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Abstract—Global non-technical losses account for
approximately $96 billion annually. The largest contributor to
these losses is electricity theft which is attributed to access to
electricity, affordability, socio-economic conditions and poor
service delivery. South Africa is not excluded from this
phenomenon, with electricity theft contributing to 10% of its
total losses, highlighting its contribution of non-technical
losses to global statistics of approximately 1.5%. Furthermore,
the environmental impact resulting from fossil-fuel electricity
generation in South Africa is on par 40% higher in global
comparison and is highlighted to be the 14th largest emitter of
greenhouse gasses globally, with non-technical losses
compounding the situation. This paper discusses the impact of
non-technical losses and highlights the South African
perspective, compared to global trends.

paying consumers. Figure 1 below [8], illustrates the
combined global (TL and NTL) losses for the past 6 decades.
This seems to highlight and that the combined losses are
directly proportional to energy demand requirements and
suggest no real diminishing of the overall losses. These
losses therefore still form a significant part of the generated
capacity.
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I.

INTRODUCTION

Global utilities suffer commercial or alternatively
defined non-technical losses of approximately $80-100
Billion per year [1, 2]. Non-technical losses (NTL) are
quantified as losses, which are incurred because of poor
administration, fraud, non-paying customers, and
corruption, with the largest component attributed to
electricity theft [3, 4, 5]. Gratis electricity is also considered
an NTL and is defined as free electricity provided to support
poor indigent communities and, in some instances, certain
employees and organisations. [3, 6]. Technical losses on the
other hand are losses that naturally occur within power
systems due to energy dissipation, and these losses are
generally quantified and mitigated for. The loss equation is
then highlighted as below in equation 1. It has been argued
in literature that the significant component of losses found
within the overall loss equation is attributed to the sum of
the NTL [5, 4].
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Figure 2 below [9], illustrates the losses per country and
highlights the African continent as one of the regions where
NTL’s are still significantly ubiquitous. In 2004, it was
estimated that in developing countries, the forfeited losses
where 15% and that of developing countries were as much
as 35% of the generated capacity [3]. However, in 2014,
these losses have not diminished and have been on the
increase as highlighted in figure 1 above.

(1)

NTL have a direct impact on the economy, social
wellbeing, safety of the population and environmental
plethora as a result. In this paper, an overview of the impact
NTL’s has on the global situation will be discussed, and
furthermore, the South African environment will be
compared to these global trends.
The rest of this paper is organised as follows: Section II
will highlight global trends, Section III will introduce a
South African perspective, Section IV will provide for a
comparative discussion and Section V contain the
conclusion.
II.

Figure 1: Global losses year on year (1960-2012) [8]

GLOBAL TRENDS

It is estimated that out of 20 trillion kW/h produced
globally on an annual basis 1.4 trillion kW/h are lost due to
the phenomenon of NTL [7], furthermore it would suggest
that utilities would have to generate more capacity to offset
these losses in order to sustain energy demand to their

Figure 2: World Losses per country [9]

Literature highlights that Sub-Saharan African utilities
present large inefficiencies and in 2009, it was recorded that
on average; only 50% of generated electricity supply was
paid for [4]. Nigeria contributed the largest portion of these
inefficiencies of which only 25% of the generated capacity
was paid for, whilst Botswana, considered the best
performing utility, recorded losses at 10% [4]. During the
same period, the loses reported for South Africa were at 15%
[4], and in 2017 these losses were further reported to be in
the order of 9.15% as per the Eskom Integrated report for
2018 [10], highlighting a marginal reduction in a period of
almost 10 years. In a World Bank, report for 2016 it is

highlighted that out of 39 countries investigated only 19
countries collected enough revenue to sustain operational
costs [11]. Figure 3 below highlights the cost recovery for
these 39 countries [11].

Figure 4: Global access to electricity (2016) [12]

Figure 3: Cost recovery for 39 utilities in SSA [8]

Access to electricity as recorded in 2015 according to the
World Bank, is on average 88% [12], and that the subSaharan African continent inclusive of some Southern Asian
countries still face significant challenges to correct this.
Figure 4 (2016) below highlights the global access to
electricity and indicates clearly the prevalence of the
problem [12]. Energy access in the sub-Saharan African
region is still very problematic and it is estimated that only
1 out of 3 people have access to electricity, highlighting that
approximately 633 million are still without electricity within
this region [11, 13]. The current world demographics for
2018 constitutes a global population of approximately 7.7
billion people with an annual growth rate of 1.09% [14].
The sub-Sharan African continent however, accounts for
just over a billion people with a growth rate of 2.66% down
from 2.75% in 2015. This growth rate still signifies a higher
rate than that of global trends and it is considered the fastest
growing population in the world [15].

