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Abstract: The COVID-19 pandemic created large disruptions in the energy industry as governments
all around the world responded by enforcing lockdowns on 54% of the global population to slow
down the spread of the virus. This impacts the energy consumption of the residential sector as policies
prevented residents from leaving their homes and accelerated the transition towards remote work
environments. The impact of lockdown on South Africa’s energy sector is unique to other countries
due to its extreme inequalities across the affluence divide and ongoing blackouts that affect the entire
country. A case study is performed in George, a region in South Africa with a distribution of wealth
and energy inequality typical for South Africa. In this paper, the following questions are answered:
(i) How has the lockdown period influenced the total energy consumption of a household? and (ii) To
what extent has the lockdown affected energy consumption of households based on wealth and
demographics? The results of this study showed that implementing the highest stage of lockdown
resulted in wealthy communities increasing their overall energy consumption by 5 percentage points
and poor communities by 2.5 percentage points. The findings of this study support the use of local
data and insight for the unique difference in behavioural change across different communities for
optimal decision making in future pandemics or natural disasters.

Keywords: COVID-19 pandemic; impact analysis; electricity usage; prepaid meters; residential
buildings; data-driven analysis

1. Introduction

The WHO has reported over 585 million confirmed cases and nearing 6.5 million
deaths, as of August 2022, due to the COVID-19 virus [1]. These numbers increased from
2020 as the global pandemic severely disrupted health systems, national economies, energy
policies, etc. [2,3]. Governments all around the world responded by enforcing varying
levels of lockdowns on 54% of the global population to slow down the spread of the
virus [4,5]. Dingel and Neiman [6] determined that only 37% of jobs in the United States
can be performed from home, and the opportunity for remote work declines further in
developing countries. The IEA reported that the impact on energy consumption was a
25% reduction for countries in full lockdown and 18% for countries in partial lockdown [4],
which highlights the importance of investigating the pandemic repercussions on the energy
sector of a country.

The African continent is one of the most energy-deficient regions in the world [7].
The IEA forecasts that more than 700 million people will not have access to energy in 2040,
with the majority emanating from sub-Saharan Africa [8]. South Africa’s electricity gener-
ation is heavily dependent on fossil fuels, and 88% of the total generation is supplied by
the burning of coal [9]. Furthermore, the country struggles to meet the demand of the grid
and has enforced frequent planned power outages (locally referred to as “load-shedding”),
which is expected to continue sporadically for the foreseeable future. The government
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and Eskom (the country’s main electricity supplier) have taken action to supply additional
energy from independent power producers and renewable energy sources to address the
energy poverty [10].

There is an unequal distribution of electricity across the South African affluence divide,
and the urban poor suffer the brunt of it [7,11]. The cause of inequality stems from social,
political and economical issues arising from the country’s history [7].

However, South Africa suffers from not only energy but also employment scarcity.
These moves towards privation in the energy sector are expected to impact unemployment—
a factor that is further exacerbated by the coronavirus pandemic. A study with a sample
size of 6000 people inquired about COVID-19-related impacts on South African labour
markets and found a 19% increase in employees not working or receiving wage [12].

1.1. Impact of COVID-19 on the Energy Sector

The IEA Global Energy Review foresees that global energy usage will decrease by 5%,
and some regions will experience as much as 10%. Countries with periods of complete
lockdown have had more extreme electricity depressions exceeding 20% [4].

The South African Government declared a lockdown on March 2020 and saw a 28%
overall reduction in electricity and a 20% peak demand reduction within the first three
weeks [13-16]. Moreover, this substantial depreciation has forced Eskom to increase power
tariffs to recoup additional revenue [17].

The pandemic has also decelerated the transition to clean and renewable energy by
delaying productivity and long-term goals of serious renewable and sustainable energy
projects [18].

Numerous suppliers of clean energy technology have mitigated operating capacity
and downsized staff in coordination with new regulations [3]. Solar and wind power
projects have been negatively impacted the most, specifically in line with manufacturing
facilities and supply chains. Due to the pandemic, 3 GW has been postponed in India,
the United States have predicted a 37% decrease in solar capacity, and China, the leading
country in solar technology products, has seen a decrease of 25% [19].

