects the NBT, which is R0.84/kWh increase until 2031. Fig. 14
hows the NAC increase until 2031. The current NAC is R81.75/kVA
nstalled capacity.

.1. Case study 1: 3 kWp PV system with 50% electricity generation
sage

With the customer using 50% of the generated electricity from
he PV system, Fig. 15 reflects the results for the payback period
or the low increase scenario. Fig. 16 is for the medium usage
cenario, while Fig. 17 is for the high increase scenario. The
esults reflect an increase in the payback period with the NBT.

.2. Case study 2: 3 kWp PV system with 75% electricity generation
sage

With the customer using 75% of the generated electricity from
he PV system, Fig. 18 reflects the results for the payback period
or the low increase scenario. Fig. 19 shows the medium usage
cenario, while Fig. 20 shows the high increase scenario. The

esults reflect an increase in the payback period with the NBT.
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Fig. 17. High increase scenario with 50% usage.

Fig. 18. Low increase scenario with 75% usage.

.3. Case study 3: 3 kWp PV system with 100% electricity generation
sage

With the customer using 100% of the generated electricity
rom the PV system, Fig. 21 reflects the results for the payback
eriod for the low increase scenario. Fig. 22 reflects the medium
sage scenario, while Fig. 23 reflects the high increase scenario.
he results reflect an increase in the payback period with the NBT.
4966
Fig. 19. Medium increase scenario with 75% usage.

Fig. 20. High increase scenario with 75% usage.

Fig. 21. Low increase scenario with 100% usage.

3.4. Summary of results for a 3 kW residential solar PV system

In the case study for customer with rooftop solar PV, which
was carried out for 3 scenarios (50%, 75%, 100% generated elec-
tricity used by the customer) and three tariff increase scenarios
(low 1.88%, medium 7.35%, high 13.07), Table 3 gives a summary
of the results. The cost of maintenance was not considered in the
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Table 3
Rooftop solar PV monthly generation.
Tariff increase
scenario

Usage 50% 75% 100%

Feed in tariff Payback
period

Payback
period

Payback
period

Low 1.88% With FIT 10 7 6
Without FIT 8 6 5

Medium
7.35%

With FIT 8 6 5
Without FIT 7 5 4

High
13.07%

With FIT 7 6 5
Without FIT 6 5 4
3
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Fig. 22. Medium increase scenario with 100% usage.

Fig. 23. High increase scenario with 100% usage.

ase studies. All case studies indicate an increase in the payback
eriod with the proposed NBT due to the introduction of the NAC.
n the low increase scenario, the payback period is increased by
additional years with 50% electricity usage, while for all other

cenarios and tariff increases, there is an additional year increase
o the payback period.

. Case study of business and general net billing tariff

A study was conducted to determine the payback period with
nd without the proposed new B&G NBT. This requires predicting
he tariff increase for a low, medium, and high scenario. The low
ncrease scenario is 1.88%, a medium increase scenario is 7.35%,
nd a high increase scenario is 13.07%. The first B&G tariff to be
onsidered is the Scale 2 Tariff. Scale 2 B&G tariff is made up of
 c

4967
Fig. 24. B&G Scale 2 Peak Energy Charge.

Fig. 25. B&G Scale 2 Off-Peak Energy Charge.

parts: a peak energy rate, an off-peak energy rate, and a fixed
ervice charge, as reflected in Table 4.
This is followed by estimating the tariff increase over the

ext ten years for a low, medium, and high increase scenario.
he results of the peak energy rate increase are seen in Fig. 24.
he off-peak energy rate results are shown in Fig. 25, and the
ervice Charge increase in Fig. 26 for the low, medium, and high
ariff increase scenario. Scale 1 B&G tariff is seen in Table 5. This
stimates the tariff increase over the next 10 years for a low,
edium, and high increase scenario. The Scale 1 tariff structure is
nlike the Scale 2 tariff structure in that it does not have a peak
nd off-peak energy rate. However, it is a single rate tariff. Figs. 27
nd 28 illustrate the Scale 1 B&G tariff increase, and the Service
harge increase over the next ten years. The new B&G NBT was
erived from the Scale 1 tariff and uses the same customer import
nergy charge and Service Charge rates but includes a customer
xport energy charge and NAC, as seen in Table 8, Figs. 29 and
0.
The rationale for the proposed B&G NBT is that there are

osts associated with making an electricity supply available. The
osts involved in making the electricity supply available to the

ustomer can be divided into two main categories, namely; bulk
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Table 4
The tariff structure for scale 2 B&G tariff eThekwini Municipality Electricity Unit (2019).
Scale 2 tariff Amount

Peak rate (07h00–20h00 weekdays) R3.215151/kWh
Off-peak rate (20h00–07h00 weekdays and all day weekends) R0.96278/kWh
Service charge R301.0815
Fig. 26. B&G Scale 2 Off-Peak Energy Charge.