According to [13, 11], the 633 million people without
access to electricity in the sub-Saharan African region will
increase to 823 million people by 2030, this due to the
current population growth. With this population rate in mind
and compared to the rate of infrastructure development and
electrification, it is argued that the status quo will remain the
same. Post 2030, this latter comparison is however expected
to start correcting by 2040 due to renewed initiatives
employed by utilities and governments worldwide.
In regions where electricity generation is largely
dependent on fossil-fuels high losses tend to contribute to
high greenhouse gas emissions [4]. Significant health risks
due to poor breathing air, climate change, threat to food
security, sea-level rise, floods and drought and diseases are
all derivatives of the effect of burning fossil fuels in power
plants [13]. The environmental impact because of these
losses are significant and worth mentioning in this paper. It
is estimated that the losses of 1.4 trillion kW/h represent
carbon dioxide emissions of 1.2 trillion metric tons [7]. It is
further suggested that by employing initiatives to reduce
these emissions by 33% would yield a reduction in required
capacity of 53 gigawatts [7]. This suggested reduced
capacity is more than half of the total generated capacity of
approximately 90 gigawatts in the sub-Sharan African
region with more than half of this generated capacity found
within South Africa [16].
As highlighted the largest portion of NTL are attributed
to electricity theft. This phenomenon was first recorded in
the “Daily Yellowstone Journal of March 1886-People who
steal Edison’s electricity” [17]. The act of electricity theft is
generally attributed to the result of no or inadequate
infrastructure, poor service delivery, high electricity tariffs
and high unemployment [3, 18]. These illicit actions
exacerbate the poor revenue collection initiatives within
utilities and collectively affect the economy and the
environment. It is furthermore recorded to be the third most
stolen item, in comparison to motor vehicle and credit card
theft [2]. Figure 5 below highlights the global perspective on
where these illicit actions are prevalent [19]. From figure 5
below a clear comparison is drawn between developed and
developing countries and seems to suggest that this
phenomenon mostly occurs within developing countries.

electricity as this accounts for the largest part of their budget
requirements, which in some cases accounts for than 40%
of their budgeted revenue requirements [25]. Figure 6
below [22], highlights first quarter revenue collection for
municipalities of South Africa.

Figure 5: Electricity theft rates worldwide [19]

III.

A SOUTH AFRICAN PERSPECTIVE

A. Losses in South Africa-The economic Impact
Eskom, a state-owned enterprise and the largest
electricity utility in the sub-Sharan African region, with an
estimated generating capacity of 45.5GW, reports in their
integrated report for 2018 that a total of 215.91TWh net
energy was produced and 212.19TWh sold to its
approximately 6.3 million customers [10]. The report
further highlights that approximately 21.09TWh was lost
which was attributed to technical and other losses and
further shows that 496GWh was unaccounted for. From the
figures presented then, it is thus deduced that the utility
suffered total approximate losses of 21.5TWh, concluding
total approximate losses of 10% of the delivered capacity.
The Eskom rate per kWh as reported by Fin24 for 2018
[20], was at 89.13c/kWh. In highlighting the financial
impact suffered by the utility, these losses on average would
equate to approximately R19.1 billion annually in real terms
or alternatively approximately R54 million rand per day.
The significance of these losses highlights financial losses
to the South African economy of approximately 0.4% of
GDP (Gross Domestic Product) for 2018. These losses,
which must be redressed, are then generically mitigated for
through tariff increases exposing the already burdened
economically active society and businesses to undue further
tariff increases. Eskom states that these NTL’s are mostly
directly attributed to electricity theft and that it is not only
contained to “townships” and occurs across all sectors of
society [21]. The impact of these losses further exacerbates
the fact that government now faces increasing difficulty to
provide resources from the fiscus to employ allocated
infrastructure funds to address backlogs in service delivery.
According to statistics South Africa [22], 58% of
electricity distributed in South Africa is done by Eskom and
the remainder 42% delivered by approximately 257
municipalities within South Africa. These municipalities
which act as intermediaries between Eskom and the end
user generated R22.5 billion in revenue from the sale of
electricity between January and March for 2017 [23], and
during the first quarter ending June 2018 this figure grew to
R24.9 billion [24], thus an increase of 11% year on year.
These municipalities apply higher tariffs to that of Eskom
in order to attract profits from the sale of electricity. In fact,
municipalities are much more reliant on the sale of

