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ABSTRACT 

The motivation to conduct this study arises from the current uncertainty of electricity securi ty 

in South Africa (SA). Between the last quarter of 2007 and the first quarter of 2008, South 

Africa experienced the harshest realities of inadequate electricity in its national grid. This is 

based on the fact that the capacity of the parastatal whi ch contro ls over 96% of electricity 

generation could not meet the South African societal demand. This study was a ho listic and 

comprehensive analysis of the fundamental challenges, associated with the current electricity 

inadequacy problems throughout four articles. An article approach was utilised. 

The first article assessed the effectiveness of strategic management of electricity in South 

Africa. The empirical research utilised a content analysis methodology. A purposeful reviewing 

of publications on the most critical concerns was utilised. The analysis was generated through 

Atlas-ti 8 for windows. The empirical research indicates that strategic management failures and 

the lack of an integrated strategic management approach to electricity supply and distribution 

have been a major stumbling block to averting an energy crisis in South Africa. 

The second article aimed at contributing to domestic electricity adequacy by assessing four 

primary factors linked to e lectricity consistency and analysing consumption behaviours 

through one primary factor, ten energy intensive domestic appliances and seven commonly 

used alternative domestic energy sources. The empirical research employed a quantitative 

survey research design. The target population included Gauteng and North West provinces. A 

purpos ive-convenience sampling was employed to select participants for the empirical 

research. Data collection utilised a closed-ended questionnaire and fi eld workers to gather 

reliable data. Data collection on factors was collected through a five-point Likert scale and 

dichotomous questions while analysing consumption behaviours on appliances and alternative 

energy sources utilised dichotomous questions . The four primary factors linked to electricity 

consistency reflect that consistency of supply to domestic consumers is ineffective as living 

standards are affected in general. Resu lts from appliances reflect that energy-intensive 

appliances are still, in general, being used by society. Beside th is tendency, significantly old 

modelled appliances are also still in use. Despite high electrical energy use and demand, more 

than a third of alternative energy sources (for example, coal and wood) are used which could 

result in environmental and physical consequences. 
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The third article aimed at contributing towards effective industrial electric power supply to 

achieve sustainable industrial and economic growth. The empirical research uti lised a 

quantitative research design and a survey approach. The empirical research was pursued to 

identify the association between electricity consistency and industrial growth in South Africa. 

The empirical research also evaluated the effectiveness of implementing mit igation strategies 

to prevent interruptions and obstructions in economic activities through electricity disruptions . 

Intensity control programmes were also accessed, suggesting the importance of electricity 

control. The geographical area for the empirical inc luded the Gauteng and North West 

provinces. A purposive-convenience sampling method was employed to target industrial 

categories reflecting a significant trend of industrial economic development in South Africa. 

Business categories from the service, manufacturing and mining industries were considered. 

Data collection utilised a closed-ended questionnaire (Likert scaled questions) and employed 

field workers to obtain reliable data. Resu lts show that electrical energy is a primary production 

and operational factor for industrial activities. Findings also reflect that the industrial sector is 

vulnerable to shocks arising from the inconsistent su pply. It was also found that there are 

limited mitigation strategies to protect the continuity of industrial activities during periods of 

electricity disruptions. The empirical research also revealed that there is limited electricity 

control as continuity of supply and efficiency are not effectively legislated. 

The fourth article was aimed at determining the steadfastness of the South African electricity 

grid in meeting consumers' current and future demands. A quantitative research design was 

employed. A multiple time series research method was utilised. Secondary data was retrieved 

for key determining variables to electricity generation from the first quarter of 1998 to the last 

quarter of 2015 . The £views statistical software was employed to obtain regression 

probabilities through the Ordinary Least Square model (OLS) specification. The Engle­

Granger approach was used to establish whether co-integration exists between the independent 

and the dependent variables. The co-integration analys is reflects that there is a significant long­

term relationship between the independent and the dependent variables. 

A holistic and comprehensive integrated strategic management framework for electricity 

adequacy has been recommended. It is hoped that the findings of this paper are used to advise 

energy policy legis lature on pr iorities towards electricity supply adequacy in South Africa. 
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RESUME 

Cette etude a ete motivee par l' insecurite observee clans le secteur de la production de l'energie 

electrique en Afrique du Sud ces dernieres annees. Du dernier trimestre de 2007 au premier 

trimestre de 2008, I' on a observe !es pires inconsistances jam a is connues en Afrique du Sud 

en rapport avec l'inadequation entre l' offre en production d'energie et la capacite a produire 

l'energie clans I 'ensemble du reseau electrique du territo ire. Cette etude a done ete menee clans 

l'optique d ' analyser en profondeur et de maniere holistique !es raisons de cet etat des choses a 
travers quatre articles. 

Le premier article evaluait l'effectivite de la gestion strategique de l'energie electrique en 

Afrique du Sud. A cet effet, la methodologie qui nous a semblee appropriee etait !' ana lyse du 

contenu. Une revue approfondie des publications ayant effectuees !es analyses !es plus 

pertinentes sur des aspects !es plus importants a ete faite. Les donnees ont ete generees et 

analysees via Atlas-ti 8 pour Windows. De cette recherche empirique ii decoule que des 

manquements dans le management et I 'absence d ' une gestion strategique integree des 

structures en charge de la production electrique sont un obstacle majeur a la prevention des 

crises energetiques en Afrique du Sud compte tenu de la complexite des gr illes. 

Le deuxieme article visait a soul igner l'inadequation qui existe entre !' utilisation domestique 

de l'electricite et le comportement des consommateurs a travers !'evaluation de quatre facteurs 

cles, dix appare ils domestiques energetivores et sept alternatives utilisees couramment pour la 

production de l'energie electrique domestique. La recherche empirique menee dans ce cas ci a 

ete basee sur une enquete quantitative. La population ci ble etait !es provinces du Gauteng et du 

ord-Ouest. Un echantillonnage de commodite proposes a ete utilise pour selectionner !es 

participants. La co llecte de donnees s'est faite a !' aide d ' un questionnaire ferme adresse a des 

travailleurs sur le terrain pour obtenir des donnees fiables. La collecte des donnees sur !es 

facteurs a ete realisee grace a une echelle de Likert a cinq points et des questions 

dichotomiques, tout en analysant !es tendances de la consommation des appareils et !es sources 

d'energie alternatives. Les quatre facteurs principaux en matiere de consistance de l'energie 

electrique montrent que l'approvisionnement en electricite des consommateurs domestiques est 

insuffisant car le niveau standard de vie sur le plan domestique est en general affecte. En ce 

qui concerne !es appareils electriques, il ressort que !es appareils tres energetivores sont tres 

utilises avec un gout pron once pour des anciens modeles. II a egalement ete constate que malgre 

une hausse de la demande en energie electrique, plus d'un tiers des sources d'energie 

alternatives qui peuvent entrainer des consequences dangereuses physiques et 
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environnementales sont utilisees. Cette recherche empir ique souligne la necessite de prioritiser 

!'amelioration de l'adequation entre l'approvisionnement en electrici te domest ique et l'offre de 

l'energie electrique. 

Le troisieme article visait a contribuer a une amelioration de l'offre de l'e lectricite industrie lle 

pour assurer une croissance industrielle et economique durable. La methodo logie utili see ici a 

ete la recherche quantitative et le sondage. E lle v isait a identifier !'association entre la constance 

de l'energie electrique et la croissance industrielle en Afrique du Sud. Elle evalue egalement 

l'efficacite de la mise en ceuvre des strategies de mitigations afin de prevenir !es entraves aux 

activites economiques dues aux perturbations de l'energie electrique. Les programmes de 

contr6le de l'intensite ont egalement ete co nsultes, dans le but de souligner !'importance du 

contr6le de l'electricite. L'etude geographique s'est concentree dans la province du Gauteng et 

du ord Ouest en Afrique du Sud. Un echantillonnage a contingence intentionnelle a ete utilise 

pour cibler !es categories industrielles refletant un potentiel important pour le developpement 

economique industriel en Afrique du Sud. Les categories des industries de la production et de 

!'exploitation miniere ont ete examinees. Les donnees ont ete obtenues a !'aide de 

questionnaires avec des questions conr;:ues dans !es parametres de l'echelle Likert. La collecte 

de donnees s'est fa ite grace a un questionnaire ferme et des ouvriers ont ete approches sur le 

terrain pour obtenir des donnees fiables . Les resultats montrent que l'energie electrique est un 

facteur de production essentie l pour !es activites industrielles. II ressort egalement de cette 

etude que le secteur industrie l est vulnerable a l' approv is ionnement inconsistant de l' energie 

electrique et qu'il ya des limites au niveau de la pratique des strategies de mitigations afin 

d ' assurer la continuite des activites industrielles pendant !es periodes de d ' interruption de 

l'e lectricite. La recherche emp irique a egalement reve le qu'il y a un insuffisant contr6le de 

l'electricite, car l'intensite et l'efficience de l'electricite ne sont pas legiferees de far;:on effective. 

Le quatrieme artic le visait a determiner la fermete du reseau electrique sud-africain pour 

repondre aux demandes actuelles et futures des consommateurs. La recherche quantitative a 

ete utilisee en plus de la methode de recherche a plusieurs series chrono logiques. Des donnees 

secondaires ont ete recuperees pour !es principales variables de determination de la production 

d'electricite du premier trimestre de 1998 au dernier trimestre de 2015. Le logiciel statistique 

£views a ete utilise pour obteni r des probabi lites de regression selon la specification du modele 

de moindre poids ordinaire (OLS). L'approche Engle-Granger a ete utilisee pour etablir si la 

co-integration existe entre !es variables independantes et dependantes. L'analyse de la co-
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integration reflete qu ' il ya une relation significative de long terrne entre !es variables 

independantes et dependantes . 