Table 5
Business and general net billing tariff eThekwini Municipality
Electricity Unit (2019).
Scale 1 B&G tariff Amount

Energy rate/kWh R2.2261
Service charge R291.29

Table 6
Business and general net billing tariff eThekwini Municipality
Electricity Unit (2019).
Business and general net billing tariff Amount

Import energy rate/kWh R2.2261
Service charge R291.29
Export energy rate R0.6291
Network access charge rate R81.075

Fig. 27. B&G Net Billing Import Tariff.

energy charges and network charges. The bulk energy charge is
a direct pass-through cost to Eskom. In contrast, the network
charges can be divided into several costs incurred to make the
supply available, namely: repairs and maintenance, deprecia-
tion of assets, interest paid on loans, employee-related costs,
administration, and general costs.

When the customer installs a rooftop solar PV system, the
Municipality now sells less energy, and it becomes challenging
to recoup the network charges from energy sales only. The Mu-
nicipality is therefore required to implement a NAC. The NAC is
based on the size of the customer’s inverter. This discriminates
4968
Fig. 28. B&G Scale 1 Service Charge.

Fig. 29. Net Billing Export Tariff.

Fig. 30. B&G Net Billing Excess Charge.

between a customer with a small PV installation and a customer
with a large installation. Furthermore, the Municipality has im-
plemented a NBT to remunerate the customer for any excess
energy exported to the grid.

4.1. Case study 1: 55.2 kWp AC

A 55.2 kWp rooftop PV system was installed at a hotel in
Durban. Fig. 31 and Table 7 reflect a summary of the system
installed. This case study examines the payback period for the PV
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Fig. 31. Generation profile from a 55.2 kWp rooftop solar PV system.

Table 7
55.2 kWp rooftop solar PV system data.
55.2 kWp rooftop solar PV system data

System size (kWp AC) 55.2
Total generation (kWh) 93922
DC/AC ratio 1.25
Customers tariff Scale 1
Cost of installation (R) 662400

Table 8
55.2 kWp rooftop solar PV payback period.
Case Study 1: 55.2 kWp rooftop solar PV

Scenario 1 100% Energy usage

Tariff increase Payback period without FIT Payback period with FIT

Low 4 5
Medium 3 4
High 3 4

system with and without the eThekwini Electricity NBT for two
customer usage scenarios. The accelerated depreciated benefit
(ADB) from the South African Revenue Services, finance costings,
maintenance and operation costs were not considered in this case
study as this will vary from customer to customer. The assumed
warranty period of the equipment used is minimum 10 years.

4.1.1. 100% energy usage scenario
In this scenario, the customers use all of the generated elec-

ricity. It is assumed that the system was sized such that the
ustomer utilized all of the generation production and estimated
he payback period for three tariffs (low, medium, and high)
ncrease scenarios with and without eThekwini Electricity NBT.
ig. 32 and Table 8 reflect the payback period for 100% generated
lectricity usage by the customer with and without the NBT. It
s observed that the payback period increased by an additional
ear with the application of the NBT in the three tariff increase
cenarios. This is due to the additional monthly costs added by
he NAC component.

.1.2. 71.5% energy usage scenario
In scenario 2, the customer uses the weekday (71.5%) energy

roduction. In this scenario, the customer utilizes the weekday
nergy production only. Assuming that of the weekend produc-
ion is exported to the eThekwini Municipality grid. The payback
eriod under the three tariff increase scenarios with and without
he B&G NBT is calculated. The accelerated depreciation benefit
ADB) from the South African Revenue Services, finance costings,
aintenance and operation costs were not considered in this case
4969
Fig. 32. 55.2 kWp Rooftop Solar PV Payback period with and without the NBT
for 100% energy usage.

Fig. 33. 55.2 kWp rooftop Solar PV Payback period without FIT for 71.5% energy
usage.

study as this will vary from customer to customer. The assumed
warranty period of the equipment used is minimum 10 years.

