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Abstract: Worsening power shortages in South Africa have
precipitated a faster move to alternative electricity supply
technologies, especially solar rooftop generation. This study
seeks to quantify and explore the timeframe of this growth in
solar rooftop installations over the past few years through the
inspection of the most recent as well as historical Google Earth
imagery. The investigation also attempts to project the rate of
embedded solar installations over the next few years, a poorly
understood (yet key) factor in South African electricity demand
models. Trends in commercial solar installations are analysed by
examining bird's eye images of South Africa's larger shopping
malls, also exploring whether there are regional differences
attributable to site solar irradiance or other factors. Domestic
solar installation growth in recent years is estimated by counting
households with visible rooftop panels and determining the rate
of increase in solar rooftop installations in the demographically
well-studied Johannesburg suburb of Parkhurst. Aspects
investigated include determining the extent to which rooftop
installations have been optimally aligned to receive maximum
solar irradiance. The study finds that shopping malls constitute
~60% of the embedded solar facilities with total capacity in the
range 0.5-5 MW, and that the dramatic increase in solar
installations in malls coincided with the stalling of the REIPPPP
programme in 2015. The upturn in domestic household solar
installations is much more recent, with the number of households
with solar power having more than doubled in the last 10 months.
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1. Introduction

South Africa enjoys some of the best conditions in the world for
solar energy generation [1].

From around 2010, many countries around the world have
experienced major booms in solar rooftop installations, even
when climatic conditions did not favour this mode of electricity

generation. This has been driven by the need to avoid electricity
generation from greenhouse gas emitting fossil fuel sources, as
well as a rapid drop in the cost of solar power generating
equipment [2].

Compared to other countries, the move towards renewable
energy has been unnaturally slow in South Africa. Reasons for
this are complex and include government messaging that can
sometimes be interpreted as anti-renewables. Its clearest
manifestation is the stalling of the Renewable Energy
Independent Power Producer Procurement Programme
(REIPPPP), the flagship government initiative set up to drive the
development of solar farms and other renewable energy projects
[3]. As aresult, only very few new large solar farm builds were
started between 2015 to 2018.

The biggest inhibitor of a solar panel rollout has however been
the until recently reliable and comparatively cheap supply of
electricity by the state power utility Eskom. Eskom’s vigorous
expansion of the electricity grid into previously underserviced
rural areas in the early 2000’s also removed a key incentive for
alternative sources of power supply in remote areas, a recognised
niche for solar energy devices [4].

In the last few years the situation has however changed
dramatically. Power cuts have progressively worsened to the
point where they have become the daily norm [5], and electricity
tariffs have been rising annually at well above the national
inflation rate [6].

The last year in particular, when power shortages reached record
levels and talk of a possible grid collapse entered public
discourse, has seen a dramatic surge in the installation of rooftop
solar panels. The boom is expected to be further boosted by the
introduction of tax incentives to households that install solar
power equipment domestically [7].

This study seeks to quantify the recent growth in solar rooftop
installations in South Africa and better understand its drivers.



2. Analytical method

Given the dearth and unreliability of official statistics on rooftop
installation, the research method followed here consists of two
approaches. Firstly, I have compiled a list of large entities that
have set up solar installations in the capacity range 0.5-5 MW on
their operational properties (usually on the roof) [8]. These
entities include factories, corporate headquarters, warehouses,
farms, but above all shopping malls. Secondly, I have carried out
an ‘in-the-field> census of solar rooftop installations in
residential suburb of Johannesburg. More details follow below.

In common to both approaches, I visually inspected bird’s eye
imagery accessed through the Google Earth© application in
which solar installations are generally well visible. Furthermore,
Google Earth also allows access to earlier imagery, thereby in
many instances enabling the determination of the approximate
date on which a solar installation was made.

2.1. Shopping mall survey

I have over the past few years built up a list of large solar power
installations in South Africa where I have included every facility
that could be identified from internet searches provided it had a
reported capacity of 0.5 MW or above [8].

This list is extensive, and at present includes 229 entries in the
category of private on-site installations in the range 0.5-5 MW.
This collection will hereafter be referred to as the “Base List”.
Note that this Base List excludes larger solar farms with capacity
of 5-100 MW such as the ones established under REIPPPP
(details of which can also be found at [8]).