Un cadre holistique et cornplet de gestion strategique integree pour l'adequation de l'e lectricite 

a ete recommande, dans l' espoir que !es resultats de cet article serviront a ame liorer la 

legislation en matiere de politique energetique tout en tenant compte des principales priorites 

dans le secteur de l'energie electrique en Afrique du Sud afin, d'endiguer Jes inadequations 

observees. 
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND TO THE STUDY 

1. INTRODUCTION 

Inglesi-lotz (2011) states that in the last decade, research on energy has received great attention, 

globally due to the shortage of energy as well as the severe projected consequences to the 

environment. As stated by Khan et al. (2011 ), ensuring the availability of suffic ient, affordable , 

and environmentally friendly energy, has become one of the major challenges faced by the 

world in the twenty-first century. It is vital to examine and control energy and more specifically 

electrical energy and identify its effects on the performance of the economy and industry. 

lnglesi and Pouris (2010: 1) assert that, by 2007, Eskom, the majority distributor of electricity 

in South Africa, has experienced a lack of capacity in the generation and supply of adequate 

electricity. As a result, Bah and Azam (2017) highlight that by the first quarter of 2008, 

blackouts became commonplace in the country, with damaging effects on households and 

industries . Sebitosi (2008) had stressed that policy inadequacies before 2008 led to South 

Africa getting under the grip of an electric power crisis, which was threatening the core of the 

economy. Sebitosi (2008) posits that such forecasts and predictions should have been followed 

by the deve lopment of reliab le alternative strategies to guard against the crises. Trollip et al. 

(2014:3) allude that even when definitive policy statements have been made at the highest­

level , implementation has been problematic due to other contingencies and general 

ineffectiveness. 

The negligence also points out that South Africa's lack of decisiveness during the 

implementation of effective strategic policies to ensure electricity efficiency during its harshest 

times of electricity constraints have a huge impact on economic development. As stated by 

Sebitosi (2008) electrical power shortages in South Africa stem from the managerial 

incompetency in almost all the electricity-related national parastatals, especially those in 

charge of the administration of electricity in the country. Such entities include the Electricity 

Supply Commission (ESCOM) and National Energy Regu lators South Africa (NERSA). 

Kenny (2 0 I 5 :6) emphasises that the managerial procedures at Eskom have been ineffective 

with decision-making mainly based on political agendas. Managers apparently pre-occupy 

themselves with other goals, such as artificially keeping the price of electricity low, for social 

purposes with little interest and experience in ensuring adequate future electric ity supply. 
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Altman et al. (2010: 18) support this observation by mentioning that there have been cont inuous 

concerns raised about the business acumen of Eskom 's ever-changing top management. 

Oberholzer (2008:2) states that only in recent times the public sector accepts the bl ame for lack 

of strategic planning for future electricity usage. This came only after it emerged that a White 

paper drawn up by the Department of Minerals and Energy in 1998 forecasted that electricity 

would be in short supply after 2007, should expansion plans not be implemented. Inglesi and 

Pouris (20 I 4:88) emphas ize that South Africa should have been highly experienced by now in 

containing a crisis of this magnitude, prior to steps made during the global financial crisis in 

2009. 

The primary focus of this study was the effectiveness of strategic activities towards electricity 

adequacy in South Africa. The study assesses strategic failures and the current inadequacy of 

supplying electricity to the South African market. An evaluation of supply and consumption of 

electricity in the domestic and industrial sectors were also conducted. Burlando (20 I 0: 1) states 

that there are significant effects of electricity inadequacy on economic activities and domestic 

quality of life. The empirical study also conducted an assessment of electricity security in South 

Africa. Musango et al. (2011) assert that electricity demand and consumption in South Africa 

mainly comes from the domestic and industrial sectors. These sectors have been responsible 

for over 60% of the energy demand annually. 

Bah and Azam (2017) concur that deep-rooted problems in the South Africa electricity sector 

are currently a primary contributor to elements threatening the core of its economy such as 

potential state capture. The South African economy is now officially in a recession with a 

contraction of 0. 7 percent. Critical concerns such as demand and supp ly inconsistency of 

electricity remains an ongoing and unresolved problem. After the first quarter of 201 7, Eskom 

warned the public on forthcom ing temporary load-shedding activities for the rest of 2017. 

The aforementioned agendas were essential subjects to identify evidence that could assist 

towards a successful policy implementation in energy supply and regulation in South Africa. 

The empirical research seeks to expand the existing electricity supply and distribution policy 

methodologies to remedy the current electricity insecurity by incorporating a re liab le System 

of System (SOS) integrated strategic management framework. !skin (2014:5) agrees that an 

energy organisation's management ideology regarding energy advancement will determine the 

possibility of an effective strategic management of an electricity grid. 

2 



1.1 Motivation 

Since 2008, South Africa started experiencing severe electricity shortages. Domestic and 

industrial electricity users ' functioning and production ab il ities were hampered by widespread 

rolling black-outs across the country . This disruption became more intense as demand exceeded 

supply. The question is: how can a country like South Africa, which always had more than 

electricity supply, suddenly find itself in this predicament? Pouris (2008) argues that the 

primary reason for the electricity crisis and the difficulties in reaching an effective solution to 

the current problem is the lack of research on energy management in South Africa in general. 

Several strategies have been imp lemented, from load shedding to the most current construction 

of additional electricity plants. However, these aforementioned strategies have been less 

effective considering that they are more technically focused with no reliable and tangible 

outcomes at the moment. To the detriment of Eskom, labour unrest has been the reason for 

serious stoppages of completing the super energy station like Medupi and Kusile (Van Zyl, 

2017: 1). ational leadership has played a huge role in allowing parastatals like Eskom to make 

sensible and nimble decisions without political interference (South Africa Risk Report 

(SARR), 2017:64). 

Eskom argues that the lack of adequacy can only be reso lved by building new power plants. 

Concurring with Inglesi (2010), a major question posed is whether or not supplying more 

electricity would be the solution to the predicament. Kenny (2015: 1) agrees that it cou ld take 

years for the current operational energy sources to meet present demand, let alone future 

demand. The answer to such a question is that a more re liable strategy and operationalisation 

should be followed. Strategic variables are envisaged as being of major importance to solve 

this energy capacity and supply crisis . 

Kenny (2015 :5) maintains that, in 1969, South Africa faced a brief electricity shortage with 

electricity demand that threatened to outstrip supply after the national economic growth rate 

had topped 6%. As far back as the origin of the cris is (1969) , a reliable strategic decision 

framework has not been established , thus no strategic decision-making from both the regime 

and the democracy. Based on the afore discussions, an integrated strategic planning and 

implementation is perceived as a possible solution. If implemented effectively, the expected 

outcome should contribute significantly towards electricity supply and distribution adequacy 

in South Africa. 
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1.2 Literature study 

The following sections present a brief overview of electricity supply and demand crisis and the 

administration of the South African electricity industry. 

1.2.1 Outlook of the electricity capacity cris is in South Afri ca 

Maasdam (2008: 1) traces the events that have triggered the acute electricity crisis in South 

Africa as dating back to the post-1994 era. Eskom provided cheap electricity to industries, 

which became the base for economic development. Plans to export cheap energy to the rest of 

Africa encouraged an investment programme which started in the early 1970s. Koen (2012:5) 

states that in pursuit of this abundant supply, ESCOM made dec isions with far -reaching 

economic consequences. By the time the new power plants were up and running in the early 

1980s, South Africa ' s economy was in trouble with overcapacity in the energy sector. 

In post-1994, the customer base of Eskom grew fast, as the government saw cheap electricity 

as part of their reconstruction and development programme. Inglesi (20 11) states that the 

electricity demand is on an annual increase of four percent, doubling the total demand and 

requiring a 40 Gigawatts (GW) additional capacity by 2025 . In South Africa, the electricity 

mismatch of supply and demand has been of major concern to energy policymakers. Eberhard 

(2006: 156) confirms that electricity supply and demand remain inconsistent. The electricity 

industry is plagued with uncertainty and insufficiency as regulators have failed to set 

generation, distribution and capacity standards. A reflection of the nature of the problem 1s 

shown in figure 1.1. 
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Wright et al. (2017:33) maintain that the demand for electricity is currently on a fast rise and 

there is a need to grow capacity to sustain the demand gap. The supply and demand balance of 

the South African grid considering all existing operational production plants as well as plants 

under-construction and projected plants construction from 2016 to 2040 is reflected in figure 

1.2. 
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Inglesi-lotz (2011) highlights that the South African economy has been on an unstable 

economic growth rate due to decreasing industrialisation as electr icity demand rises above 

available capacity. This very fact has probably played a ro le in the current recession the country 

is experiencing with a contraction of 0. 7 percent. Martins and McBaid (2013: 10) state that out 

of 94 sampled countries in the world, South Africa was the 78 th with regards to the potential of 

its electricity security. Dinkelman (2011) states that there are difficulties encountered in 

critically analysing the characteristics of South Africa's electricity inconsistency. The root 

toward improving electrification in South Africa was more politically motivated. Electricity 

restructuring projects were very random, ignoring the economic implications and therefore 

making it very difficult to identify and solve the comp lexity facing the grid in general. On 

average Eskom's power plant generators' lifespan are currently at 60%. Eighty percent of 

Eskom 's power plants maintenance interval has exp ired to date (Van iekerk, 2015:8). 

Eskom's power stations ' operational life is refl ected in figure 1.3. 
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Figure 1.3 Eskom 's age cycle of the most important p ower stations 

Van Niekerk (2015:18) 

Pegels (2010) maintains that Eskom seeks to improve on its electricity saving capacity through 

capacity improvement programmes and to promote the increased insta llation of e lectrical 

energy for consumers. Altman (2013 :6) maintains that the perspective to improve capacity has 

so far concentrated on building new technology. It is v iewed that such capacity improvement 

programmes would have prevented a shortfall in generating capacity. Eskom (2015:3) states 

that electricity generation and transmission projects could unlock additional connection 

capacity by 2022. 

Pegels (20 I 0) however maintains that there are arguments of management short-sightedness to 

some of these electricity enhancing capacity projects as policies have failed to prioritise the 

important agenda which entai ls future electricity security. Kenny (2015 :2) argues that the 

capital costs of Eskom construction of its most important coal station~ Medupi, exceeds RI 00 

billion and the capital cost per unit of product (a kWh of electricity) is very low at R 1,05 /kWh. 