Table 9, Figs. 33 and 34 illustrate the payback period for 71.5%
of the customer’s generated electricity usage while the balance is
exported to the grid with and without the B&G NBT. The results
show that the payback period is increased by an additional year
in the three tariff increase scenario’s. This can be attributed to the
additional NAC charge that the customer is now liable to pay. A
portion of the NAC is off set from the electricity exported to the
grid but it does not cover the full cost of the NAC.

4.2. Case study 2: 250 kWp PV system

This study involves the installation of a 250 kWp solar PV
system at a business park. Since the business park consumes more
energy than the PV system generates, the business park exports
no electricity to the grid. This customer is on Scale 2 B&G tariff.
The data in Table 10 was used to calculate the system’s payback
period on the current Scale 2 B&G tariff. It was then compared
to the payback period if eThekwini Municipality had to move the
customer onto the new B&G NBT. The ADB from the South African
Revenue Services, finance costings, maintenance and operation
costs were not considered in this case study as this will vary
from customer to customer. The assumed warranty period for the
equipment used is minimum 10 years.
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Table 9
55.2 kWp rooftop solar PV payback period.
Case study 1: 55.2 kWp rooftop solar PV

Scenario 2 Week day energy usage-No FIT

Tariff increase Payback period without FIT Payback period with a FIT

Low 5 6
Medium 4 5
High 4 5
Fig. 34. Rooftop Solar PV Payback period with FIT for 71.5% energy usage and
28.5% export.

Table 10
250 kWp rooftop solar PV system data.
250 kWp rooftop solar PV system data

System size (kWp AC) 250
Total generation (kWh) 414526
Peak generation (kWh) 291 889
Off peak generation (kWh) 122889
DC/AC ratio 1.3
Customers tariff Scale 2
Cost of installation (R) 2500000

Table 11
250 kWp rooftop solar PV payback period.
Case study 1: 250 kWp rooftop solar PV

Scenario 1 100% Energy usage

Tariff increase Payback period
without FIT

Payback period
with FIT

Low 3 4
Medium 3 4
High 2 3

Figs. 35 and 36, and Table 11 reflect the payback period for
00% generated electricity usage by the customer with and with-
ut the B&G NBT. Results show that the payback period increases
y an additional year in the three tariff increase scenarios with
he NBT. This increase may be attributed to the NAC component
hat has been added to the customer’s bill.

. Case study of a bulk customer

For this case study, the financial viability is evaluated for a
ulk customer on the eThekwini Electricity industrial time of use
ITOU) tariff structure installing a 1 MW rooftop solar PV system
ith and without the proposed eThekwini Electricity INBT. His-
orically municipalities created industrial bulk electricity tariffs,
hich were unbundled to be cost-reflective of the actual costs
4970
Fig. 35. The rooftop PV Payback period on Scale 2 B&G Tariff.

Fig. 36. The rooftop PV Payback period on the B&G Net Billing Tariff.

incurred to supply electricity to the customers, unlike residential
and small business and general tariff structures (Tuson, 2014).
These customers were provided with expensive smart meters,
which allowed for accurate monthly billing of this complex tariff
structure.

5.1. eThekwini electricity industrial net billing tariff

The proposed INBT is a mechanism to remunerate bulk cus-
tomers who generate and export energy onto the municipal grid.
The remuneration is passed on as a credit transaction onto the
customer’s account. The rate of remuneration per kWh is as
per the ITOU tariff rates. The ITOU tariff structure is an un-
bundled tariff; however, it does include voltage varying fixed
grid/reticulation costs dependent on energy usage. A reduction in
energy usage creates an undue shortfall in grid contribution. An
Ancillary Network Access Charge (ANAC) becomes payable based
on the inverter size and voltage level of operation to counteract
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Table 12
eThekwini electricity industrial TOU tariff eThekwini Municipality Electricity Unit (2019).

Industrial time of use (ITOU)
For customers with a
notificed maximum demand
greater than 100 kVA

HIGH DEMAND SEASON JUNE–AUGUST

Import/Export energy rates (c/kWh) (Excl VAT)

PEAK STANDARD OFF-PEAK

323.88 104.38 60.76

LOW DEMAND SEASON SEPTEMBER–MAY

111.67 79.67 53.81

Network demand charge (R/kVA) Ancillary network
access charge

Voltage Percentage voltage
surcharge

96.65 – 275 kV 0

Network access
charge (R/kVA)

2.42 132 kV 2.25
3.22 33 kV 3

31.75 11.22 11 kV 10.5

Service charge (R) 12.43 6.6 kV 12.75

4500 24.13 400 V 22.5
Fig. 37. Projected low demand period INBT increases.