Figure 6: Municipality revenue from electricity sales [22]

As these municipalities are highly dependent of the sale
of electricity to satisfy budget requirements, so too are they
exposed to the proliferation of NTL’s in the form of
electricity theft and the provision of Gratis electricity.
Gratis electricity ceteris paribus will also now contribute to
increased NTL as the electrification programs in South
Africa are realized. It is argued that improved access to
electricity in communities where consumers cannot afford
to pay for such services will increase NTL’s and will now
become the burden of the paying consumer through tariff
increases and taxes. Although municipalities generate
substantial revenue form electricity sales (on average
30.2%), the cost of procuring this electricity is also
highlighted as the second largest expense (20.6%) next to
employee costs (27.2%) [26]. With the prevalence on
NTL’s and the culture of non-payment amongst
communities and businesses, these municipalities are
currently exposed to defaulting on payments to Eskom, thus
also now forced to address significant tariff increases and in
so doing just creating further disruptions and constraints to
the South African economy [27]. IOL News [28] highlights
this where this debt is significant to the South African
economy, as the current outstanding debt to Eskom is
proportioned at R28 billion, escalating at R1 billion rand a
month.
B. Contributing factors to electrcity theft and non-payment
It has been reported in literature [29] that Eskom on
average, suffered NTL of approximately 7%, pre 2014.
However, Eskom reports [30], that NTL have been reduced
to 6.43% in 2016. Based on the losses presented in the latter,
it would then suggest that more than 60% of the total losses
suffered by Eskom still amount to values larger than R11
billion annually. The factors contributing to the theft of
electricity and the culture on non-payment in South Africa
are attributed to the following elements found within this
environment. They are, access to electricity, the socioeconomic situation, high tariffs and non-payment culture,
corruption, poor service delivery and the implementation of

legislation [31, 18]. These various elements will be
highlighted and unpacked for further discussion below.
According to Statistics South Africa, general household
survey for 2018 [32], access to electricity improved from
76.7% in 2002 to 84.7% in 2018. Eskom reports however in
an IOL News publication [33], that access to electricity
improved from 36% in 1994 to 90% in 2018. The report
further highlights that only 80% of the population living in
rural communities currently have access to electricity. The
informal urban settlements which constitutes approximately
10% of the population still presents challenges in terms of
the provision of electricity and it is argued that that due to
these challenges and the slow pace of delivery, illegal
connections are prevalent [18]. Therefore, access to
electricity still presents a challenge to utilities and
communities and allows the perpetuating of illegally
connections to the existing power grid [5, 3, 18].
The socio-economic situation presents itself as direct
consequence of the current high unemployment rates found
within South Africa. The current employment rate
according to Statistics South Africa is at a record high of
27.6% for 2019, 0.5% higher than indicated in the previous
year within the same time period [34]. With the population
in dire need of employment, migratory patterns occur
between the nine provinces found within South Africa.
Gauteng the smallest province in South Africa produces
approximately 35% of the South African GDP [35], and
therefore is perceived as an attractive economic haven. The
result of these migratory patterns places severe strain on the
current infrastructure and the ability of government to
provide access to the basic human right needs of water,
sanitation and electricity timeously.
Although the Gauteng and KwaZulu-Natal provinces
represent the highest population percentages comparatively
[36], the geographical areas are substantially different, with
the Gauteng province approximately 5 times smaller than
KZN, and thus the population densities are aggravated [36].
Figure 7 below [36], highlights the population densities per
province. This situation now present informal settlements
developing within the outskirts of the urban areas and as
basic services are not available. The population now move
to take matters into their own hands to ensure access to
electricity by connecting illegally to nearby power grid
infrastructure.
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Figure 7: Density population per province [36]