Medupi ' s projected life of 40 years or more, will produce an enormous amount of electric 

energy of 4800 Megawatts (MW). Pegels (201 0) highl ights that focusing on the current 

advancement of capacity on coal technology is dangerous as this could aggravate the South 

African emissions problem and might negatively affect capacity advancement in the long-run. 

Gross (2012:6) therefore submits that, during 2012, Eskom was ranked as the second highest 

Carbon-dioxide (Co2
) emitting energy company in the world. Laker (2012:33) adds that the 

newly constructed Medupi coal-fired station a lone is estimated to emit over 29 .9 million tonnes 

of carbon-dioxide. 
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1.2.2 Challenges of the electricity capacity crisis 

From the importance of electricity in general, Kenny (2015: 1) maintains this commodity is one 

of the most important new technologies of the 21 st century. In households around the world , it 

is accepted as one of the three essential services along with water and sewerage. Howells et al. 

(2006) state that access to electrification in South Africa deteriorates year-on-year since 2000. 

Howells et al. allude that low-income households such as impoverished settlements in 

townships have been experiencing a negative pattern in electricity supply. As far back as 2000, 

Cecile (2000:36-38) submitted empirical find ings on the challenges of electrification of South 

African households , reflecting that electricity access was a major challenge to the domestic 

sector. The empirical research also determined that significant percentages of electrified 

households still resort to other forms of energy . Abd'razack et al. (2012) agree that poor 

domestic households in most developing countries tend to be more incapable of acquiring 

reliable modern electricity due to lack of finance and political will to change the lives of the 

poorest of the poor. They depend on alternative unclean sources such as wood and kerosene. 

Research has it on record that four out of five people without electricity live in rural areas in 

the developing countries (Amadi, 2015). Kojima and Trimble (2016: 16) mention that 

electricity access to households is poor in Africa due to the unreliab ility of the grids , high initial 

connection costs and high consumer price. Thopil and Pour is (2013) concluded a study, 

comparing and ranking global domestic and industrial electricity prices in 17 countries. Within 

the context of this ranking South Africa is positioned as the 11 th least expensive country 

regarding electricity tariffs . If the real electricity price keeps on increasing in South Africa 

while that of other sampled countries remain the same, it will take South Africa from 11 th to 

about 15 th position. Amadi (2015) argues that electricity promotes economic well -being and 

makes social life meaningful. 

Makgetla (2008: 12) maintains that electricity inadequacy is affecting the operationalisation of 

the South African industrial sector. The mine, chemical, agriculture and nutrition industries 

have been unable to operate as required due to limited power. The retail cold-chain sector is 

seriously disrupted due to limited electricity to power fr idges and cold houses. In general , Small 

and medium manufacturing businesses that account for over 60% of South Africa ' s 

employment have been seriously injured. Altman et al. (2010:28) project that there 1s a 

likelihood of electricity supply shortages on the industrial sector stretching beyond 2017 . 

According to Kenny (2015 :7) in January 2008 , during a period of heavy rains, most coal 

stations failed tumbling capacity, leading to blackouts and shutting down various gold mines. 

7 



A similar situation occurred during the first quarter of 2017 disrupting road transportation of 

coal to power stations leading to temporary power cuts. These power cuts were primarily 

experienced by production companies that required high electricity volumes from municipal 

generators. According to aidoo (201 7: 1 ), four South Afr ican provinces have been affected by 

municipality power cuts , during the first quarter of 20 I 7. Eskom claims that these mentioned 

power cuts were to alert defaulting municipalities to pay their electricity debts. Unfortunately, 

this affected the functioning of the industry. 

As the crisis proves persistent, Altman (2013:14) points out that electricity rate hikes are worse 

on industries that are supplied by municipal distributors. After a study (fee structure) done by 

National Energy Regulators South Africa NERSA (2012:6) amongst 25 municipalities, the 

results reflected a 39 to 90 percent fee increase during the second quarter of 2008 to the second 

quarter of 2010. Based on NERSA guidelines, municipal electricity rates for entities should 

have increased by 49 percent to 59 percent over these mentioned periods. Twelve of these 

municipalities raised their small business tariffs from 60 percent to 90 percent over this period . 

NERSA findings also reflected that industries supplied directly by Eskom paid about half the 

price as compared to municipally supplied businesses. These findings initiated the municipal 

tariff guideline implemented by NERSA to ensure fair municipal electricity pricing (NERSA, 

2017:3). 

Von Ketelhodt and Wocke (2008) analyse that effects from the electricity crises are currently 

felt across the South African business environment. The lack of low priced primary energy 

sources and increased construction costs for new power stations are all adding pressure to 

electricity prices for business industries. Baker (2010:3) mentions that the industrial electricity 

price would have risen by 30% in 2020. 

Altman et al. (2010:9) point out that there is a real concern that rising electricity prices 

encourages firms to shut down production or contain expansion with resultant downstream 

impact on economic growth . However, James (2014: l) reports that the South African business 

sector is extremely concerned about the short to medium term power inadequacy. 

1.2.3 Profile of the South African electricity industry 

Electricity was first generated in South Africa around 1882. The creation of the Union of South 

Africa in 1910 initiated the development of electrical systems under the administration of 

municipal and private utilities , governed by a range of provincial and municipal laws . By 1920, 

authorities tabled a coordinated electricity system to support growing industrial demand. A 
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national transmission grid was established in the early 1970s spawning the long-term 

institutional and technical pattern of South Africa ' s e lectricity industry (Amusa et al. 2009). 

Amusa et al. (2009) note that Eskom generates 96 percent of South Africa's electricity while 

private generators produce around 3 .2 percent and municipal authorities generate 0. 8 percent. 

Mushwana (2009:20) states that the creation of the Electricity Regulation Act No. 4 of 2006 , 

called for the establishment of the ational Energy Regulator of South Africa (NERSA) as the 

custodian and enforcer of the regulatory framework provided by the act. Section 3 of the act 

states that the role of ERSA was to ensure that the interests and needs of present and future 

electricity consumers and end users are safeguarded and met. Eskom has 27 power plants in 

South Africa that generate over 42040 GW of the country's 43.9 GW capacity . A representation 

of Eskom 's current generation capacity is reflected in figure 1.4. 
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Figure 1.4 Current Eskom generation capacity 

Ma tona (2015:7) 
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The figure represents details of the current position ofEskom's generation capacity. The colours represent the status of the generati ng plants. 
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1.2.4 Strategic management in the electricity industry 

Brown (20 I 2:5) maintains that an integrated strategic management approach enables an 

organisation to access additional knowledge, expertise and resources to create a collaborative 

advantage by linking variables. Geldenhuys et al. (2003) state that the raison d'etre of 

integrated management decisions invo lve the establishment of mu lti-disciplinary 

transformations. It requires a shift in the manner in which an organisation 's operational 

processes are developed, delivered and managed. 

According to Kodama (2010: 15) an effective strategic decision-making over the questions of 

what organisational procedures to implement by large corporations relies on interlinking 

various functional areas from its internal to the external environment. Such interconnections 

play a significant role in the value chain. Lalk (2015:5) says a country's energy system is highly 

complex and its advancement requires an SOS approach. Haskins (20 I 1 :6) states that this 

implies a system-of-interest whose system elements are themselves systems. It consists of 

large-scale inter-disciplinary problems requiring heterogeneous solutions. Johnson and 

Suskewitz (2009) say that since energy system planning is dominated by the state, 

policymakers should also carefully balance state objectives to standard business models with 

implementation decisions that are cautious of strategic market parameters. 

1.2.5 Strategic management of the South Africa utility industry 

Gnansounou et al. (2008) have produced research in the Economic Organisation of West 

African States (ECOWAS) electricity crisis, and they found evidence that challenges were 

rooted in the implementing strategies that are not in line with the fundamentals of effective 

integrated strategic management. Rue and Holland (1989:31) observe that a strategic model 

consists of the following elements : 

(1) Status quo analysis. 

(2) Possible opportunities for the future. 

(3) Identifying and mapping the future. 

( 4) Implementing strategies. 

(5) Evaluating and management strategies, outlining the fundamental strengths of an effective 

integrated strategic model. 

Dergiades and Tsoulfidis (2008) argue that the electricity supplies industry is high ly complex 

and highly capital intensive. A rigorous analysis of the determinants of electricity supply and 

its accurate forecasting to demand are of vital importance for sustainable and adequate supply. 
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Projecting aggregate electricity demand and supply is essential for informing policy developers 

in the design of an effective energy policy to deal with current and future electricity needs for 

possible effective electricity sector management and planning. 

Rue and Ho lland (1989:31) point out that an effective strategic plan should survive the test of 

time. Arguably, South Africa's energy industry has a history in designing deficient strategic 

frameworks for energy supply and consumption. The development of a deficient strategic plan 

in the South African energy industry was first manifested in the 1998 Energy White Paper of 

South Africa. According to Kenny (2015 :8), most suggestions in the 1998 South Africa Energy 

White Paper are perfectly comprehensive. Alternatively, the White Paper failed to address the 

fundamental problem of electricity generation and supply in South Africa, contributing to the 

present supply inadequacy predicament. 

The South African Government policies and strategic response to supply adequacy and energy 

crisis are in several publications by the Department of Energy since the crisis from 2007 /2008. 

Lalk (2012:2) outlines documents that have been re leased that were aimed towards a more 

secure energy future in South Africa, and these include the Energy Effic iency and Demand 

Side Management Policy (EEDSM), uc lear Research (NR), Development and Innovation 

Strategy ( ERDIS) (The NERDIS did not materialise, and its current status is unspecified), 

Industrial Policy Action Plan (IPAP2), Nuclear Energy Policy (NEP) and the Integrated 

Resource Plans (IRP). 

Lalk (2015 :2) demonstrates that the IRP2010 (IRP2) published in 2011 have been the core 

guidelines for future energy security in South Africa till 2025. Laker (2012:30) states that any 

energy advancement in South Africa must be within the objectives of the IRP2010. Martin and 

Atkins (2013 :4) say that the IRP in the South African context is an official national electricity 

plan. Its mandate is to guide and direct the expansion and sustainability of the electricity 

production and supply in South Africa over the long term. The government views it as ideal 

for achieving the projected electricity demand with minimum cost. Lalk (2015: 1-5) presents 

constructive criticisms to the fact that even though the IRPs appear to address different 

challenges, it falls short in many aspects: 

• The Department of Energy (DOE) does not clearly understand their policies. 