his. Table 12 shows a breakdown of the eThekwini ITOU tariff
tructure and the new INBT. A key difference between the existing
TOU tariff structure and the INBT structure is the ANAC, the
xport tariff rates equal to import tariff rates.
In order to determine its financial viability, an estimate of the

ncrease in municipal tariffs and the NAC must be carried out
or the future. The existing ITOU customers’ Network Demand
harge, NAC, Percentage Voltage Surcharge, and Service Charge
o not change with solar PV installation and hence not affect
he payback period of the solar PV. To determine the tariff in-
rease going forward, the estimated increase is calculated for
hree scenarios: a low (1.88%), medium (7.35%), and high (13.07%)
ncrease scenario. Figs. 37 and 38 illustrate the estimated INBT
eak, standard, and off-peak rates for the low demand and high
emand period for a low, medium, and high increase scenario.
Fig. 39 reflects the calculated ANAC increase for the low,

edium, and high increase scenarios over the next ten years.
hese calculated values will be utilized to calculate the payback
eriods for the 1 MW rooftop solar PV system installed by a bulk
ustomer.
4971
Fig. 38. Projected high demand period INBT increases.

Fig. 39. Projected Ancillary Network Access Charge increase.
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able 13
MW rooftop solar PV installation data.
System size 1 MWp

Inverter make Sungrow SG 80KTL-MSungrow SG 60KTL-M
Inverter size 80 kW and 60 KW
Number of inverters 11 x 80 kW and 2 x 60 kW
AC rating 1000 kW
Panel make Canadian solar CS6U
Panel rating 330 Wp
Number of panels 3980
DC rating 1313.5 W
DC:AC ratio 1.31:1
Cost of system R9000000

Fig. 40. Monthly energy production breakdown from a 1 MW PV system.

5.2. Energy production simulations from a 1 MWp rooftop PV system
in Durban

Fig. 40 reflects the monthly solar PV generation for the solar
V system as reflected in Table 13 using the PVsyst simulation
oftware package. Unlike residential customers, where there is
mismatch between the PV generation production and the cus-

omer load profiles, the PV production and the bulk customers
oad profiles closely correlate, resulting in most of the generation
roduced being utilized by the customer as seen in Fig. 9. Exam-
les of these include shopping malls, industrial factories whose
oad demand exceeds the 1 MWp generation limit set by the
ational Energy Regulator of South Africa. Installing a solar PV
ystem less than 1 MW does not require a generation license. The
oftware simulation considers AC system losses, DC system losses,
nverter losses, reflection losses, soiling losses, wiring losses, PV
anel mismatch, temperature losses, and the inclination and ori-
ntation production to provide a monthly solar-PV generation
stimate. Table 13 reflects the results obtained from a 1 MW
olar PV system. The simulation results show that the 1 MW
ooftop solar PV system’s total annual generation production
s 1699563.02 kWh. Fig. 40 illustrates the monthly generation
igures and percentage of total generation. The ADB from the
outh African Revenue Services, finance costings, maintenance
nd operation costs were not considered in this case study as
his will vary from customer to customer. The assumed warranty
eriod of the equipment used is minimum 10 years.

.3. Classification of PV generation into ITOU tariff periods

To calculate the payback period for a 1 MW rooftop PV system,
he kWh monthly production in Fig. 41 needs to be classified
nto the respective ITOU (peak, standard and off-peak) periods as
een in Figs. 10 and 11. It is challenging to break down energy
4972
Fig. 41. 1 MW Solar PV system payback period without INBT.

production into the correct tariff billing periods to accurately
work out the payback period. The first step is to use PVsyst
software to simulate the monthly solar PV generation per hour.
This is reflected in Table 14. It provides an hourly generation
production break down per month.

Table 15 reflects the breakdown classification for each month
in terms of weekdays, Saturdays, and Sundays according to the
ITOU tariff using the 2019/2020 financial year tariff booklet,
which defines how to classify the public holidays into either
Saturday or Sunday for ITOU billing. Table 15 also provides the
monthly breakdown of solar PV generation, which will be utilized
for the calculations in Tables 16 and 17.

Table 16 presents the procedure to breakdown the monthly
generation into the ITOU billing periods. The ratios of each is
used to calculate the ratios seen in column 3 of Table 16. This
is then multiplied to obtain the kWh Production for each period.
This process was then repeated for the other 11 months of the
year, and the results are then seen in Table 17. Table 17 reflects
the total annual production, with only 15.16% is generated during
the peak billing period, 64.96% during the standard billing period,
and 23.88% during the off-peak period. This is further broken
down to 13.6%, 47.11%, and 19.73% during low billing period peak,
standard, and off-peak periods; and 1.56%, 13.85%, and 4.15% high
demand season peak, standard, and off-peak periods.