High tariffs compound the effect off the NTL as the
economically active population start finding it difficult to
pay for these services due to affordability. The nonpayment culture phenomenon cannot be viewed
myopically and in isolation and must therefore be viewed
from a collective economic perspective. Due to the current
economic situation presented in South Africa the
affordability issue is exacerbated by high taxes, population
debt levels, food costs, transport costs, just to name a few.
It is recorded by statistics South Africa that out of almost
58 million people [37], only 16.4 million people in the
population (working age from 15-64 years old) are
employed and that 6.2 million people are unemployed
[38]. To indicate the disparity in terms of tax revenue
collection from the 16.4 million people that are employed,
R1216.5 billion rand was collected for 2018 and grew by
8.7% (R37bn) from the previous year [39]. Personal
income tax was the largest component and amounted to
38.1% of the total revenue collected followed by VAT
(value added tax) which amounted to 24.5% and further
companies’ tax of 18.1% [39]. Further statistics presented
by the South African Revenue Services [39], highlights
that only approximately 4.9 million people (30% of the
working population) was subject to personal income tax.
It is evident from this that almost R465 million was
collected from 4.9 million out of a population of 58 million
people through taxable income. VAT, on the other hand,
affected the population employed and non-employed alike.
From this, a clear picture is presented as to the burden the
economic pressures places on the population from a
taxation perspective, notwithstanding the effect of the
population individual debt levels with high interest rates,
as well as food and transport costs. This collective
economic perspective thus suggests the increased
prevalence of electricity theft and a non-payment culture,
Corruption plays a significant part in the poor
administration of revenue collection. This is attributed to
utility employees who connect electricity for communities
illegally for personal financial gain [18], as well as extort
monies from non-paying consumers who have connected
illegally to the power grid and who face arrest and
prosecution. These illicit actions are highlighted in an
exclusive interview presented by an Eye Witness News
(EWN) report in 2019 [40], where an Eskom employee
revealed that more than half of Eskom employees are part
of this connivance.
Poor service delivery is highlighted in a study conducted
in KwaXimba KZN [18], where it was cited that poor
service delivery was earmarked as the second largest reason
for electricity theft following economic conditions. Poor
service delivery also attracts violence, protests and
destruction of property as reported by [41], where illegal
connections (done due to poor service delivery) are
removed by utilities, therefore rallying the communities
into disruptive and dangerous behavior.
Although South African legislation, historically, only
covered illegal connections through municipal bylaw’s and
meter tampering by virtue of fraud convictions, the
prosecution rate was not deemed effective enough and
therefore allowed these illicit acts to continue. In 2015,
South Africa introduced the “Crime Matters Amendment
Act” (Act 85 of 2015) to address infrastructure crime

related incidents as well as to mitigate tampering on the
networks [42]. This prosecuting tool has been employed but
has had some difficulty in gaining traction in the
implementation thereof by the South African Police
Services. This is evident from “Operation Khanyisa”, an
awareness campaign initiated by Eskom in 2010 [43],
where it is recorded in 2016 that although “96% of South
Africans knew electricity theft was wrong only 16%
believed that they would get caught. A further 14% believed
they would get prosecuted if caught”. This perception
clearly highlights the effect current policing and legislation
have on the population who partake in these illegal
activities.
C. Health, Safety and Enviromental Impact
South Africa is understood to be the 14th largest emitter
of greenhouse gasses (GHG) with an emission per capita
benchmarked at 9.5 tonnes of carbon dioxide (CO2)
equivalent (tCO2e) [44]. Although this represents less than
half of that of the US, it is still well above the world average
of 6.8tCO2e [44]. The reason for South Africa’s high
emission statistics is due to its reliance on fossil fuels,
especially coal to generate electricity. According to
statistics South Africa [45], 88% of its electricity is
generated by coal-fired power stations with coal reserves
lasting for up to 256 years (as at 2014). The production of
electricity using coal is still considered the least cost benefit
and will therefore still be used as the primary electricity
delivery mechanism for the foreseeable future. Although
South Africa have embarked on alternative strategies in the
form of renewable energies, more can be done in the
reduction of GHG through the reduction of NTL’s. It is
argued that by reducing NTL’s less coal will be burnt and
thus reduce the greenhouse gas emissions.
Electricity theft contributes to serious health and safety
concerns within communities where these illicit actions
occur. The consequences of these actions do not just expose
the individuals connecting illegally to electrocution, but
more so the innocent community members such as children
who are exposed to these illegal connections [18]. In
2016/2017 Eskom reported that at least 50 South African
were killed nationwide due to illegal connections with a
further 150 others injured [46]. Intervention in mitigating
NTL’s should therefore be prioritized not just to address the
financial benefits in terms of revenue improvement, but due
consideration should be afforded to the environmental
aspects and more importantly the safety consideration of
communities.
D. What can to be done to ameliorate NTL in South Africa
Deployment of SMART Technologies with intelligent data
management algorithms in households and businesses
should be the primary implementation strategy to address
immediate revenue and cash-flow improvement. This will
allow for more controlled mechanisms in the detection of
NTL’s at the customer point of supply (PoS). This strategy
however, will still present some challenges to the
“backbone” electrical infrastructure since SMART
technologies deployed in households will only detect theft
and tampering at the PoS. Illegal connections detection on
the “backbone” infrastructure should therefore then be
mitigated by suitable intelligent technologies to detect