The lockdown in South Africa has introduced delays for both commencing energy
projects and finishing those already undergoing construction. South Africa is also part
of the Southern African Power Pool (SAPP), meaning that a portion of its generated
power is shared between neighbouring countries. Consequently, the gradual lifting of
lockdown restrictions can result in an intense growth of energy demand and occurrences
of load-shedding [20]. Eskom has also declared a force majeure on renewable energy
suppliers to satisfy the growing energy demand. This places a high risk of collapsing these
companies, diminishing progress of clean energy transition, and increasing the country’s
energy poverty [20-22].

Energy suppliers need to understand energy usage patterns and the accuracy of
modelling the energy demand is growing with uncertainty due to the change in people’s
behaviour [23]. The volatile and fluctuating nature of energy consumption, productivity
and markets in this unique time suggests that alternative methods should replace traditional
ones as historical data become increasingly futile [3,23,24].

1.2. Changes in South African Energy Consumption

Gaining insight into South Africa’s energy behaviour which is heavily influenced by
lockdowns can help manage the situation with energy supply. Given the country’s energy
discrimination, it is important during observations to differentiate households according
to affluence.

In South Africa, it was reported that the number of people using transport has de-
creased by 37% for public transport and 26% for mobility to work, as of mid-February
2021. This is balanced by a 14% increase in mobility in residential areas [25]. These trends
are facilitated by companies ensuring employee safety by denying the ability of people
to travel to the workplace and shifting employees towards teleworking [26]. The NIDS
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Coronavirus Rapid Mobile Survey (CRAM), a panel survey performed in South Africa,
reported that the unemployment rate increased from 43% to 53% between February and
April 2020 and signs of improvement only began showing after June 2020 [27]. The CRAM
also found that 76% of workers could not work at home at all. Of those that could work
from home, 79% were White, and 16% were Black African [28].

This study uses prepaid meter data collected from households in the city of George,
South Africa. George’s wealth distribution and inequality is similar to many towns and
cities in South Africa, it provides a good case study for applying the methods used and
models developed. This study uses linear regression and statistical analysis to answer
questions based on a residential households purchase history: (i) How has the lockdown
period influenced the total energy consumption of a household? and (ii) To what extent has
lockdown affected energy consumption of households based on wealth and demographics?
Figure 1 shows a timeline during the relevant period for when lockdown stage 1-5 (blue)
and load-shedding stage 1-4 (orange) occurred in South Africa, and they are used to assess
the findings in this study. An overview is presented on the data used in this case study and
the methodology to determine the variation in household energy purchases in Section 2.
In Section 3, the models used in this paper are validated and the findings are discussed.
Lastly, a conclusion and recommendations for future work is presented in Section 4.
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Figure 1. COVID-19 national lockdown and load-shedding timeline where the y-axis indicates
the period when lockdown stage 1-5 (blue) and load-shedding stage 1-4 (orange) occurred in
South Africa.

2. Method
2.1. Prepaid Meter Data

Household-level prepaid electricity purchase data were used to gather two years of
time-stamped purchases up to August 2020 for over 21,000 prepaid meters. Moreover,
the sample pool was ensured to be non-domestic indigent, residential households that
were active over the observed periods. The purpose of the exclusion of domestic indigent
households was to keep the data pure from electricity grants and discounts provided by
the George Municipality [29]. The data were divided into two periods: (1) the control
period extends over the twelve months prior to October 2019 and represents the baseline
for normal activity, and (2) the lockdown period consists of the following twelve months
and includes the start of the COVID-19 crisis. Twelve months are used for each period to
perform a one-to-one comparison of energy consumption for the months prior to March
2020, and the months proceeding to the declaration of the lockdown. This is used to
estimate the incremental trend of electricity purchases due to factors such as inflation
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and Eskom’s power tariff increase and also to determine the impact of factors due to the
introduction of the lockdown.

Similarly to the rest of South Africa, George has a wide spectrum of household wealth.
According to the Gini Index, a measure of income distribution, the city has a Gini coefficient
of 61%, which indicates extreme inequality [30,31]. Fortunately, the data indicate the
geographical location of where the prepaid meter is situated and was observed to span
over all the considered income levels and population groups.