5.4. Bulk customers 1 MWp rooftop solar PV payback period

Figs. 41 and 42, and Table 18 demonstrate minimal changes
to the bulk customer’s payback period for a 1 MW rooftop solar
PV system installed. There is only a change in the payback period
from 5 years to 6 years in the low and medium increase scenario
with the introduction of the INBT, which can be attributed to the
additional charges introduced by the ANAC. For the high increase
scenario, the payback period remains the same, even with the
addition of the ANAC. However, there is a reduction in revenue
to the customer over the project’s life with the addition of the
ANAC.

5.5. Calculation of the levelised cost of electricity from the 1 MWp
rooftop solar PV over the life of the project

To determine the cost of electricity from the customers 1 MWp
rooftop PV installation over the life span of the installation, the
following assumptions have been made to calculate the cost per
kWh for the project:
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Table 14
Durban average percentage hourly generation production from solar PV Sewchurran (2016).
Table 15
Monthly breakdown of days according to the ITOU tariff and generation production.
Table 16
Example of the method used to break down the monthly generation into the ITOU billing periods.
Fig. 42. 1 MW rooftop Solar PV system payback period with INBT.

(i.) The project life span is 30 years.
(ii.) Production degradation of 0.67% per year
4973
(iii.) PV panels have a 30-year production warranty (90% after
15 years and 80% after 30 years)

(iv.) Inverters have a 10-year warranty (replacement costs of
30% of capital cost)

(v.) Average annual repairs and maintenance costs over the
30 years are 4% of the capital cost

(vi.) The capital cost of the project is R9000000.

Using this data, it was calculated that over the 30-year life
span of the project, 46033514.17kWh would be produced while a
total repair and maintenance budget of R15,000,000 will be spent
over the term for cleaning of the panels, replacing of the inverters
twice during the life of the project and installation insurance,
monitoring, etc. The average single rate cost of the energy pro-
duced is R0.4275/kWh over the life of the project. Presently, the
ITOU tariff’s lowest rate is the low demand season off-peak rate,
which is R0.53/kWh. Table 18, however, shows that, for the total
annual production, 15.16% is generated during the peak billing
period, 64.96% during the standard period, and 23.88% during the
off-peak period. This equates to 13.6%, 47.11%, and 19.73% during
low demand season peak, standard, and off-peak periods; and
1.56%, 13.85%, and 4.15% during the high demand season peak,
standard, and off-peak periods.

This indicates that the project is financially viable for the INBT
customers to install solar PV systems, given the uncertainty in the
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Table 17
Monthly generation production and breakdown of peak, standard and off-peak tariff periods.
Table 18
1 MW rooftop solar PV payback period with/without INBT.
1 MWp rooftop solar PV payback

Tariff increase Payback period without INBT Payback period with INBT

Low (1.88%) 6 6
Medium (7.35%) 5 6
High (13.07%) 5 5
future Eskom Tariff hikes and energy shortages in South Africa.
There are other benefits to the customer and society, such as:

(a.) Reduction in greenhouse gas emissions (GHG).
(b.) Reduction in carbon footprint.
(c.) Reduced Carbon Taxes.
(d.) Potential to integrate the PV system to operate with the

diesel standby generator to reduce electricity production
costs during load shedding.

(e.) Reduced electricity bills.
(f.) Cheaper electricity over the life of the project.
(g.) Higher rate of return (16.82% in year 1 excluding 28% ADB)

of the capital investment, which is better that what is
offered by banks (PKF South Africa, 2019).

. Summary of case study results

The financial analysis of the different case studies carried out
s summarized in Table 19. The results indicate that the best
ate of return (ROR) and levelised cost of electricity is achieved
hen the customer sizes his PV system such that he consumes
ll of the generated electricity. This can be achieved by ensuring
hat a complete energy audit of the property is carried out and
nergy efficiency products are retrofitted before carrying out data
ogging in order to correctly size the PV system. Table 19 indicates
hat in the case of a residential solar PV installation, the payback
eriod can range from 5 years up to 10 years dependent on the
4974
amount of the generated electricity utilized by the customers. The
LCOE is R0.76/kWh over the 30 year life of the project and the
ROR is 17.48% for the first year. The residential consumer unlike
the business/bulk consumers do not qualify for the accelerated
depreciated benefit (ADB) from the South African Revenue Ser-
vices hence the lower first year ROR compared to the B&G and
Bulk customer categories.