pilferage on the main infrastructure supply. It is also
suggested that in areas where the cost to electrify out ways
the revenue generated due consideration should be given to
off-grid supply with the aid of renewable energy miniplants. Although South Africa employs its “Universal
Access Program” as part of its Integrated National
Electricity Plan (INEP) more should be done to provide
access of electricity to all at affordable tariffs. The use of
adopted legislation and effective policing to address
electricity theft should be based on a zero-tolerance
approach and duly promulgated. Consideration should be
afforded to the input costs (i.e. NTL) in the establishment
of electricity tariffs and it is argued that NERSA should
implement strategies to hold Eskom and municipalities
accountable for the management of NTL’s.
IV.

COMPARITIVE ANALYSIS

Table I below is provided for comparative
representation. Recorded NTL’s for South Africa are
benchmarked at approximately 7% annually, which in
financial terms translates to approximately $95 million.
Compared to global trends this represent approximately
0.1% of overall global NTL’s, however, still represents a
significant impact on the South African economy. Global
access to electricity as highlighted by World Bank statistics
is defined as 88% for 2015 [12], and that of South Africa
highlighted to be 84.7% for 2018 [32]. Electricity theft in
South Africa is recorded to be in the order of 10% according
to [19].From a global perspective the average electricity
theft statistics are difficult to quantify due its heterogeneous
nature. However, with South Africa representing 10% on
average in comparison to developed countries (where NTL
are between 1 and 5%) and in developing countries (where
it can be as much as 50%) still seems to suggest that the
figure presented is considered above the accepted norm.
The global GDP as cited by KNOEMA was in the order of
$84.8 trillion for 2018 [47]. With recorded global financial
losses at approximately $96 billion [2], the global
percentage loss of GDP yielded 0.113% and in comparison,
the South African ratio translates into 0.4%, higher than the
global norm. With a global population of 7.7 billion people
[14], and the global financial losses at approximately $96
billion [2], the financial loss per capita is calculated based
on the fraction of financial losses to the respective
population data and highlights that South Africa presents
statistics of approximately 13% compared to that of global
trends. This suggest that financial losses suffered in South
Africa because of NTL are significant in the comparative
context. The percentage of NTL as compared to the overall
losses in the South African context is tabled at
approximately 7%, however the comparative losses from a
global perspective (i.e.1.4TkWh out of 20TkWh) represent
on average 7%. This seems to suggest that South Africa is
on par with the global trend. Finally, the significance of the
South African fossil-fuel electricity production policy is
highlighted in the tonnes per CO2 equivalent. The South
African statistics are recorded as 9.5tCO2e compared to the
global trend of 6.8tCO2e [44]. This highlights the
environmental concern South Africa is faced compared to
global trends. This comparative data suggest that South
Africa is approximately 40% higher in CO2 emissions as a

VI. REFERENCES

direct consequence of electricity generation by virtue of
coal-fired power stations.
TABLE I-COMPARITIVE TABLE
Item
Financial Losses (NTL)
Access to Electricity
% Electricity Theft
% Losses to GDP
(USD)
NTL Financial Losses
per Capita (USD)
% NTL of Total Losses
%CO2 Emissions

V.

[1]

Awesense, "Reducing Losses Before, During, After and even
Without Smart Meter Deployments," 2 February 2017. [Online].
Available: https://www.awesense.com/blog/2017/2/22/. . [Accessed
12 September 2018].