The impact of energy consumption on areas representing the various inequality groups
are addressed by defining indicators to classify the prepaid meters accordingly. Information
provided by the prepaid meter data as well as census data is used to determine suitable
classifications of prepaid meters into suitable annual household income brackets and
population groups [32,33]. Demographic information enabled us to classify meters into
three population groups that forms the majority of the South Africa’s population: White,
Coloured and Black African households. Furthermore, an indicator of measurable wealth
is defined which classifies prepaid meters into four distinct levels of average annual
household income. The wealth indicator is represented by I, and the corresponding income
levels are defined as follows:

e I;: R29400;
e I,: R57300;
e I3 R115 100;
e I, R230 700.

2.2. Regression Model

Simply comparing electricity usage during lockdown to usage prior to lockdown could
potentially deliver biased results, since these models fail to account for other changing
circumstances. Most notably, the differences in usage could be due to seasonality (demand-
driven) or load-shedding from the national provider (supply-driven). Since information
on load-shedding is accessible, the model can explicitly control for its effect. Moreover,
sufficient prepaid meter data are available to be able to control for seasonal effects.

The data were aggregated to a monthly level (for 24 months) for each region of the
30 neighbourhoods identified in the data. The outcome represents the logarithmic average
of the monthly units used per day per household in the corresponding neighbourhood.
Firstly, the effects that lockdown had across the neighbourhoods of different income levels
were determined. A linear regression model was calculated for the simplest specification
which determines the effects of the different stages of lockdown on the energy usage
according to various income levels, defined as follows:

Yl.lt = f(wealth;, lockdown;) @

where subscripts i and f refer to the wealth indicator and month of the year, respectively.
Since the hard lockdown occurred in winter, when electricity usage is at its highest, it
became a concern that the model might overestimate the impact of COVID-19. Seasonal
effects are accounted for by adding dummy variables for each month to the specification,
and the model is modified as follows:

Yl?t = f(wealth;, lockdown;, month;) 2

Lastly, the model must account for the rolling blackouts since they occurred during
the lockdown and impacted the neighbourhood’s energy consumption. Load-shedding is
accounted for in the specification, and the model is modified as follows:

Yg = f(wealth;, lockdown;, monthy, load — shedding;) (3)
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2.3. Unit Purchase Trends and Shifts

The trends and shifts in purchase quantities is determined for the households when
transitioning from the month in the control period to the respective month in the lockdown
period. Firstly, x;, is defined as the total amount spent on units for prepaid meter i
during the nth month. The total amount spent by prepaid meter i over the entire period is
calculated as follows:

24
Xi = Z Xin 4)
n=1

where n < 12 is the control period, and n > 12 is the lockdown period. Next, M is defined
as a series of a distinct number of bins to group the expenditure amounts into quantities
m. M is used to determine the number of prepaid meters that purchase amounts that
correspond to each bin and is calculated as follows:

1
Zn = Zzi,n ®)
i=1

where Z,, ;, is the number of prepaid meters that purchased an amount corresponding to
bin m during month n, z; , is an indicator that is equal to 1 if x;,, € m or zero otherwise,
and [ is the total number of prepaid meters. From analysing the data, it was determined
that M would consist of three bins to categorise the purchase quantities, as follows:

Mo : xi,n =0 (6)
M; : 0<xj, <1000 ?)
M, : 1000 < Xin 8)

The final step is determining a metric that compares the amount of prepaid meters
that make purchases in bins My, M;, and M; from a month in the control period to that in
the lockdown period. The difference is calculated as a percentage, and the formula for the
case M is as follows:

Zgn — LMyn+12
Z%nzo Z My

where the denominator represents the total number of prepaid meters. However, this
metric includes changes due to factors other than the behaviour changes due to lockdown.
Therefore, a baseline value %AN, which takes all the months in a year into consideration
(sum of %An over 12 months), is determined to compare how the changes for a specific
month differ from the average change for the whole year.