• It is questionable if Eskom who controls over 96 percent of energy administration in South 

Africa was duly consulted. 

• It is not clear whether or not the modell ing of plans resulted from a comprehensive and 

detailed integrated analys is of South African energy needs. 
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• Implemented models have been based on previously existing government planning 

parameters with no flexibility for long-term energy plans. 

• Policies do not quite match the current energy realities towards a sustainable and 

environmentally friendly production and usage of energy. 

• The nature of a national energy system is very complex and the lack of a systems approach 

to implementing policy frameworks has resulted in massive mistakes . This is evident in the 

government's obscure actions. 

• The IRP 2010 seems to be the future energy decision policy, but conflicts exist between the 

IRP20 IO and other latest policy release like the ational Development Plan (NDP) which 

has solid government support. There are intense contradictions on the focus towards energy 

security within these two documents. 

• The IRP2010 failed to address the long-term energy security of South Africa. It is evident 

in its non-consideration of growing modern energy production technologies such as 

biomass, geothermal and tidal energy . 

Laker (2012:30) highlights that a system with no flexibility prevents the opportunity for a 

radical change. Fisher (2013 : 18) states that the IRP2010 has been approved by the government 

to be the future map for the South African grid advancement for the next 25 years , after it was 

officially launched in May 2011. Fisher (2013: 19) therefore agrees that the IRP2010 modelling 

is a sketchy approach, involving mapping future supply options on historical data and moderate 

demand predictions structured by Eskom. It is technically a business as usual approach that has 

just about 2.9 percent yearly growth in electricity for the entire IRP2010 planning horizon. 

Fascinatingly, an update of the IRP2010 re leased for public comment in 2013 with a much 

better effort in attempting to address the bigger picture of the South Africa energy needs was 

not accepted by the cabinet, leaving the original and flawed IRP2010 as the inept plan of choice 

(Lalk, 2015 :5). Cabinet surely needs to know how to fo llow systems approaches . 

1.2.6 Strategic system development 

Throughout the path of the human evolution, systemisation have been prioritise as the most 

effective concept in solving challenging complex problems. Despite the fact that there have 

been the emergence of different theories on system development, Cordon (2013) note the 

following philosophies still underpins the knowledge of system development. 
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• Evaluating the identified problem as a whole and constructing a system that caters for all 

sub-problems identified in order to so lve the primary problem. This philosophy holds that 

it is more effective in solving a problems by constructing holistic systems . 

• Solving the identified problem by breaking down a large complex problems into smaller 

manageable portions. The philosophy holds that an identified problem should be solve by 

constructing separate systems for each identified sub-problems . 

According to Cordon (2013), the construction of systems to enhanced wellbeing of humans 

tend to be the most complicated structures to attain . It is primary to effectively integrate a 

system development to the objectives of an identified problem in order to construct a system 

that will attain a sustainable change. Meadows (2009: 12), maintains that a system becomes 

depreciated of its 'system-ness' when all it sub-systems cannot longer function in an integrated 

fashion. A system problem so lving philosophy is underpinned by two rudimentary aspects, 

which inc lude considering the realities of a problem as units , and acknowledging that the units 

are essential part of a holistic system env ironment, as units interacts within the system. 

Generally commended system thinkers such as Von Bertalanffy (1968), Senge (2006) and 

Wheatley (2006) have asserted that the world is a unify environment, where everything is inter­

related, approaches to solv ing complex problems by estab lishing separate manageable 

elements that cannot be integrated is not sustainable. Element-based systems development has 

been the case with most structures designed for electricity adequacy in South Africa. The 

empirical research of the study identified an integrated strategic system framework as the 

sustainable approach to electr icity adequacy in South Africa. 

1.3 Problem statement 

Several attempts have been made by the government and the energy industry in addressing the 

problem of electricity inadequacy in South Africa. However, the crisis has been persistent as 

electricity inconsistency continues, establ ishing the ineffectiveness of implemented strategies. 

Matona (2015:9) reports that techniques such as improving electricity plants and load shedding 

activity, which is considered to be Eskom 's primary approach have increased rapidly from 4.3 

percent in 2008 to 14.8 percent currently. 

The electricity crisis in South Africa shares a similar context as Bangladesh based on a study 

conducted by Ahmed (2011). Ahmed traces the electricity crisis in Bangladesh to have 

originated from poor estimation between demand and supply from 1990 by the electricity 

parastatal , Bangladesh Power Development Board (BPDB), which administers 66 percent of 
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electricity generation under the Ministry of Power, Energy, and Mineral Resources (MPEMR). 

Despite several programmes adopted by the Bangladesh government such as incorporating 

public-private-partnership, the building of power stations and changes in the management 

structure of the electricity sector and energy department, the Bangladeshi government has not 

succeeded in mitigating the crisis. 

The crisis has become acute with intense load shedding, increasing electricity inefficiency, high 

debts, inadequate funding to the BPDB and ineffective electricity pricing. Ahmed was very 

clear that the persistent crisis resulted from ineffective strategic management with regards to 

every single method that was implemented as a remedy to the crisis . A high percentage of the 

implemented methodologies were weak and politically motivated to continue the bureaucratic 

culture of the ruling party, the Awami League. 

Koen (2012:11) observes that the uncertainty by the ruling party, the African National 

Congress (ANC) unfocused administrative policies on Eskom through the DOE, have all 

cumulatively affected the smooth functioning of the parastatal , Eskom. Trollip (2014:3) states 

the electricity crisis is very complex, and an effective integrated strategic approach is most 

needed to analyse and address challenges to its integrity. 

Thus, the problem identified in this study relates to the lack of a standard integrated strategic 

system of system (SOS) framework for the attainment of electricity adequacy in South Africa. 

1.4 Research objectives 

This study seeks to: 

• Investigate the strategic management fai lures pertaining to the ongoing electricity crisis in 

South Africa. 

• Assess the impacts of the low electricity supply on the South African domestic sector and 

relating consumption behaviour. 

• Evaluate the effect of inadequate industrial electricity supply on industrial growth in South 

Africa. 

• Determine the electricity security by analysing significant determinants to the reliability of 

the grid . 

• Develop a reliable and applicable SOS framework for electricity adequacy in South Africa. 

1.5 Research questions 

• What are the strategic fail ures to the ongoing electr icity crisis in South Africa? 
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• What are the impact of the low electricity supply in the South African domestic sector and 

relating consumption behaviour? 

• What is the effect of inadequate industrial electricity supply on industrial growth in South 

Africa? 

• What is the electr icity security of supp ly in South Afr ica? 

• What measures could be established to obtain electricity adequacy in South Africa? 

1.6 Research methodology 

Wilson (2009:5) refers to methodology as a plan of action that informs and links the methods 

used to collect and analyse data in a bid to answer postu lated research questions . The research 

design in this study is the multi-method approach as the study followed an article approach 

utilising both qualitative and quantitative research des igns in individual cases. According to 

Ahmed and Sil (2012) and Matsaganis (2016) a multi-method research design, unlike mixed 

method, involves conducting a range of relatively independent qualitative and quantitative 

projects to solve a single main research prob lem. The independent empirical research is guided 

by sub-objectives whose outcomes are later incorporated to provide a comprehensive and 

holistic solution to the main objective of the research project. Buthe and Jacobs (2015) state 

that the multi-method research design became popular due to continuous calls from the research 

community on a research method that can handle the complexities involved in certain research 

agendas . This approach was perceived the most effective strategy in producing a reliable 

contribution to the research problem. 

1.6.1 Primary empirical research methods 

The primary empirical research investigated objectives two and three of the study (article two 

and three respectively). 

1.6.1.1 Population 

• Bickman and Rog (2009:77) refer to the population as the total group that a researcher 

conducting an empirical investigation is interested in. The Gauteng and the North West 

provinces comprised the population for the primary empirical research. Conducting 

empirical research in Gauteng was dr iven by the fact that the province is the hub of the 

South African economy. Gauteng contributes 33 .5% to the national GDP. Again out of the 

15 million electricity consumers in South Africa, Gauteng alone consists of l 0 million 

electricity consumers. Migration, especially by Africans to South Africa, has had an 

enormous impact on South Africa ' s and especial ly Gauteng ' s e lectricity demand . 
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• The North West province was selected since it was necessary also to target a developing 

provincial location. In general , it was possible to achieve the sampl ing objective of the 

domestic empirical research by utilising the sampled provinces due to the pattern of their 

settlements. 

The target population for the pnmary empirical investigation included the domestic and 

industrial electricity consumers in South Africa. The reason for targeting domestic and 

industrial sectors is because res idential and industrial sectors are the major stakeholders in 

electricity demand and usage in South Africa. 

The industrial empirical research was focused towards industrial growth and competitiveness. 

The empirical research considered the industrial sectors that are the nucleus of industrial 

development in South Africa. The target industries include mining, manufacturing and 

commercial organisations. The Industrial development corporation (IDC) (2013 :6-7) assessed 

the economic trends from 1994 and outlined that the services, manufacturing and mining 

sectors have been the backbone of the South African economy. The services dominate the 

tertiary industry through financials , wholesale, retailing and motor trade. The secondary 

industry is dominated by manufacturing through construction. In the primary industry, mining 

has been a significant growth contributor compared to agriculture, fishing and forestry . 

1.6.1.2 Sampling 

Alvi (2016: 11) defines sampling as actual participants selected from a population for the 

researcher to conduct an empirical study on. Ross (2005: 1) points out that researchers sample 

to eliminate challenges such as cost and the possible fa ilure to meet research schedules. 