South Africa
≈ $95m
84.7%
10%
0.4%

Global
≈ $96bn
88%
≈ 1 to 50%
0.113%

[2]

S.Foster, "A 96 billion Us Dollars oppertunity for electrical utilities,"
11
2017.
[Online].
Available:
http://www.pennenergy.com/articles/pennenergy/2017/11/nontechnical losses/. [Accessed 7 July 2018].

≈ 1.66

≈ 12.5

[3]

T. B. Smith, "Electricity Theft: a comparative analysis," Elsevier
Energy policy 32, pp. 2067-2076, 2004.

≈ 7%
9.5tCO2e

≈ 7%
6.8tCO2e

[4]

P. Antman, "Reducing Technical and Non-Technical Losses in the
Power Sector," Background Paper for the World Bank Group Energy
Sectors Strategy, pp. 1-20, 2009.

[5]

S. S. Depuru, Modeling, Detection and Prevention of electricity theft
for enhanced performance and security of power grid, The University
of Toledo, 2012.

[6]

RSA-Goverment-Gazette-no:25088, "Electricity Basic Services
Support Tariff Polict," Goverment Gazette, 2004.

[7]

J. St. John, "The enviromental case for a more efficient grid,"
www.greentechmedia.com, 20 June 2012. [Online]. Available:
www.greentechmedia.com/articles/read/1-2-trillion-metrice-tonsof-co2-in-line. [Accessed 25 April 2019].

[8]

Trading-Economics, "World-Electric power transmission and
distribution losses (kWh)," Trading Economics, 2012. [Online].
Available:
https://tradingeconomics.com/world/electric-powertransmission-and-distribution-losses-kwh-wb-data.html. [Accessed
22 April 2019].

[9]

Index-Mundi, "Electric power transmission and distribution losses
(%
of
output),"
[Online].
Available:
https://www.indexmundi.com/facts/indicators/EG.ELC.LOSS.ZS.
[Accessed 22 April 2019].

CONCLUSION

Total losses suffered by the South African economy in
terms of generated electricity supply is in the order of 10%.
This translates into approximately $1.4 billion in revenue
losses annually compared to approximate world losses of
$96 billion. These losses of $1.4 billion reflect
approximately 0.4% of the South African GDP compared to
0.113% of world GDP losses and suggests a ratio of 3.5
times higher than global GDP. South African non-technical
losses (as part of the overall loss equation) represents 7% of
the total losses and in real revenue terms highlights these
losses to be in approximately $95 million (R1.4bn)
annually. Access to electricity in South Africa is
benchmarked at almost 85% , still presenting a challenge in
rural communities, however the largest catalyst for
electricity theft is related to affordability and lends to
economic migration patterns where the population migrates
between provinces to seek employment, and therefore
informal household dwellings are realized, perpetuating
illegal connections and electricity theft. In an ailing
economy with high tax burdens, high fuel costs, high
electricity tariffs and a high unemployment rate the culture
of electricity theft and non-payment is prevalent. These
illicit actions further compound the problem in terms of
health and safety in communities and greenhouse gas
emissions for the country. It is therefore imperative that
South Africa address this problem as a matter of urgency.
The accomplishment of the mitigating strategy should
address a collective outlook on how electricity is generated,
distributed and sold to the end user. As part of the strategy
legislation and the implementation thereof needs to be
enforced with a zero-tolerance approach to create a lawabiding culture, which is currently lacking. Furthermore,
the strategy must include job creation and the timeous
completion of affordable electricity access to all, with the
provision of improving the policy on “Free Basic
Electricity” and address non-technical system losses
through innovative means in order to reduce the cost of
producing electricity, therefore improving tariffs to the
consumer. It is suggested that the South African electricity
regulator (NERSA) consider more stringent mechanisms
for non-technical loss mitigation, which might include
punitive and reward programs for loss management
improvement.

[10] ESKOM, "Integrated report 31 March 2018," Eskom, Johannesburg,
2018.

[11] M. Kojima and C. Trimble, "Making Power Affordable for Africa
and Viable for Its Utilities," The World Bank, Washington, DC,
2016.

[12] The-World-Bank, "Access to electricity (% of population)," 19902016.
[Online].
Available:
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS. [Accessed
04 11 2018].