Importantly, the Base List is not complete, nor is it a statistically
homogeneous sample. It is expected that it currently only
contains about half of the actual solar facilities with capacities in
the range 0.5-5 MW. It is going to exclude all facilities for which
no information concerning their existence and capacity was
discovered during the internet searches.

Another drawback of the information compiled in the Base List
is that some facilities extended their capacities some time after
the initial solar installations. An example is illustrated in Figure
1, where the initial solar capacity was more than doubled a few
years later. The capacity listed in the Base List may therefore not
be current one.

A further likely source of bias is that information on some of the
latest solar installations have not been captured anywhere on the
internet, either because the relevant websites have not been
updated recently or because solar installations are no longer
considered ‘newsworthy’.

Despite this, the Base List constitutes a useful starting point for
investigating the growth in solar installations in South Aftrica.

Typical sources used in compiling the Base List include the
recordals of completed solar projects found on the websites of
many solar infrastructure developers. These are not expected to
have any bias in favour of specific categories of clients (e.g.
shopping malls versus factories). Note however that, while most
such companies have a national footprint, they may operate with
a regional focus. Despite the various reservations regarding
potential bias, given the large number of entries listed in the Base
List, the sample investigated may be considered as reasonably
representative of South Africa’s private solar power installations
in the capacity range 0.5-5 MW.

Fig. 1. Examples of Google Earth images of a mall that
underwent two phases of solar rooftop installations: Mams
Mall, Mamelodi, Tshwane, 2018, 2021, 2023 (left to right).

The shopping malls listed in the Base List were then inspected
in Google Earth imagery. In particular, the earliest image was
identified in which the solar installations were visible. The year
in which this image was taken was then recorded as the
installation year of solar rooftop panels of the shopping mall in
question. It is however possible that if the last image not showing
any solar panels was in an earlier year, the actual installation
happened earlier than assumed. Given that most shopping malls
are in urban areas where Google Earth imagery is updated every
few months rather than every few years, such instances should
be infrequent and would not dramatically affect the values given
in Table 1.

2.2. Domestic solar rooftop

In order to attempt to quantify the growth in domestic solar
rooftop in South Africa, this study uses Google Earth images
recorded periodically over the last few years to count households
with installed solar panels in the Johannesburg neighbourhood
of Parkhurst. This suburb was chosen due to its relatively high
density compared to typical income, and as its character,
demographics and even the residents’ attitudes towards solar
power have been well studied [9, 10, 11]. In particular, residents



in the suburb tend to have higher-than-average income and
would also be more receptive to pro-environmental arguments
and mitigating climate change. It is therefore the type of
neighbourhood that would be expected to lead any national
trends towards comprehensive solar rooftop installations.

Thirty street blocks in the suburb were chosen to constitute the
sample of residential houses for this study. In common with the
rest of the suburb, houses here mostly have roofs pitched at
angles similar to the local latitude angle, meaning that a panel
placed on a north-facing roof would face the Sun directly at solar
noon around the time of the solar equinoxes. Only the properties
on the southern side of the road were included, as the north-
facing parts of the roof, where solar panels are most likely to be
located, cannot be easily viewed when a house is north of a road.
These southern sides of a street block usually consisted of 12
houses, although in isolated instances there were only 8 or 9
residential properties. Their location is illustrated in the Google
Earth image displayed in Figure 2. The total count of residential
houses in these 30 blocks amounted to 343.

Fig. 2. Google Earth image of Parkhurst, Johannesburg,
illustrating in blue highlight the street blocks used to
generate the sample for this study.

As with the shopping mall sample, the latest available Google
Earth image covering Parkhurst (recorded in October 2022) was
scanned for what looked like solar panels set up on the property.
Thereafter imagery dating back to 2014 was inspected to
determine the earliest image in which the solar panels are visible.
The installation date was then assumed to be at the midpoint in
time between the last image showing no sign of panels on the
property and the earliest one where the solar installation is seen.