%An (MO) =

x 100 )

3. Results
3.1. Unit Purchases

Table 1 shows the results of linear regression of units purchased for the three linear
regression models defined in Section 2. The results in the table represent a 1% level of
significance, and the standard error is shown in parenthesis. These results show how unit
purchases were affected as a result of lockdown stages for the different income levels (row
1-4), seasonality for each month (row 5-15), and load-shedding stages on the different
income levels (row 16-19).

The first column shows that increasing the lockdown stage increased the amount of
units purchased by 1.6 percentage points (8 percentage points for stage 5) for I;, which
increased to 2.2 percentage points (11 percentage points for stage 5) for I;. This shows
that lockdown increased unit purchases for all income levels, where the impact is slightly
greater for wealthier neighbourhoods.
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Table 1. Linear regression results.
v, v v
Units Purchased Units Purchased Units Purchased
LockdownStage x I 0.016 *** 0.005 *** 0.005 ***
(0.002) (0.001) (0.001)
LockdownStage x I 0.020 *** 0.009 *** 0.009 ***
(0.004) (0.002) (0.002)
LockdownStage x I3 0.015 *** 0.003 0.004
(0.004) (0.002) (0.002)
LockdownStage x Iy 0.022 *** 0.010 *** 0.010 ***
(0.005) (0.003) (0.003)
Month = February —0.049 ** —0.014
(0.024) (0.041)
Month = May 0.028 *** 0.035 ***
(0.007) (0.010)
Month = April 0.019 0.027 *
(0.012) (0.014)
Month = May 0.074 *** 0.071 ***
(0.007) (0.007)
Month = June 0.120 *** 0.129 ***
(0.011) (0.014)
Month = July 0.062 *** 0.062 ***
(0.007) (0.007)
Month = August 0.092 *** 0.091 ***
(0.007) (0.007)
Month = September 0.037 *** 0.048 ***
(0.011) (0.016)
Month = October 0.019 *** 0.018 ***
(0.007) (0.007)
Month = November 0.007 0.016
(0.011) (0.014)
Month = December —0.012* —0.008
(0.007) (0.008)
Days in Month 0.017 * 0.028 **
(0.009) (0.014)
LoadshedStage x I —0.013
(0.016)
LoadshedStage x I, —0.014
(0.019)
LoadshedStage x I3 —0.018
(0.019)
LoadshedStage x I4 —0.029
(0.022)
Constant 5.854 *** 5.302 *** 4.964 ***
(0.012) (0.286) (0.430)
N 744 744 744
R? 0.964 0.988 0.988

Note: Standard errors shown in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.

The second column shows the significance of each month on unit purchases when
the model controls seasonality. It can be seen that the significance increases for the winter
months that occur in the middle of the year, where the cold weather in June contributed to
a 12.0 percentage point increase in unit purchases. For this model, it was found that the
effect of an increase in lockdown stage only increased units usage by between 0.5 and 1.0
percentage points for I and Iy, respectively.
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The third column shows slightly higher estimates of unit purchases when load-
shedding is accounted for. Load-shedding had a large negative impact on all four wealth
groups. The model suggests that if load-shedding goes from stage 0 to stage 1, unit
purchases among the rich and poor, without considering the effects of lockdown and
seasonality, will decrease by 2.9 percentage points and 1.3 percentage points, respectively.
When the model controls seasonality and load-shedding, increasing the lockdown stage
increased the number of units purchased by 0.5 percentage (2.5 percentage points for stage
5) points for I;, which increased to 1 percentage points (5 percentage points for stage 5)
for Iy.

Figure 2a shows plots of the exponential average unit purchased by each wealth group
for each month from October 2018 to September 2019 (dashed line) and from October
2019 to September 2020 (solid line). The units purchased are exponentially transformed to
show an equal difference between the wealth groups so that it can be similarly compared
to the plots in Figure 2b, which show the percentage change in units purchased for the
respective wealth groups. For wealth indicators I3 and I, it can be seen that the amount
of units purchased shows a spike in February and March, followed by a significant drop
in April. The same effect is observed for the poorer wealth groups; however, it is a lot
more insignificant.
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Figure 2. Plots of (a) the exponential average units purchased and (b) the percentage change in
average units purchased for each wealth group per month from October 2018 to September 2019
(dashed line) and from October 2019 to September 2020 (solid line).