Sampling also provides the possibility fo r accuracy as a researcher can perfectly study a 

manageable size. The primary empirical research employed a purposive-convenience 

sampling. The gu idelines of quota sampling were cons idered in targeting actual participants to 

avoid bias and to ensure that sample groups proportionately participated in the empirical 

research. Cohen et al. (2011: 156) refer to purposive sampling as a non-probability sampling 

method which involves purposive selection of particular partic ipants from the sample 

considered to have the actual information pertinent to the study. According to Farrokhi and 

Mahmoudi-Hamidabad (2012) , convenience samp ling entai ls the target ing of participants 

based on availability and accessibility, especially with empirical investigations involving a 

large samp le. Through conven ience sampling, an adequate partic ipatory size was obtained. 
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A purposive-convenience sampling approach was most appropriate for domestic and industrial 

participants. The empirical investigation mainly targeted individuals with knowledge of the 

respective identified problems of the empirical research. The domestic sector investigation was 

focused on income earners. The industrial sector empirical research targeted industries with 

significant patterns and trends in the South African industrial growth. The total sample was 

determined through the Central Limit Theorem (CL T) technique. According to Film us (20 l 0: l) 

and Fisher (2011: 1), the CLT holds that the size of the sample will be a function of the accuracy 

of the sampled population. In the empirical research, accuracy was measured using the margin 

of error and the level of confidence. A 95% level of confidence and a 5% margin of error was 

considered for coming up with the total sample. Thus, a 1.64 Z value is considered . The CLT 

formula considered is denoted as follows: 

n = Z2(p.q) h2 (Formula 1. 1) 

Z = value from normal distribution table for desired confidence level 

p = obtained proportion 

q = l p 

h = desired precision 

The sampled provinces are home to over 5,795 ,700 households. The domestic sector empirical 

research reflect that a sample size estimate of 400 households constitutes an accurate sample 

given the total population size of the target geographies and the type of analysis that was 

performed, more specifically an exploratory factor analysis. It was estimated that that 50 

participants were adequate to represent each group. In the Gauteng province, Johannesburg and 

Pretoria were the target population. In the No11h West Province, Potchefstroom and Mafikeng 

were the actual target population. The selection of sample cities was based on provincial 

capitals and a large, influential city. The actual data collection targeted different groups from 

each sampled city as in , Johannesburg (Auckland Park and Soweto), Pretoria (Pretoria orth 

and Soshanguve), Mafikeng (Riviera Park and Extension 39) and Potchefstroom 

(Potchefstroom town and Ikakeng). A total of 323 questionnaires were gathered from the 

domestic empirical research. 

Sampling for the industrial sector empirical was estimated from available data from the 

chamber of commerces from the sampled provincial geographies and the Bureau for Economic 

Research report (2016). An estimated 60,000 formal enterprises are operational across the 
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investigated sectors in the sampled provinces. The population reflects that a sample size 

estimate of 300 organisations is an accurate sample for empirical research . It was considered 

that 100 partic ipants should represent each industrial sector. Sampled organisations from the 

Gauteng province were identified in Johannesburg and Pretoria. Participants from the North 

West province came from Rusten burg, Mafikeng, Lichtenburg and Klerksdorp (target cities for 

industrial empirical for the North West was increased based on spatial economic complexities 

of the province as compared to Gauteng with a metropol itan setup). The actual data collection 

targeted different groups from each samp le industry: services (financials and cold-chained 

retail supermarkets), manufacturing (construction and chemicals) and mining (minerals and 

mining purification) . A total of 223 questionnaires were obtained for the industrial empirical 

fie ldwork. A summary of the sampl ing is refl ected in figure 1.5. 

D omestic sector empirical research I Industrial sector empirical research I 
I 

~ o rth-\\-est Gauteng =" onh-\Yest Gauteug 
Mafikeng J oha.unesbw·g Mafikeng Johannesburg 

Potchefsrroom Pretoria Rusten burg Pretoria 
Lichtenburg 
Klerksdmp 

M afikeng J ohannesburg ~Ianufactu ring M in ing C ommercia l 
Extension 39 I 50 Auckland Park I 50 Construction :50 !Vlineral deposits 50 

Riviera Park I 50 Soweto I 50 
Po tchefstroom Pretoria 
Potch to,vu I 50 Pretoria North I 50 Chemicals 50 ?vline plllifi.cation 50 

Ikakmg I 50 Soshangu,·e I 50 
400 particip ants 300 pa r ticip ants 

Figure 1. 5 Summary of p opulation and sampling of primary empirical research 

1.6.1.3 Primary empirical research data collection 

Supenna.rkets 

Financials 

Empirically, primary data was obtained through a quantitative survey. The primary empirical 

research investigated objectives two and three of the study (domestic and industrial sectors 

respectively). Data collection for each of the objectives is explained in the following sections . 

• Data collection method 

As already noted in the afore paragraph, the primary empirical research investigated objective 

two and three of the study. The data col lection for these objectives invo lved the distr ibution of 

close-ended questionnaires to sampled househo lds and industries in the orth West and the 

Gauten g provinces respective ly. Academ ically qualifiers and experienced fie ld workers were 

utilised for the empirical research for both the domestic and industrial sectors. 
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Objective two assessed the electricity access and the effect of electr icity inconsistency on 

domestic living standards. It also assessed the consumption behaviours to determine the 

efficiency and environmentally friendly alternative energy options for the domestic sector. 

Objective three evaluated the effect of inadequate industrial electrical power supply on 

industrial growth in South Africa. It also assessed intensity and mitigation programmes for the 

industrial sector. The questionnaire fo r the domestic research was structured in five sections 

(A-E), and the industrial questionnaire was structured in three sections (A-C). Respondents had 

to complete the questionnaire by ticking the most applicable option, responding to the five­

point Likert scale and dichotomous questions as was required by each of the sections. Each of 

these sections were categorised on considered themes that had to be assessed towards attain ing 

the main obj ectives. Questionnaire themes and sub-structures fo r both industrial and domestic 

sectors empirical research are summarised in Table 1.1 

Table 1.1 Summary of objective one and two questionnaires 

Domestic sector empirical resea rch Industrial sector empirical research 

Sections Themes Sections Themes 

Section A Biography and profile Section A Biography and profile 

Section B 
Operational reliabili ty: supply 

Sec11 on B 
Supply adequacy: importance electrical energy, supply 

sufficiency sufficiency, operational vulnerabilities and business 

Section C 
Supply Adequacy: service quality, health Contro l programmes: mitigation control and intensity 
risk and cost reliability control 

Section D 
Consumption tendencies: Energy saving Section C 
activities 

Section E Alternative energy sources 

Access to data was facilitated by a letter signed by the office of the dean . The contents of the 

letter identified the researcher as a student in the Faculty of Commerce and Administration at 

the orth-West University, Mafikeng Campus. The letter also bore the researcher 's request. 

1.6.2 Secondary empirical research methods 

The secondary empirical research investigated objectives one and four of the study (article one 

and four respectively). 

Objective one of the study assessed the strategic management failure about the ongo mg 

electricity inadequacy in South Africa. A deductive qualitative content analysis method was 

employed to respond to objective one. 

Objective four was aimed at determining the supply security of the grid based on significant 

determinants of electri city production. A multiple time ser ies technique was em pl oyed in 

findi ng co-integration between the dependent variable and the independent variables. Through 

20 



objective four, it was possible to evaluate the underlying trends of the electricity security in the 

South Africa electricity grid by testing significant variables that disrupt electricity generation. 

1.6.2.1 Secondary empirical research data sourcing and description 

Data gathering for objective one was obtained from a purposive review of literature through 

journals, articles, books, magazines, internet sources and public sector electricity reports. 

Objective one evaluated the failure of strategic policy implementation to mitigate the electricity 

crisis towards an SOS approach. It is a large scale inter-disciplinary problem-solving strategy 

which assesses the perfonnance of an electricity system from an integrated strategic 

perspective. Through content analysis, emp ir ical research reviewed existing literature in detail 

to establish the role of electricity policy making strategic failures on current electricity 

inadequacy. 

Objective four data involved obtaining time series data for sampled dependent and independent 

variables. Electricity production is the dependent variable, while coal price, coal volume, 

electricity consumption and electricity price are the independent variables. Variables were 

identified by their capability to significantly disrupt electric ity production and negatively affect 

electricity security in South Africa. Data was collected from Quantec South Africa database. 

Data collected from variables were done on a quarterly basis. The sampling period was from 

the first quarter of 1998 to fourth quarter of 2015. The empirical research utilised the 

measurement units of each variable over the sampled period (1998 to 2015). The empirical 

research originally targeted asset depreciation of electric machinery as one of the independent 

variables as it is a measure of a positive electricity security. Asset depreciation was eliminated 

due to a lack of data that could be mathematically manipulated. 

1.7 Data processing and analysis 

Alexander (2012: 1) defines data analysis as systematically collecting, transforming and 

analysing data to present meaningful conclusions . Interpretation means relating the results and 

findings of a study to an existing theoretical framework and showing whether or not these 

results are supported by existing theories. It also entai ls the dispelling of rival explanations or 

interpretations of the empirical data and showing what levels of support the data provides for 

the preferred interpretation (Mouton, 2002: 109). 

1.7.1 Primary empirical research data analysis 

The primary data collected from both the objective two (article two) and objective three (article 

three) empirical data was analysed using the IBM Statistical Package for Social Science 
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stat istics version 23 .0.0. Arkkelin (2014: 10) also argues that the SPSS could permit stat istics 

ranging from simple descriptive numbers to complex analyses of multivariate matrices. With 

SPSS, data can be presented in di fferen t fo rms such as tables and graphs and much more. It 

adequately met the approach in the study. The tests conducted on both the domestic and 

industrial sectors' empirical research are presented in Table 1.2. 

Table 1.2 Summary of primary research data analyses 

Co nduct tes ts for dome stic sector data analys is (o bie ctive 2\ Co nduct tes ts for ind ustrial sector data analvs is (obiective 3) 
Tes t Catego ries Test ty pes Test Categorie s Test ty pes 

Means (M) Means (M) 

Descriptive statistics Standard deviations (SD) Descriptive statistics Standard deviations (SD) 

Frequencies Frequencies 

Detenninant test Cronbach alpha Reliability test 

Kaiser-Meyer-Olko11reasure (KMO) 
Effect size test Practical difference estonation 

Factor analysis 
Bartlett test 
Communalities test In dependent lest Levcne's T-test 

Total variance test 
ANOVA 

Pattern 1natrix One way test 

Cro11bach alpha Reliability test 
Welch test 

Correlation lest S pearrnan rank coefficients 

In dependent test 
Mann Whitrey test 

T-test 

One way test 
ANOVA Chi-Square Pearson Chi-Square 

Welch test 
Correlation test Spearman rank coeflicients 

1.7.2 Secondary empirical research data analysis 

This section of the analysis foc used on objective one (article one) and objective four (art icle 4) 

empirical research studies. A secondary empirical research approach was employed in 

obtaining outcomes from the two objectives. Objective one utilised a deductive content analysis 

technique by Atlas-ti 8. Data fro m the literature were structu red to fo rm categories. After 

categories had been defined, a categorisation matrix was designed to serve as a guideline to 

perform open coding on literature by plac ing fi ndings relevant to the structured categories. 