In order to quantify solar installations since the last Google Earth
image of Parkhurst currently available, I walked along the street
of all 30 street blocks and recorded all solar rooftop installations
not seen on the Google Earth images. This exercise also formed
an additional check of the correctness of the Google Earth-based

solar panel installations — in some instances what looked like a
set of photovoltaic panels turned out to be a solar water heating
device. Furthermore, the walkabout showed that about 10% of
the solar installations unambiguously identified in the Google
Earth images were not visible from the street, mainly due to high
walls.

3. Solar rooftop at commercial shopping malls

3.1. Trends in the installations timeline covering the last
decade

The annual installations of solar rooftop capacity at shopping
malls included in the Base List are recorded according to
province in Table 1. The last three rows of Table 1 list the sum
of the earlier rows from 2014 to 2023, the total installations (i.e.
shopping malls plus other facilities with 0.5-5 MW capacity) on
the Base List for each province, and the fraction of the Base List
capacity made up by shopping malls in each province.

Table 1. Annual and provincial breakdown of the solar
rooftop capacity (in MW) installed in the studied sample of
South African commercial shopping malls (Note: 2023 data

only runs up to August of that year).

(in MW) GP wC Kz L other
2014 2.9 - - - 0.6
2015 - 1.3 - - 1.0
2016 19.3 - - - 1.2
2017 9.7 3.8 - 1.6 4.6
2018 6.8 24 2.2 34 54
2019 4.5 2.3 42 - 6.4
2020 9.0 24 3.2 3.7 6.4
2021 6.2 0.6 2.1 1.9 1.5
2022 8.1 - 13.0 2.9 0.7
2023 1.2 - 3.2 - 14

Mall total | 67.7 12.8 27.9 13.5 29.2

0.5-5SMW | 104.5 39.6 30.9 21.2 57.0

%(mall) 65% 32% 90% 64% 51%

Notes: GP — Gauteng; WC — Western Cape; KZ — KwaZulu
Natal; L — Limpopo; 0.5-5MW — total provincial capacity of on-
site, medium size (0.5-5 MW) installations included in the
sample; %(mall) — the percentage thereof installed at shopping
malls

While the entities in the other provinces given in the last column



are too small in number to extrapolate trends, it can be mentioned
that these amounted to 11.2 MW, 7.4 MW, 4.2 MW, 4.0 MW
and 2.4 MW in total in Mpumalanga, North-West, Northern
Cape, Free State and Eastern Cape respectively.

The annual national total of solar capacity at shopping malls
from the Base List is illustrated in Figure 3. One notes a big rise
in installations in 2016, after which the annual installation rate
initially remained relatively constant, but then fluctuated
substantially during the years of the national lockdowns at the
time of the Covid-19 pandemic. Installation rates for 2023 only
cover part of the year and furthermore many of the projects
completed in early 2023 might not yet appear on the web pages
from which the Base List has been compiled. The value for 2023
should therefore not be considered in the further analysis.

It needs to be noted however that the initial rapid acceleration in
the rollout of solar power generation facilities associated with
shopping malls has not persisted. It appears rather that the
average of ~20 MW added each year over 2016-2018 will be
more or less maintained when considering 2020-2023 as a
whole.
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Fig. 3. Annual total installation of solar rooftop at the malls
in the studied sample.

3.2. Trends observed in the rollout of medium-size solar
installations

This study finds that nationally approximately 60% of all
medium scale (0.5-5 MW) private on-site solar installations are
located on the roofs (and occasionally parking shade ports) of
large retail malls. Note that this excludes proper solar farms of 5
MW established as part of REIPPPP or ‘wheeling’ deals (where
a company owns a solar farm far from its base location that feeds
into the Eskom grid).

The fraction of shopping malls in the 0.5-5 MW capacity range
differs substantially in some regions, with this figure as low as
32% in the Western Cape and as high as 90% in KwaZulu Natal.
Possible reasons for this will be advanced later.
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4. Domestic solar rooftop in residential areas

The outcome of the visual inspection of available Google Earth
imagery for Parkhurst up to October 2022 and the in-the-field
count of installations visible from the street in August 2023 are
listed in Table 2.

Table 2. Solar rooftop installations in the 343 property
sample in Parkhurst, Johannesburg.