The B&G Scale 1 and Scale 2 customers have lucrative payback
periods between 4–6 years on the new B&G NBT structure. These
tariffs offer the customers R0.57/kWh and R0.49/kWh LCOE over
the 30 year period. These payback periods are also dependent on
the customer consuming all of the energy that is generated. The
lucrative payback period on the B&G NBT can be attributed to the
use of the generated electricity by the customer and off setting it
against his higher import tariff instead of the lower NBT. The NAC
adds to the customers payback period by a small margin. The ROR
for the B&G Scale 1 and B&G Scale two tariffs 51.46% and 55.18%
in the first year due the accelerated depreciation benefit from the
South African Revenue Service and the saving from the energy
purchased from the grid. The ROR will be lower in the second
year onwards due to there being no ADB and maintenance costs,
inverter replacement costs, monitoring, insurance, etc.

The bulk customer category has a slightly longer payback
period than the B&G sector with a payback period of between
5–6 years but offers the lowest LCOE from the other sectors. The
LCOE over the 30 year period is R0.43/kWh. The higher payback
period is due to the lower costs of energy during the low demand
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Table 19
Case study financial feasibility summary.
kW rooftop solar PV system 3 55.2 250 1000
DC rating (kWp) 3.75 69 325 1313.5
AC rating (kW) 3 55.2 250 1000
Tariff structure Residential B&G scale 1 B&G scale 2 Industrial TOU
Production by kW 1829 1701 1658 1700
R/kW installed capacity 15000 12000 10000 9000
YEARS 30 30 30 30
Annual generation production (kWh) 5487 93922 414526 1699563
Total cost of system (R) 45000 662400 2500000 9000000
Accelerated depreciation benefit ( R) 0 216384 700000 2520000
Total production over 30 years (kWh) 148618 2543924 11227644 46033514
Production warranty after 15 years (%) 90 90 90 90
Production warranty after 30 years (%) 80 80 80 80
Annual maintenance costs (%) 4 4 4 4
Inverter replacement costs (Year 10 and 20) (% of system cost) 30 30 30 30
Total cost over 30 years (R) 112500 1439616 5550000 19980000
LCOE over 30 years (R/kWh) 0.76 0.57 0.49 0.43
ROR tax depreciation year 1 (%) 0 28 28 28
ROR YEAR 1 excluding tax depreciation (100 generation usage) 17.48 23.46 27.18 16.82
Total ROR year 1 17.48 51.46 55.18 44.82
Payback period range (years) with net billing tariff 5–10 5–6 4–5 5 −6
Table 20
Factors influencing solar PV payback period.

Factor Influence

1 The capital cost of the system. The higher the capital cost of the installation the longer the payback period.
2 The size of the system. The cost (R/W) installed solar PV reduce with larger system sizes and hence the payback

period.
3 DC:AC ratio of the system. The DC:AC ratio of the PV system affects the total annual kWh generated. Higher DC to AC

ratio of the PV system produces more kWh which will reduce the payback period.
4 Actual PV panel annual percentage

performance degradation.
The actual percentage annual performance degradation of the PV system will affect the
annual kWh generated by the PV system and hence the payback period.

5 Actual annual electricity tariff increases. Higher annual electricity tariff increases will reduce the PV system payback period.
6 Shading, and cleanliness of the solar panels. This will reduce the kWh production and hence increase the payback period.
7 The orientation and inclination angle of the

panels (for optimum insolation).
The optimum is 30N̊orth facing panels which will produce the maximum kWh that can be
obtained from the PV system, deviation from this optimum will reduce the annual kWh
produced and increase the payback period.

8 The percentage of generated electricity
utilized.

The shortest payback period is obtained when 100% of the generated electricity is utilized.

9 Potential changes to the electricity tariffs. Any reduction in the export energy rates or increase in the NAC will increase the payback
period.

10 The warranty period of equipment. The longer the warranty period of the solar equipment used, the lower the maintenance costs
(cost to replace solar equipment and extend the warranty) and will hence reduce the payback
period.

11 The cost of finance and insurance. Should the customer finance his PV system, this will increase the payback period depending
on the cost of the finance. Other costs such as insurance of the system will also increase the
payback period.