[13] J. Morrissey, "The energy challenge in sub-Saharan Africa: A guide
for advocates and policy makers: Part 2: addressing energy
poverty"," Oxfam Research Background serries, Boston, USA, 2017.

[14] Worldometers, "Current World population," 03 11 2018. [Online].
Available:
http://www.worldometers.info/world-population/.
[Accessed 03 11 2018].

[15] MLA, "Sub Saharan Africa Population," 12 May 2019. [Online].
Available:
http://worldpopulationreview.com/continents/subsaharan-africa/. [Accessed 27 05 2019].

[16] International-Energy-Agency, "Africa Energy Outlook: A focus on
energy prospects in sub-Saharan Africa," International Energy
Agency, France, 2014.

[17] Daily-Yellowstone-Journal, "Chronicling America The Library of
Congress,"
27
March
1886.
[Online].
Available:
https://chroniclingamerica.loc.gov/lccn/sn86075021/1886-03-27/ed1/seq-2/. [Accessed 03 June 2019].

[18] T. Mbanjwa, "An analysis of electricity theft: The case study of
KwaXimba in eThekwini, KwaZulu-Natal," University of KwaZuluNatal, Durban, 2017.

[19] S. Zajkowski and K. Mays, "Under Lock and Key: Theft Protection
in Today's Utility Marketplace," 19 September 2013.

[20] Fin24, "Eskom operating costs could have been R85bn lower-Outa,"
06
March
2018.
[Online].
Available:
https://m.fin24.com/Economy/Eskom/eskom-operating-costs-couldhave-been-r85bn-lower-outa-20180306. [Accessed 01 June 2019].

[21] ESKOM-Operation-Khanyisa, "The Power is in your hands: Fact
sheet,"

2016.

[Online].

Available:

http://www.kwanalu.co.za/upload/files/OperationKhanyisaFactShee
t.pdf. [Accessed 02 June 2019].

[22] STATS-SA-Statistics-South-Africa, "Electrcity: big business for
municipalities,"
2017.
[Online].
Available:
http://www.statssa.gov.za/?p=10186. [Accessed 01 June 2019].

[23] STATS-SA-Statistics-South-Africa, "Quaterly financial statistics of
municipalities, March 2017," 2017. [Online]. Available:
http://www.statssa.gov.za/wp-content/uploads/2017/07/sell.png.
[Accessed 01 June 2019].

[24] STATS-SA-Statistics-South-Africa, "Quaterly financial statistics of
municipalities, June 2018," June 2018. [Online]. Available:
http://www.statssa.gov.za/wp-content/uploads/2018/10/image2.png.
[Accessed 01 June 2019].

[25] L. Grant, "How electricity power the revenue of municipalities," 17
July 2015. [Online]. Available: https://mg.co.za/data/2015-07-16municipalities-are-key-players-in-the-power-stakes. [Accessed 01
June 2018].

[26] STATS-SA-Statistics-South-Africa, "What do municipalities spend
money
on?,"
June
2018.
[Online].
Available:
http://www.statssa.gov.za/wp-content/uploads/2018/10/image1.png.
[Accessed 01 June 2019].

[27] Z. Rustomjee, "Mail and Guardian-South Africa's municipal
electrcity tariffs are hurting the economy," 22 May 2018. [Online].
Available:
https://mg.co.za/article/2018-05-22-south-africasmunicipal-electricity-tariffs-are-hurting-the-economy. [Accessed 01
June 2019].

https://www.sars.gov.za/Media/MediaReleases/Pages/20December-2018---Tax-Statistics-2018.aspx. [Accessed 01 June
2019].

[40] Eye-Witness-News(EWN), "EWN Exclusive: Eskom staffer reveals
his role in illegal electricity hook-ups," 4 March 2019. [Online].
Available:
http://www.702.co.za/articles/339927/ewn-exclusiveeskom-staffer-reveals-his-role-in-illegal-electricity-hook-ups.
[Accessed 03 June 2019].

[41] A. Clarke, "EE Publishers: Issues run deep in the fight against
electricity theft," 8 November 2016. [Online]. Available:
https://www.ee.co.za/article/issues-run-deep-fight-electricitytheft.html. [Accessed 3 June 2019].