Google Properties Monthly Total
Earth image | with new solar | installation | properties
date installed since rate with solar
last image installed
2014 Jan 1 - 1
2015 Nov 3 0.13 4
2018 Mar 1 0.04 5
2018 Nov 2 0.25 7
2019 Jul 4 0.50 11
2020 May 7 0.70 18
2021 Apr 5 0.45 23
2021 Aug 3 0.75 26
2022 Apr 6 0.75 32
2022 Aug 8 2.0 40
2022 Oct 5 25 45
2023 Aug 51 5.1 96

4.1. Rooftop solar census

The total sample consisted of 343 properties that appeared to be
residential households, although in some cases the properties
might double up as small business operations. A minimum of 96
of these had solar rooftop panels installed, a penetration level of
28%. Of these, more than half had been installed in the 10
months between October 2022 and August 2023. Given that not
all solar installations are visible from the street, it is probable that
the true number of installations is just over 100, meaning a
penetration level of about 30%. This estimate is based on the
number of installations confirmed in the October 2022 Google
Earth imagery that can however not be seen from the street,
either because a property has high walls, or because the panels
are on the roof of an outbuilding behind the main building.

The striking recent growth in domestic installations is evident in
the plots in Figure 4. In this Figure, the green points represent
the total number of households with rooftop panels installed, also



given in the last column of Table 2. The red triangles, also listed
in column 3 of Table 2, represent the average number of
installations per month for the period between the recording of
the various Google Earth images. These were calculated by
dividing the number of new installations since the previous
image (given in column 2 of Table 2) to the number of months
that passed between the date for that entry and the date for the

previous image.
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Fig. 4. Growth of domestic solar rooftop installations in
Parkhurst, Johannesburg.

4.2. Rooftop solar panel orientation

The visual survey also allowed insights into the choices made
regarding the solar panel alignment in residential homes.

Of the 96 properties with identified solar rooftop installations,
56 appeared to have all their panels aligned towards the north or
close to north, facing the street (as seen in Fig. 2, the sampled
streets run approximately east-west). For 10 properties all panels
appeared to be aligned facing the morning Sun in the east, while
in 12 instances all panels appeared to face towards the afternoon
Sun in the west. The remaining 18 properties had panels facing
in multiple cardinal directions. It is likely that a number of
properties counted above as entirely north, east or west facing
actually have panels tilted in multiple directions, as not all
rooftop panels are readily visible from the street in some
instances.

The Google Earth images and on-site inspections highlight that
the area contains many high trees. Furthermore, some double-
storey structures exist, and because of the small property sizes
these can be located close to neighbouring houses. Trees and
neighbouring structures cast large shadows, which would have
impacted on a particular property’s panel location decision and
explains why comparatively many households chose to install
their solar panels facing the morning or afternoon Sun rather than
towards the normally optimal northern azimuth.
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5. Discussion

5.1. The drivers of solar rooftop growth in South Africa

The timelines illustrating the growth of solar rooftop
installations in Tables 1 & 2 and Figures 3 & 4, can be explained
by the changing influence of driving factors.

Prior to 2016 there was relatively little interest in private solar
installations, mainly due to financial considerations — electricity
purchases from a then very reliable Eskom were cheaper than if
this had been obtained through in-house solar power generation.

In 2016, with the effective suspension of large solar farm builds
through REIPPPP, the nascent solar industry actively sought
alternative customers, and found these in large private
organisations that had become aware of the international trend
towards generating electricity internally through solar rooftop
installations. By then the cost of solar power had dropped to the
point where large-scale installations could be shown to be
financially advantageous.

When REIPPPP was resumed in 2018, major solar power
developers again had the opportunity to engage in very large
projects, and the previously accelerating rate of installations in
the 0.5-5 MW range now stabilised. The economic downturn
during the Covid-19 pandemic, including the associated
uncertainty and loss of work hours due to lockdowns, may have
even decreased the rate of solar installations for a while.