Figure 3a shows a map of George and compares the distribution of wealth groups in
various neighbourhoods, where I, indicates the average household income of South Africa.
The distribution shows that there is a clear divide between rich and poor neighbourhoods.
Figure 3b shows the average units purchased per month for the corresponding neighbour-
hoods. Comparing the two figures, it is observed that the wealth index of a neighbourhood
has a direct correlation with the amount of units purchased.
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Figure 3. Map of George that compares (a) the distribution of wealth groups in various neighbour-
hoods, where I, indicates the average household income of South Africa, and (b) the average logged
units purchased per month for the corresponding neighbourhoods. The blank space represents
“no data”.

3.2. Household Expenditures

Figure 4a,b shows histograms of the monetary amount purchased for March and April
during the control period (blue) and the lockdown period (orange) with the bins in M
using R100 intervals for all of the data. The trend for the purchased amounts is expected to
increase from the previous year to the next due to inflation and power tariffs, and this is
conveyed by the shift from users purchasing below R1000 to purchasing more than this
amount. The results for all the months show similar trends to March, with the exception of
April showing an abnormal spike in the number of purchase amounts below R100, or better
described as not purchasing electricity for the month.

4000

4000

3000 A 3000 1
> >
Qo Q
5 5
% 2000 A % 2000 1
i3 i
1000 A 1000 A
0 T T T T T 0 T T T T T
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Monthly Amount (R) Monthly Amount (R)
(a) March (b) April

Figure 4. Histograms of the total household monthly amount purchased for electricity per prepaid
meter for the control period (blue) and the lockdown period (orange). The overlap of histograms
are shown in brown. Note: the behavioural analysis was performed using electricity units, and the
monetary unit is reported here for reference only.

Table 2 shows the percentage change in the number of users purchasing monthly
amounts within bins My, M1, and M, for March and April using Equation (9) and for the
overall year by using the same equation over all the months. By looking at the results over
the whole year using all the data, there is a small change in the number of households
not purchasing units for the month. There is also a 6.4% decrease in users purchasing
less than R1000, which contributes to the 5.9% increase in users purchasing more than
R1000. By looking at the April columns, there is a significant increase of 4.1% in users
purchasing less than R100 that is explained by the equally significant shift in purchases of
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9.6% in March to above R1000. This increase is 3.7% higher than the yearly average and is
equivalent to the 3.7% increase in April’s number of zero purchases from the yearly average.

By looking at the results according to the the different population groups in Table 2, it
can be seen that the shift from My to M is higher for White households and the least for
Black African households, and the significant observations noticed in all of the data are less
apparent. Furthermore, a similar trend is observed when the data are separated according
to the various wealth indicators, with the exception of the wealth index I,.

Table 2. Table of the percentage change from the control to lockdown period in the number of meters
with purchases within My, My, and M, for March, April, and for the whole year. The rows represent
a further separation of the results into the corresponding population groups and wealth indicators of
the households.

A% March A% April A% Year

My M, M, My M, M, My M M,
All —0.4 -9.2 9.6 41 —9.1 5.0 0.4 —6.4 5.9
Population groups:
White -1.1 —94 10.5 4.6 —-9.5 4.9 0.0 —6.7 6.7
Color 0.2 —9.6 9.4 3.7 —9.6 6.0 0.8 -7.0 6.2
Black —0.1 —6.1 6.2 3.3 -59 2.6 0.7 —4.5 3.9
Wealth Index:
Iy -14 -7.8 9.2 1.9 —5.7 3.7 -0.9 —5.1 6.0
I —0.7 —10.2 10.9 5.0 -10.8 5.8 0.4 —7.4 7
I —0.5 -9.3 9.8 4.3 —10.5 6.1 0.7 —6.9 6.2
I 0.7 -75 6.9 3.1 —6.6 3.4 0.9 —55 4.5