[42] RSA-Goverment-Gazette-No:39522, "Criminal Matters Amendment
Act 18 of 2015," 15 December 2015. [Online]. Available:
https://www.saps.gov.za/services/flash/shg/cma_act_18_of_2015.p
df. [Accessed 01 June 2019].

[43] Operation-Khanyisa, "The Power Is In Your Hands," 29 August
2016. [Online]. Available: www.operationkhanyisa.co.za. [Accessed
01 June 2019].

[44] CarbonBrief, "The Carbon Brief Profile: South Africa," 15 October
2018. [Online]. Available: https://www.carbonbrief.org/the-carbonbrief-profile-south-africa. [Accessed 03 June 2019].

[45] STATS-SA-Statistics-South-Africa,

"Enviromental Economic
Account Compendium," March 2017. [Online]. Available:
http://www.statssa.gov.za/publications/Report-04-05-20/Report-0405-20March2017.pdf. [Accessed 03 June 2019].

[28] M. Maqhina, "IOL News-Debt owed to Eskom at R1bn a month," 13

[46] CAJ-News, "50 Killed in illegal Electrcity Connections in SA,

February
2019.
[Online].
Available:
https://www.iol.co.za/news/politics/debt-owed-to-eskom-growingat-r1bn-a-month-19277572. [Accessed 01 June 2019].

Eskom Deprived R20 Billion from Criminal Activities," 16 October
2017. [Online]. Available: http://weeklyxpose.co.za/2017/10/16/50killed-illegal-electricity-connections-sa-eskom-deprived-r20billion-criminal-activities/. [Accessed 03 June 2019].

[29] EE-Publishers, "Eskom's energy and revenue loss management," 6
June
2014.
[Online].
Available:
https://www.ee.co.za/article/eskoms-energy-revenue-lossmanagement.html. [Accessed 02 June 2019].

[30] ESKOM-Operation-Khanyisa, "Eskom's Operation Khanyisa to Flex
Muscle Against Electricity Thieves," 29 August 2016. [Online].
Available:
http://www.eskom.co.za/AboutElectricity/OpsK/Documents/OP_K
HANYISA_1.pdf. [Accessed 02 June 2019].

[31] I. Davidson, "Non-technical losses in power networks-analysis and
impact measurement," ResearchGate, January 2002.

[32] STATS-SA-Statistics-South-Africa, "General Household Survey,
2018,"
2018.
[Online].
Available:
http://www.statssa.gov.za/?p=12180. [Accessed 02 June 2019].

[33] IOL-News, "Eskom expresses pride on improved access to
electricity," 28 September 2018. [Online]. Available:
https://www.iol.co.za/news/south-africa/eskom-expresses-pride-onimproved-access-to-electricity-17259230. [Accessed 02 June 2019].

[34] STATS-SA-Statistics-South-Africa, "Quaterly Labour Force Survey
- QLFS Q:2019," 14 May 2019. [Online]. Available:
http://www.statssa.gov.za/?p=12115. [Accessed 01 June 2019].

[35] STATS-SA, "Statistics South Africa: Economic Growth," 04
November
2018.
[Online].
http://www.statssa.gov.za/?page_id=735&id=1.
November 2018].

Available:
[Accessed
04

[36] South-African-Market-Insights, "South Africa's Population Density
Map Category: Socio-economics," 25 July 2018. [Online].
Available:
https://www.southafricanmi.com/population-densitymap.html. [Accessed 04 November 2018].

[37] STATS-SA-Statistics-South-Africa, "Statistical Release P0302:
Mid-Year population estimates 2018," 23 July 2018. [Online].
Available:
http://www.statssa.gov.za/publications/P0302/P03022018.pdf.
[Accessed 01 June 2019].

[38] STATS-SA-Statistics-South-Africa, "Statistical Release P0211:
Quaterly Labour Force Survey-Quater 1:2019," 14 May 2019.
[Online].
Available:
http://www.statssa.gov.za/publications/P0211/P02111stQuarter201
9.pdf. [Accessed 01 June 2019].

[39] South-African-Revenue-Services,
December

2018.

"Tax Statistics
[Online].

2018," 20
Available:

[47] KNOEMA, "World GDP Ranking 2018-GDP by Country-Data and
Charts,"
15
April
2019.
[Online].
Available:
https://knoema.com/nwnfkne/world-gdp-ranking-2018-gdp-bycountry-data-and-charts. [Accessed 03 June 2019].