From 2022 onwards the South African power crisis worsened to
the point where at times electricity was cut for as many as 12
hours a day. It also became clearer to the general public that the
power crisis would not be resolved in the short term. This spurred
a major move to install solar rooftop in domestic households, a
sector that had up to that point been quite slow in making this
leap. Reasons for this reluctance to embrace solar power
technologies has been specifically studied in Parkhurst [11]. The
sudden rise in solar installations in the Parkhurst sample from
less than 1 installation monthly at the start of 2022 to over 5 new
solar systems per month in 2023, highlighted dramatically by
Figure 4, indicates that the inconvenience of power outages now
outweighed the factors previously inhibiting the growth of solar
power in the suburb.

The spike in solar rooftop installations in the year leading to June
2023 is also seen in estimated monthly installation figures
released by national electricity utility Eskom [12]. Figures
presented there projected a ~450% growth in South African solar
rooftop capacity from just below 1 MW in March 2022 to about
4.4 MW in June 2023, although the accuracy of these figures
cannot be easily confimed. Evidence of this trend is further seen
in solar panel import figures, where the value of imports in the
first six months of 2023 exceeded the 2022 annual total [13].



5.2. Regional differences

Contrary to perceptions that the Western Cape is leading the
move to transit to renewable energy in the country, this study
confirms previous findings that Gauteng is the province with by
far the largest solar capacity installed [14], in this case in the
form of medium-scale (0.5-5 MW) facilities, with 40% of the
national fraction of Base List installations and more than double
the fraction held by the Western Cape. It is difficult to see how
this finding would change substantially if data from a complete
census of solar installations became available.

Rooftop solar installations at shopping malls have been actively
pursued around the country. These developments however only
started in KwaZulu Natal in 2018, later than in other provinces,
for reasons that remain to be clarified. Since then, the shopping
malls in that province have however been some of the most
actively movers towards solar power. In particular, Cornubia
Mall in eThekwini and Boardwalk in Richards Bay now
effectively have ~5 MW solar farms on their roofs [8].

The low percentage of shopping malls in the Western Cape is
partly due to many installations in the 0.5-5 MW range on farms
and food storage depots in that province [8].

5.3. Projections for further solar rooftop

It appears that by now the majority of larger shopping malls have
installed some solar power capacity. Projections by retail groups
themselves advocate the spread of this process to many malls that
still do not have solar backup, e.g. [15]. At the same time, malls
and other facilities with some solar capacity already installed are
considering upgrades. Given the level of penetration already
achieved, and with few signs that many facilities are projecting
complete grid independence, it is likely that developments in the
retail and corporate sectors will slowly saturate in the coming
years. Accelerated growth is however still possible on farms, at
mines and in industrial complexes.

While not explicitly investigated here, it is likely that the uptake
in new solar installations seen in Parkhurst since early 2022
would have been a lot slower over the same period in lower
income suburbs. This could however change given the
opportunities for solar installation-linked loans by some
financial institutions and the recent tax breaks offered by
government [7]. The installation rate witnessed in Parkhurst this
year would result in solar panel market saturation in the suburb
within four years, and it therefore cannot be sustained.

This study also offers insights into the likely future spread of
embedded power generation as a whole in South Africa. The
Base List records facilities in the 0.5-5 MW range adding to a
total capacity of ~250 MW, and this is in turn estimated to
include about half of the actual solar facilities of that magnitude.
The contribution by smaller installations (<0.5 MW) and

individual sets of panels on domestic rooftops is even more
difficult to estimate. Their total capacity can reasonably be
expected to be of the order of the total installed capacity of
facilities in the 0.5-5 MW range. That would imply that South
Africa currently has an estimated 1000 MW of solar small
embedded electricity generation capacity. This figure is three
times higher than an estimated 330 MW suggested for 2020 [16].
Solar rooftop is therefore currently playing a more significant
role in electricity production than previously assumed.

6. Conclusion

This paper highlights the increasing penetration of small scale
solar rooftop installations in South Africa. It shows how medium
scale (0.5-5 MW) solar installations, particularly at retail malls,
multiplied manyfold after the stalling of the construction of large
scale solar farms under REIPPPP. The major acceleration in
domestic rooftop installations has only happened during the last
year or two. It has been particularly noticeable in specific areas
with relatively high income, but is bound to also strongly
establish itself in medium income neighbourhoods due to offered
financial incentives and the prospect of long-term savings.
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