3.3. Discussion of Results

The regression results table in Section 3.1 clearly show that the effects of implementing
lockdown stages in George affected all neighbourhoods of different wealth groups, where
stage 5 lockdown results in a 2.5 percentage point increase in poor neighbourhoods and a
5 percentage point increase in rich neighbourhoods. Load-shedding also had little impact
on the purchases of each wealth group. This can be explained by the fact that load-shedding
is implemented for the whole country and equally affects the various areas. Moreover,
Figure 2 shows that there is a significant increase in unit purchases when hard lockdown
was first implemented in March 2020. This suggests that lockdown caused people to
panic and purchase more units in fear of lockdown. A geographical view of George in
Figure 3 indicates that the affluent divide between rich and poor neighbourhoods are
respectively situated in the the northern and southern halves of the region. It also shows
how the greatest impact on unit purchases, positive or negative, occur in the wealthier
neighbourhoods and that the poorer communities are affected less.

The results in Section 3.2 shows that more households spent over R1000 on unit
purchases in all of the lockdown months than those prior to them. However, an interesting
finding is observed by comparing the change in how much households spent in March and
April. For all of the households in March, there was a 3.7% increase above the 5.9% annual
increase in the number of households that spent over R1000 on electricity. This resulted
in a 3.7% increase above the 0.4% annual increase in the number of households that spent
less than R100 on electricity. Furthermore, this finding was more significant for both the
wealthiest areas and White neighbourhoods and less significant for poorest areas and Black
neighbourhoods. This confirms that the start of lockdown induced panic for residential
households due to the purchase surplus in March and deficit in April.

The results show that the household electricity usage increased due to lockdown regu-
lations. These regulations prevented people from working, and many of those that could
work were forced to work remotely. Moreover, the vast majority of workers that could work
from home are White [28]. This explains why the electricity usage in residential households
increased overall in response to lockdown levels, and wealthier, White neighbourhoods
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showed a bigger impact as they tend to have more electricity-consuming devices, consume
more electricity in general, and are more likely to work remotely from home.

Although the results are not extreme, it is important to understand the financial
impact of increased household electricity usage due to lockdowns. These findings provide
insight and a better understanding of how the COVID-19 pandemic impacted the electricity
demand and purchases in different affluent neighbourhoods in South Africa. Using local
data as well as examining the compliance of people to stay at home in different communities
enables policymakers to make better predictions of the behavioural change in electricity
usage in the various areas of the country in the event of the COVID-19 pandemic or other
unforeseen natural disasters.

4. Conclusions

In this paper, an analysis is performed to determine how enforcing a hard lockdown
due to the COVID-19 global pandemic impacted the energy consumption of a developing
country since it was first implemented in March 2020. A case study is performed in George,
a region in South Africa with a significantly high distribution of wealth and energy inequality,
and the changes in the residential sector’s energy usage behaviour patterns were determined.
The results of the analysis indicate that the total energy consumption was influenced by the
lockdown and that panic lead to residents purchasing excessive amounts of electricity in
March. This is mainly attributed to policies that prevented residents from leaving their homes,
such as the transition of staff to working remotely. Moreover, this trend was more noticeable in
wealthier communities and neighbourhoods that are considered White inhabited. The study
shows that enforcing a stage 5 lockdown resulted in the wealthiest communities increasing
their overall energy consumption by 5 percentage points and the poorest communities by
2.5 percentage points.

The findings in this paper also showed that the number of households that spent over
R1000 on electricity increased significantly in March 2020 when the lockdown was enforced,
as well as contributing to numerous households not buying electricity for the following
month. The impact is less significant for poorer areas and Black neighbourhoods. These
findings are supported by the number of workers that can work from home in different
areas, as well as compliance of people with lockdown rules.

South African policymakers can make better predictions for the change in electricity
purchases for different areas by using local data. In future work, these findings can aid in
optimal decision making in response to electricity demand in the event of an unforeseen
pandemic or natural disaster.
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Nomenclature
%An  Annual percentage difference in prepaid meter purchases from control to lockdown period

Iy Indicator of specific wealth group x
M, Total number of prepaid meters within expenditure bracket m
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X Total prepaid meter expenditure for household i
Y; Linear regression model
Zmn,  Total number of prepaid meters for expenditure bracket m and month n
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