According to E lo and Kynga (2008) and Mark and Wright (2008), there are no methodical 

guidelines that must be adhered to in analys ing content data. Analyses are usually perfonned 

depend ing on the research quest ion and a researcher's intent. 

Objective fo ur followed the co- integration analytical technique. Inglesi (2010) highlights that 

co-integration is the predominantly used method as recommended by international li terature 

modell ing electricity generation and supply studies. The Engle Grangerco-integration 

technique was used in determining co-integration and error correction term ( long-run and short-
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run relationships among the var iab les). The most often used Engle Granger specificatio n, the 

Ordinary Least Squares (OLS), were used in determining regression outcome. 

• Model specification for objective four (Multiple Ordinary Least Square) 

Schmidheiny (2016:2) defines the multiple linear regression models as a linear relationship 

between a dependent variable Yi and a set of explanato ry variables. 

Schmidheiny (2016:2) state the formula fo r Multiple Ordinary Least Square regression is as 

follows: 

Least Square regression is denoted as Ye = ~ o + ~1 x1 + Ee (Formula 1.2) 

y = dependent variable or the explained var iable. 

~ 0 = the intercept of the equation . 

~ 1 = the slope coefficient of the electricity variable. 

x = the independent variable or explanatory variables. 

£ = the error term or the disturbance variable. 

1.8 Limitations of the study 

Due to vast industrial sectors in South Africa, it was impossible to include all existing industries 

in the study. Just as industries, it was not possible to conduct empirical research on all the 

households from all provinces. Thus, three industries and four cities were sampled across two 

provinces in acquiring data for both industries and households empirical research. 

1.9 Academic contribution 

The initial conception of the empirical research on the problem statement was born out of the 

need to enhance electricity adequacy in South Afr ica. Despite the establishment and 

im plementation of different strategies by electricity administrators to solve the electricity 

inadequacy problem, no feasible and sustainable outcome has been achieved . This study is 

relevant in the sense that reviewed literature has shown that current electr icity crisis 

mechanisms are not effective. This study focuses on developing a reliable integrated SOS 

strategic management framework for obtaining electricity adequacy in South Africa. Therefore, 

this study answers the question of what could be an effective, applicable and reliable integrated 

strategic management mode l for electricity adequacy in South Africa. The considered 
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parameters guid ing this study and tentatively reflecting the outcome was the Energy Tri lemma 

by the World Energy Council (WEC). Th is framework is reflected in figure 1.6. 

Environ1nenta l 
Sustainability 

Ener·~- security 

Energy 
equity 

Figure 1.6 Integrated energy trilemma: parameters for electricity adequacy 

Word Energy Council (2016:25) 

Figure 1.6 reflects the dimensions towards developing an integrated strategic management 

framework for South Africa electricity industry. A brief overview of variables in the figure is 

explained in the fo llowing subsections . 

• Energy security 

Energy security considers management of primary energy production resources and the ability 

to meet current and future demands through technological advancement. 

• Energy equity 

The focus is on supply access ibility and affordabi lity across all population and industrial 

competitiveness . 

• Environmental sustainability 

The environmental sustainability covers achievement of energy efficiency and environmentally 

friendly energy supply and usage. 
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1.10 Ethical considerations 

The ethical considerations in this study fo llowed Trochim 's (2006:42) ideas of a perfect ethical 

consideration of empirical research. It includes the principle of vo luntary participation, the 

requirement of informed consent, the principle of anonymity and guarantee of confidentiality. 

1.11 Conclusion 

This introductory framework presented a detailed introduction and background to the study. 

An organisation of the study is represented. 

Chapter One: Introduction and backgro und of the study 

In this chapter, the statement of the problem, the motivation, background, objectives, research 

questions , ethical cons iderations of the study are discussed . 

Chapter Two (Article 1): Strategic management failures as a major cause of electricity 

supply crisis in South Africa. 

This section of the study conducted a deductive qual itative content analysis in a literature 

review to deve lop a categorisation matrix for the analysis of data through open coding 

categories. A detailed discussion on the strategic management fai lure in the South African 

electric ity policymaking was rev iewed in detai l. 

Chapter Three (Article 2): The consequences of inconsistent electricity supply on the 

South African domestic sector and related consumption behaviours 

In this chapter, a quantitative survey was util ised in determining the impact of electricity 

inconsistency on the residential sector through self-administered questionnaires. Consumption 

behaviours were also determined to advise on efficient policy to be established by policymakers 

regarding domestic electricity supply for the sampled co nsumers . 

Chapter Four (Article 3): The effects of the inadequate electrical power supply on the 

industrial growth in South Africa 

In this chapter, a quantitative survey was performed in the industrial sector using self­

adm inistered questionnaires in detennining the consequences of low electrical power supply 

on industrial enterprises and the effectiveness of implemented mitigation programmes towards 

electricity shortfal ls. 
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Chapter Five (Article 4): Electricity security in South Africa: Analysing significant 

determinants to the grid reliability 

In this chapter through time series, co- integration and error co rrection determined on the 

dependent variable ( electricity production) over independent variables ( coal volume, coal 

price, and electricity price and electricity consumption) ; th rough the Engle Granger approach, 

the electricity supply security in South Afr ica was computationally determined. 

Chapter Six: Conclusions and academic contribution 

A summary of the research chapters and outcomes are presented. This chapter also presents a 

structural framework developed from the empirical data, and it also provides a detailed 

discussion of its appl ication in answering the main and sub research objectives comprising this 

study. 

26 



CHAPTER 2 (ARTICLE 1) 

STRATEGIC MANAGEMENT FAILURE AS A MAJOR CAUSE 

TO ELECTRICITY SUPPLY CRISIS IN SOUTH AFRICA 

Benedict Belobo Ateba and Johannes Jurgens Prins loo 

ABSTRACT 

The primary f ocus of this study is towards the effective strategic management of electricity in 

South Afr ica. The empirical research utilised a content analysis methodology. Findings were 

generated from existing literature review on the electricity inconsistency in South Africa 

through Atlas-ti 8 fo r windows. The proposed empirical research points out that strategic 

management f ailures and the lack of an integrated strategic management approach have been 

a maj or stumbling block to averting energy crises in South Africa. The research focused on 

exploring the strategic causes of electricity inadequacy and emphasising its heterogeneous 

nature. The review process fo llowed a purposefal search, selection and review of publications 

with the literature on the most critical concerns. This paper recommends an integrated 

strategic management fi'amework as an effective approach towards obtaining electricity 

adequacy in South Africa. 

Keywords: electricity, inefficiency, cris is, strategic management, integrated management 
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2. INTRODUCTION 

Inglesi (2011) notes that due to the general global insecurities on energy systems, research on 

energy creation and consumption has received great attention in the last decade. As stated by 

Khan et al. (2011), the twenty-first century is struggling extreme ly to safeguard the availab ility 

of adequate, inexpensive, and environmentally sustainable sources of energy. It is vital to 

determine factors that impact upon the electricity system in SA. International Energy Agency 

(IEA) (2008:78-81) estimates that the global consumption on principal energies will rise to 45 

percent by 2030, requiring massive increases in investments for energy enhancement. A 

proportion of 87 percent of this projection is to be experienced in deve loping countries. Sarker 

and Singh, (2009:2) point out that it is important to establish cost-effective programs towards 

the enhancement of energy security such as efficiency, reduction of environmental emission 

and extreme reliance on foss il fuel. Figure 2.1 reflects the projected growing gap of regular 

energy reserves in the world from 1930-2050. 
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Figure 2.1 The projected growing gap of the world's regular energy reserves 

Campbell (2006) 

2 050 

There have been many field research projects undertaken which estimate the global exhaustion 

time of primary energy reserves by assuming constant production rates. Singh and Singh 

(201 2: 171) maintain that most of the research undertaken estimate the rate of fossil fuel 

consumption to the ratio of reserves. Consequently, Singh and Singh developed a more 

applicable and accurate formula paramete r in estimating energy depletion. The new model 

outcome of Singh and Singh is reflected in Table 2. 1. 

Table 2.1 Depletion times of th e world's main energy reserves 

Old model ratio of consumption to cw model ratio of consumption 
reserves to rcsc rvc s 

Category Oil I Coal I Gas Oil I Coa l I Gas 
Year 40 I 200 I 70 35 I 107 I 47 

Singh & Singh (2012:171) 
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The DME White Paper on Renewable Energy (2003 :3) points out that the reserves margin for 

South Africa ' s fossil fuel , which supplies about 90 percent of the country ' s electricity, was by 

a IO percent margin. The White Paper also emphasised that the South African utility would 

experience tough times by 2007 if major solutions were not in place to ensure energy effic iency . 

This prediction was allied to that of the 1998 energy White Paper. 

Inglesi and Pouris (20 I 0: I) asserted that, by 2007, Eskom, the major distributor of electricity 

in South Africa, suffered a fall in its electricity supply capacity. This was to prove correct, as 

the country was plagued with supply inconsistency by the first quarter of 2008 with negative 

effects on households and industries. Sebitosi (2008) has stressed that a lack of policy oversight 

before 2008 saw South Africa plunged into an e lectrical power crisis, which is now threatening 

the core of the economy. National Treasury (2015 : I) reports that the low and unreliable levels 

of electricity supply are currently the most structural weaknesses constraining the South 

African economy. 