12 Efficiency of the solar equipment used The higher the efficiency of the solar panels and inverters the more the annual energy
produced and hence reduce the payback period. Also the efficiency of the solar system design
will also affect the overall production depending on the DC and AC cable losses, etc.
months (September–May) which ranges from R0.5381/kWh to
R1.1167/kWh (Excluding VAT) vs the all year round off-set of
R2.2261/kWh on the B&G NBT structure. The first year ROR is
44.82% which is affected by the lower energy costs during most
of the year on the INBT.

The simple payback periods calculated may however be af-
ected by several other factors as depicted in Table 20.

. Conclusion

This paper investigates the simple payback period of eThek-
ini Electricity customers installing solar PV systems. This was
ue to the introduction of new NBT to customers opting to install
olar PV systems. Customers have also indicated that they often
ave challenges to calculate the payback period of PV systems
specially on more complex tariff structures such as the multi-
ate Business and General and ITOU. The investigations was hence
arried out and took the following into account:
4975
1. Tariff increases going forward for a low, medium and high
tariff increase scenario.

2. Different percentage usage of the generated electricity.
3. Assumption that the PV system was purchased by the

customer and no finance costs were incurred.

The following were not considered:

1. The cost of financing the solar PV system.
2. Energy storage systems.
3. Any subsidies for the PV system.
4. Carbon Tax benefits.
5. Carbon reduction benefits.
6. Carbon Credits.
7. Tax accelerated depreciation benefit for payback period

calculation.
8. Time value of money.

Whilst the following were taking into account when calculat-
ing the ROR and LCOE over the project life:
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4. Cost of operation and maintenance of the PV system over
the life of the project.

5. The LCOE over a 30 year life of the project.
6. The annual performance degradation of the solar panels.
7. Year 1 ROR for the solar PV system taking into account the

Tax accelerated depreciation benefit.

This study revealed that the payback period for customers
installing rooftop solar PV systems is extremely lucrative even on
the new Municipal NBT. These systems offers lower LCOE over
the life of the project than the current electricity costs that the
customer pays.

In the case of the residential sector, the payback period varies
between 5–10 years based on the amount of customers genera-
tion usage when calculated from 50% to 100% respectively. It also
has a much lower than municipal energy costs of R0.76/kWh over
the 30 year life of the project and a year 1 ROR of 17.48%.

In the Business and General sector, the payback period is
between 4–6 years with larger systems offering a lower payback
period in comparison to a smaller system. These systems offered
much lower than municipal energy costs of between R0.49 kWh–
R0.57/kWh and year 1 ROR of between 51.46%–55.18%.

Whilst the payback period for the Bulk Energy users on the
TOU tariff structure ranging between 5–6 years. These systems
offered the cheapest energy rate over the 30 year life of the
project of R42c/kWh which is currently lower than the low de-
mand season off-peak energy rates. The systems also offer a year
1 ROR of 44.82%.

Hence the eThekwini Municipalities new NBT is fairly de-
signed to assist both the municipality and the customer in that
it helps the customer with compensation for excess energy ex-
ported to the grid. Whilst it assists the municipality with addi-
tional revenue from the NAC to compensate for the reduction
in electricity sales to the customer to make up for the fixed
costs incurred in making the electricity supply available to the
customer. The studies carried out will assist the eThekwini Mu-
nicipality customers in making informed decisions with regards
to installing solar PV systems. Implementation of new unbundled
tariff structures are critical to ensure Prosumers are paid for ex-
cess energy exported to the grid and also assist the Municipality
to remain financially stable. However, this model could change in
the next 3–5 years with the declining price of energy storage. The
Municipality needs to explore other revenue streams to remain in
business.

CRediT authorship contribution statement

Sanjeeth Sewchurran: Conception and design of study, Acqui-
sition of data, Analysis and/or interpretation of data, Writing –
original draft, Writing – review & editing. Innocent E. Davidson:
Conception and design of study, Acquisition of data, Analysis
4976
and/or interpretation of data, Writing – original draft, Writing –
review & editing.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgment

All authors approved the version of the manuscript to be
published.

References

anon, 2020. Transmission and Distribution in East Africa | ESI-Africa.com. [On-
line]. https://www.esi-africa.com/resources/conference-papers/transmission-
and-distribution-in-east-africa/. (Accessed 26 September 2020).

anon, 2021. The Business Case for Solar PV in South Africa, Industrial Brief
2020 by Green Cape, [Online]. https://www.greencape.co.za/assets/SOLAR_
PV_INDUSTRY_BRIEF_web.pdf. (Accessed 18 July 2021).

Davidson, I.E., 2020. A review of long-distance UHVDC technology - A future
energy disrupter, in: Clemson University Power Systems Conference, PSC
2020.