Worch et al. (2013) says the managing and usage of energy are yet to be a priority in the 

research and deve lopment policy in South Africa. This has made it difficult in fi nd ing an 

effective solution to the electric ity challenges. Steyn (2013 :2) agrees that most often, access to 

reliable information is the main cause of Eskom ' s glitches because the parastatal operates under 

unnecessary secrecy. It has a monopoly on informat ion that could provide vital clues to the 

implications of its decision-making choices. One so lution would be for researchers to carry out 

empirical studies that could recommend practical and implementable so lutions contributing 

towards electricity adequacy in South Africa. Hedden (2015 :7) states that since electricity 

demand began exceeding supply , the true e lectricity capacity needed to ensure energy security 

in South Africa is still unknown to date. Thus, the paper examined the literature on : 

(I) The outlook for the deve lopments of the South Afr ica e lectric ity industry. 

(2) The contribution of strategic management failures towards electr icity inadequacy in South 

Africa. 

(3) Assessing the electricity shortfalls and offering possible solutions from an integrated 

perspective. 

2.1 Introduction to the problem 

Sebitosi (2008) posits that predictions on future electr icity sho1tfa ll , should have been followed 

up through the development of reliable strategies to safeguard the cri ses . Th is negligence also 
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highlights South Africa's lack of decisiveness in implementing effective strategic policies to 

ensure electric ity efficiency, which led to its harshest electricity shortfall. As stated by Sebitosi 

(2008), the current electrical power shortages in South Africa stem from the managerial 

incompetence of the national parastatals in charge of administering electricity supp ly and 

output in the country. Such entiti es include the E lectricity Supp ly Comm ission (ESCOM) and 

ational Energy Regulator South Africa (NERS A). 

Thus, in this paper the problem culminates to the lack of an integrated strategic management 

assessment of the electricity system - and to identify primary causes to the ongoing electricity 

inadequacy in South Africa. 

2.2 Literature 

The following sect ion discusses the South African background regarding geography and 

economy, the profile of the South African electricity industry and strategic management in the 

public sector. 

2.2.1 Geographical location and environmental implicat ions 

South Africa forms part of the Southern Afr ican region in Africa and sits at its southernmost 

tip. The continental shelf fo rms part of the African highlands, which run from the mountains 

in the Cape to the Ethiopian highlands in the horn of East Africa. South Africa is bordered by 

five countries: Namibia, Botswana, Zimbabwe and Mozambique; while Lesotho and Swaziland 

are two small landlocked countries, territorial ly encirc led by South Africa (Draper & Scholvin, 

2012:9-10). 

From an energy-generation perspective, the challenge is that South Africa is a water-scarce 

country, and also the effects of climate change and global warming are beginning to have a 

visible impact on generation capacity. Kohler (201 6:831) says SA stands at 30th in terms of 

rankings among the driest country in the globe with a 45 0 mm of mean yearly precipitation. 

South Africa relies solely on Eskom, a state-owned enterprise, for generating its e lectri city 

supply- and as a monopoly, it is heavi ly re li ant on water to generate power. As a result, Eskom 

has no strategic alternative but to carefully consider the impact and consequences of using 

water to fue l its current coal-based methods of generating electric ity . Does the generation 

challenge have an answer in embarking on an electricity generation modus operandi based on 

nuclear power? This question is fraught w ith its com plexities and is beyond the scope of thi s 

paper. The fact remains that Eskom stands at a watershed moment in its management history -
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literally- as it is forced to contemplate heavy reliance on high water consumption in producing 

energy efficiently (Koen, 2012: 12). 

2.2.2 Economy 

South Africa has enjoyed a relative economic resurgence since democracy in 1994 and has 

attracted its fair share of global investment (The Presidency bulletin SA, 2014:86). The modest 

- but steady - upward economic growth since 1994 attests to a robust economy that has been 

remarkably resilient even in the face of the global financial crises of2008 to 2009 . Certainly, 

the post-1994 growth is almost opposed to the strained years of not just trade and financial 

sanctions during apartheid , but virtual economic isolation (Faulker & Loewald, 2008:4). The 

Presidency bulletin SA (2016:84-86) highlight that the economic indicators speak for 

themselves: from 1965 to the first quarter of 1994, the economy contracted by 32 percent, 

compared to just 5 percent by April 1994. Further to that, South Africa endured only four 

quarters of negative growth between 1994 and 2012. 

So what were the internal factors creating this ripe environment for post- ' 94 economic growth? 

According to Kearney and Odusola (2011 :6-8), the major factors were GEAR, the Growth 

Employment and Redistribution (GEAR) macroeconomic policy of the time, along with 

Accelerated Growth Initiative for South Africa (AG ISA) initiatives. These programs were 

instrumental in effecting much-needed economic stability in South Africa. 

South Africa was not entirely immune from the global financial crisis of 2008 to 2009, with 

the economy contracting. The greatest economic reverberations were felt in 2009 but, despite 

the turmoil , the recession was not a protracted one. The country is still currently recoverin g 

from this period of the economic watershed (Bharat et al. , 2013 :3). Gordhan (2014:5) points 

out though that despite the South African economy stil l being in recovery mode, the rate of 

recovery is slower than what was projected at the time. Gordhan (2014:5) emphasises that "The 

economy is currently experiencing the greatest negative impact in the fonn of a weak currency, 

resulting from domestic issues such as the electricity crisis and consequent inefficiency 

nationwide." 

ln fact, in real terms, the growth in Gross Domestic Product (GDP) has been slowing down. 

South Africa's foreign policy has also leaned towards favouring bilateral trade and investment 

from China, one of the fastest growing economic powers in the wor ld (Grimm et al. , 201 4: 8) . 

These close ties with China and the economically receptive attitude which followed has at times 

also been a double-edged sword. A classic example was the collateral damage suffered by 
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South Africa ' s local currency, the rand, when the Chinese currency, the Chinese Yuan 

Renminbi , was recently devalued (Amadou, 2015). 

2.2.3 The profile of electricity supply in South Africa 

This section of the paper gives a detailed report of the South African industry from pre-1994 

to post- I 994. 

2.2.3.1 Pre-94 developments 

South Africa is among the first nations to have integrated techno logy into their e lectricity 

supply system. Eberhard (2007:2 16) concurs that electr ic lights were installed in Cape Town 

in 1881, a two years interval after the Incandescent Lamp invention in 1879 by Thomas Edison . 

Bradley (2013 :5) adds that the first ever electricity powered streetlights installed in the 

Southern Hemisphere were in Kimberley city at a time when London was still utilising gas fuel 

for street lighting. Davidson and Mwakasonda (2004: 11) emphas ise that in the pre-1994 era, 

the electricity industry had consequently focused on e lectricity provision for heavyweight 

industries such as the gold and diamond mining sectors, and also for the white-dominated 

residential areas. 

According to Eberhard (2004:3), the Rand Central Electric Works (RCEW) in 1897 constructed 

the earliest commerc ial power station in South Africa. T he RCEW prioritised electricity supply 

mainly to the mining companies in the vicinity of Johannesburg. Eberhard (2007:217) says the 

RECW originally paved the way for other corporations like the Victoria Falls Power Company 

(VFPC) to construct an electricity plant in 1906. The VFPC vision to become a hydroelectric 

power giant did not reach actualisation as South Africa opted to re ly on a coal-fired energy 

production technology . Joffe (2014:32) states that South Africa electricity production is still 

heavily dependent on and dominated by coal-fired power. This motivates reasons for 

transitioning to more diverse sources of supply. 

Amusa et al. (2009) high I ight that the creation of the E lectricity Un ion of South Africa in 1910 

followed a more coordinated protocol in the operationalisation of the electricity ind ustry in 

South Afr ica. By the l 920 ' s, stakeholders instigated the call for a central electricity system that 

could cater for the needs of both the industr ia l and domestic sectors. An interconnected national 

transmission grid was attained in the 1970s with the vision of protecting a long-term 

synchronised operational pattern of the electricity industry. 
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Eberhard (2004:5) says the Electricity Act 1971, o. 3, gave increased adm inistrative rights to 

Eskom, which were aimed at allowing the parastata l to improve on the capital investments of 

the electricity industry. The consequences were inappropr iate polic ies such as large price 

increases and unaccountabil ity, leading to the "De Vill iers" enquiry in 1983 . Steyn (2013 : 1) 

asserts that the commission identified problems related to shaping the managerial model of the 

e lectricity industry. However, there were no proposa ls fo r an effective strategy to remedy the 

fragmented nature of the implemented strategic policies within the recommendations. 

2.2.3.2 Post-94 developm ents 

Eberhard (2001 :8) states that a proposal was tab led for a restructuring in the South African 

electricity industry in the 1992 African ational Congress (ANC) workshop fo r Energy 

Development. Lloyd (2011 :7) states that during the restructuring phase of the electricity 

industry in 1995, Eskom, an d by then 172 muni cipal it ies, took on the task of electrification in 

South Africa. Currently, the e lectricity industry is intensely nationalised and largely 

administered by Eskom. Borenstein and Bushne ll (2 01 5:2) mention that one of the main 

challenges of an e lectricity industry restructuring is the several competing outlooks on the basis 

fo r restructuring. In most economies, a key step in e lectricity restructuring is to nationalise the 

power sector. A monopoly reta il provider creates a narrower spectrum for achieving effective 

electricity generation. Eskom generates 96 percent of South Africa ' s electricity, while 

privateers and municipal authorities generate 3.2 percent and 0.8 percent respectively. Figure 

2.2 reflects the existing supply structure and energy flow of the South African electricity 

industry. 
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Figure 2.2 Supply structure and energy flow of the South African electricity industry 

Eberhard (2004:9) 

The figure refl ects the generation, transm iss ion an d di stributi on of electricity in South Africa. 

Eskom seems to monopolised the industry while, participation from private and other 

independent producers ' (IPPs) is marginal. 
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2.2.3.3 National Electricity Regulator South Africa (NERSA) 

Mushwana (2008:20) asserts that the Electricity Regulation Act (No. 4 of 2006) calls for the 

creation of ational Energy Regulator of South Africa (NERSA) as the curator of established 

e lectricity structures in South Africa. Sect ion 3 of the Act mandates ERSA to implement 

rel iable governance strategies that shall guarantee a sustainab le long-term e lectricity supply 

and demand consistency . 