Gama, P.H.R.P., Flores, E.M., Guaraldo, N.J., Pérez, G.A., Vicentini, E., Mat-
sumoto, C., 2011. Criteria development and assessment models for technical,
economic and commercial distributed generation aiming virtual power
generation, in: 2010 IEEE/PES Transmission and Distribution Conference and
Exposition: Latin America, T and D-LA 2010, 2011, pp. 787–792.

Ismael, S.M., Abdel Aleem, S.H.E., Abdelaziz, A.Y., Zobaa, A.F., 2019. State-of-the-
art of hosting capacity in modern power systems with distributed generation.
Renew. Energy 130, 1002–1020.

Kritzinger, K., 2017. Solar photovoltaic technologies. Policy Brief.
Mahmud, K., Khan, B., Ravishankar, J., Ahmadi, A., Siano, P., 2020. An internet of

energy framework with distributed energy resources, prosumers and small-
scale virtual power plants: An overview. Renew. Sustain. Energy Rev. 127,
109840.

Mthembu, M., et al., 2018. 2018 Annual Report Ethekwini Electricity Unit.
eThekwini Municipality Electricity Unit, 2019. Tariff booklet 19/20.
PKF South Africa, 2019. Deduction for photovoltaic solar energy plants. https:

//pkf.co.za/news/2019/deduction-for-photovoltaic-solar-energy-plants/. (Ac-
cessed 26 October 2020).

Sewchuran, S., Davidson, I.E., 2021. Comparative analysis of solar PV production
in Durban to other cities in South Africa, in: International Conference
on Power Electronics and Renewable Energy Systems (ICPERES 2021),
Kattankulathur, India, 21-23 April 2021.

Sewchurran, S., 2016. Modelling and Performance Analysis of the EThekwini
Electricity Distribution Grid with Increased Embedded Generation Sources.
University of KwaZulu-Natal.

Tuson, P., 2014. Small scale on-grid solar photo voltaic embedded generation in
South Africa, Methodologies to stimulate the market, Gallagher Estate, South
Africa.

Zawilska, E., Brooks, M.J., 2011. An assessment of the solar resource for durban,
South Africa. Renew. Energy 36 (12), 3433–3438.

https://www.esi-africa.com/resources/conference-papers/transmission-and-distribution-in-east-africa/
https://www.esi-africa.com/resources/conference-papers/transmission-and-distribution-in-east-africa/
https://www.esi-africa.com/resources/conference-papers/transmission-and-distribution-in-east-africa/
https://www.greencape.co.za/assets/SOLAR_PV_INDUSTRY_BRIEF_web.pdf
https://www.greencape.co.za/assets/SOLAR_PV_INDUSTRY_BRIEF_web.pdf
https://www.greencape.co.za/assets/SOLAR_PV_INDUSTRY_BRIEF_web.pdf
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb5
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb5
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb5
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb5
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb5
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb6
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb7
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb7
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb7
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb7
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb7
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb7
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb7
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb9
https://pkf.co.za/news/2019/deduction-for-photovoltaic-solar-energy-plants/
https://pkf.co.za/news/2019/deduction-for-photovoltaic-solar-energy-plants/
https://pkf.co.za/news/2019/deduction-for-photovoltaic-solar-energy-plants/
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb12
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb12
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb12
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb12
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb12
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb14
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb14
http://refhub.elsevier.com/S2352-4847(21)00602-8/sb14

	Technical and financial analysis of large-scale solar-PV in eThekwini Municipality: Residential, business and bulk customers
	Introduction
	Background
	Residential customers
	Business customers

	Residential customer solar PV case study
	Case study 1: 3 kWp PV system with 50% electricity generation usage
	Case study 2: 3 kWp PV system with 75% electricity generation usage
	Case study 3: 3 kWp PV system with 100% electricity generation usage
	Summary of results for a 3 kW residential solar PV system

	Case study of business and general net billing tariff
	Case study 1: 55.2 kWp AC
	100% energy usage scenario
	71.5% energy usage scenario

	Case study 2: 250 kWp PV system

	Case study of a bulk customer
	eThekwini electricity industrial net billing tariff
	Energy production simulations from a 1 MWp rooftop PV system in Durban
	Classification of PV generation into ITOU tariff periods
	Bulk customers 1 MWp rooftop solar PV payback period
	Calculation of the levelised cost of electricity from the 1 MWp rooftop solar PV over the life of the project

	Summary of case study results
	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	References