NERSA's mandates include the regulation of electricity, piped-gas and petroleum pipeline 

industries regarding the Electricity Regulation Act, Act No. 4 of 2006, Gas Act, Act No. 48 of 

2001 and Petroleum Pipelines Act, Act No. 60 of 2003 ( ERSA, 2012/2103:38). Nzimande 

(2012:9-10) states that in regulating a public utility, the regulator should aim to balance the 

interests of all stakeholders and the society at large. O lson (2005) states that the bottom line 

for credible public utility regu lation policies is ensur ing that all stakeho lders associated with a 

public utility are treated fairly . 

Bond (2012:3) points out that it is now ev ident that ERSA has fai led to achieve its regulatory 

mandate properly. This has led to electric ity generation shortfalls which have significantly 

affected metropolitan areas in the electric ity grid. NERSA 's current policies seem to be more 

focused on protecting the best interests of Eskom . Biggar (2011 :45) suggests that regulatory 

policies fo llow a common tendency over time. Usually , at the onset, policies start by behaving 

in the public interest, and later the scope of the regulatory body sh ifts towards the interests of 

the regulated entity. zimande (2012:6) says certainty of a stable regulatory environment is 

required from an energy regu lator through a reputation of credible and standardised principles. 

Nzimande suggests that transparency is em inent in the manner in which a regu lator conducted 

business and made accountable for all its actions. 

2.2.3.4 Eskom Holdings Limited 

Eskom Holdings Limited is a prominent public entity in the business of electric energy in the 

African continent in general. Caro lus et al. (2014:9) state that Eskom suppl ies power to both 

end users and d istr ibutors . Kenny (20 l 5: 5) dates ESCOM ' s establishment as being 1923 by the 

South Africa government under the Electricity Act (No. 22 of 1922). In 1986 the Afrikaans and 

the English enunciations were merged to change the operational name to Eskom. Koen 

(2012: 1) points out that Eskom has been through some major periodic concerns since its origins 

in 1923 from a lmost absolute self-rule, greater regu lation, an oversupply cri sis, electricity 

inconsistency and consequent immense e lectricity price hikes. Its monopolistic contro l over 
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the electricity sector in South Africa incurs enormous pressure on the parastatal. Eberhard 

(2007:218) says that by 1948, Eskom was tota lly against th e granting of generating licenses to 

private producers. To secure its monopoly, Eskom initiated an obligatory acquisition of the 

generation assets of prominent private power producers like the VFPC. 

Kenny (2015:1) po ints out that Eskom is currently a topic of d iscuss ion by stakeholders 

demanding accountability for ongoing operational defic iencies. There have been continuous 

price hikes to cover up for Eskom ' s reven ue sho1tfa ll. Government reports that Eskom will 

only be able to contain the consequent increase in electri c ity tariff increases up to 2019. Kahn 

and Vecchiat (201 4: 1) say that Eskom requ ires price increases of about 16 percent a year until 

2019 to generate sufficient revenue that wou ld ensure the entity's financial sustainability. 

Baker (2011 :8) mentions that from 27 power plants Eskom produces an estimate of 42 040 

Gigawatts (GW) of the country ' s total capacity of over 43.9 GW. A summary ofEskom energy 

mix is reflected in Table 2.2. 

Table 2.2 South Africa energy mix 

Categ ory Watts 
Coal-fired (MW) 35 650 
Hydro-electric (MW) 600 
Pumoed storage (MW) 1 400 
Gas turbine (MW) 2 430 
Nuclear (MW I 860 
Wind energy (MW) 100 
Total E skom Generation Capacity (MW) 42 040 
deoendent Wind Farms (MW) 650 
Ind epen d ent PV Syste ms (MW) 960 

Van iekerk (2015:6) 

Eskom (2015:6) and Baker (2011 :9) state that the South African leading power utility parastatal 

in itiated a capacity enhancement program me to attain an additional 20,000 Megawatts (MW) 

of electricity generation by 2025 in 2005. Pegels (20 I 0) maintains that Eskom seeks to improve 

on its electricity saving capacity through programmes that would increase the installation of 

energy for consumers. These projects would improve the capacity of existing Main 

Transmission Systems (MTS) substations and estab lish new MTS substations with new 

transmission lines. Altman (2013 :6) maintains that the public sector indecis iveness about 

adding new base load power stations to the grid fast enough suppo1ts the inclination to improve 

capacity by concentrating on building new technology. lt is his view that accelerating the 

add ition of new base load power stations would have prevented a shortfall in capacity and could 

have avoided the recent electricity supply crisis. These include the construction of the Medupi 
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(Limpopo) and Kusile (Mpumalanga) power stations, the return to service of mothballed coal­

fired stations, a renewable 100 MW Sere wind station, and the establishment of the 3 52 MW 

Ingula pumped storage programme. These expansion projects are to be largely financed by the 

World Bank with costs more than R500 billion by 2017 (Creamer Media, 2011 :10). 

Alternatively, there are arguments of management short-sightedness once again when it comes 

to some of these electricity enhancing capacity projects. The capital costs per unit of product 

(Kilowatt-hour) (kWh) of electricity of the newly constructed Medupi coal plant over its 40 

years projected life is actually very low (Andrew, 2015:2). Kenny (2015:7) mentions that the 

Medupi and Kusile will both have a total capacity of 9600 MW. Eskom earlier claimed that 

Medupi and Kusile would have been on line by 2012 and 2013 respectively despite set 

deadlines to be 2015. However, neither of the power stations are fully on line yet. 

There have been criticisms as stated by Pe gels (2010) that most of these technological 

programmes will obviously aggravate the emissions problem in South Africa. Gross (2012:6) 

asserts that Eskom was ranked as the second highest carbon dioxide (CO 2
) emitting energy 

company in the world in 2012. Therefore, it is time for government policies to also consider 

mitigating and reducing Eskom 's emission rate. However, Joffe (2014:33- 35) holds that there 

is no doubt that Eskom has made significant progress towards stabilising the power system 

since the crisis started in 2008 . However, there is a need for an implementable decisive strategy 

to clarify the eventual shape of South Africa's current electricity supp ly industry. 

2.2.3.5 Development of Independent Power Producers (/PP 's) 

Agboola (2011 : 1) asserts that the administration and control of the electricity grid by a pub! ic 

entity is a common tendency in most African economies. Despite claims ofrebranding by most 

governments, these agencies have largely failed to meet the obligations and the rising demand 

of the grid. This discrepancy has offered an opportunity for the integration of IPPs in most 

African counties. 

Woodhouse (2005: I) maintains that a rising wave of private investment in power technology 

has recently flooded into the developing countries start ing from the 1990s. Much of its focus 

was on electricity generation, known as IPP . By 1996, Afr ica experienced a massive investment 

in its electricity industry from private corporations, although the trend has receded rapidly 

towards the end of the decade. Steyn (2013:5) points out that in 2003 , South Africa ' s cabinet 

approved a bill for the ongoing call for a public-private partnership in the electricity industry. 

A resolution arrived at that Eskom generation capacity would be minimised to 70 percent while 
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30 percent would be controlled by IPPs. Eskom ' s former generation manager says 111 an 

interview: 

"If one looks at the future supply-side requirements of the economy of South Africa, it 

is clear that Eskom, on its own, does not have the resources to meet the demand for 

electricity in South Africa. The country will need the participation of IPPs" (Yell end, 

2009:1) . 

Volkwyn (20 I 5: 1) points out that 90 IPPs have been integrated into the national power grid 

over the last five years . The Ministry of Energy's recent vision includes the promotion of 

renewable energy projects through private producers. Montmasson and Ryan (20 I 4) associate 

the importance of introducing IPPs into the electricity market in South Africa with four grand 

dynamics: 

( l) Eskom does not have the financial and technical capacity to meet the growing electricity 

demand and also to ensure energy security. 

(2) IPPs are going to help reduce the cost of electricity m South Africa through the 

development of competitive delivery strategies. 

(3) IPPs promote renewable energy technologies in the energy industry. 

(4) The development and enhancement of renewable energy are perceived as likely to create a 

potential industry that supports local economic development objectives. 

Montmasson et al. (20 I 4:39) agree that a series of programmes have been chronologically 

established to procure energy from IPPs effectively. Programmes such as the Pilot National 

Co-generation Programme (PNCP), the Medium-Term Power Purchase Programme (MTPPP) 

and the Multisite Base-load Independent Power Producer Programme (MBIPPP) has been, in 

the past, conceptualised by Eskom from 2007 to 2008. However, Yellend (2009:2) states that 

these programmes experienced setbacks due to a lack of readiness and implementation from 

stakeholders. 

Baker and Wlokas (2014:5; 2015:3) allude to the fact that NERSA created the Renewable 

Energy Feed-In Tariff (REFIT) mechanism, aimed at procuring quality renewable energy 

power at nominal prices. Creamer Media (2011: 1) states that due to political and legal 

constraints it was abandoned in favour of an auction system. After a lengthy transition, the 

government initiated a more focused Renewable Energy Independent Power Producing 

(REIPP) procurement programme in August 2011. There have been three rounds of auctions 
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to bidders. Table 2.3 presents a summary to the advancement of the REIPP procurement 

programme. 

Table 2.3 Summary of the total Megawatt awarded per technology, bid responses, 
preferred number of bidders and success rate in the procurement programme 

Awards (MW) Initial determination Second determination Round 1 Round 2 Round 3 Total 

(2011-2016) (2017-2020) allocation allocation allocation allocation 

Wind 1850 1470 634 563 787 1984 

Solar 1450 1075 632 417 450 1499 

CSP 200 400 150 50 200 400 

Small Hydro 75 60 0 14.3 0 14.3 

Land fill gas 25 47.5 0 0 18 18 

Biomass 12.5 47.5 0 0 16.5 16.5 

Total 3612.5 3100 1416 1044.3 1471.5 3931.8 

Bid responses NIA IA 53 93 225 

Preferred bidders IA IA 28 19 17 64 

Success rate NIA NIA 53% 24% 18% NIA 

DoE (2013 :11-16) and Eberhard et al. (2014:14) 

2.2.4 Strategic management in the public sector 

Strategic management is a process by which top management determines the long-term 

direction and performance of an organisation by ensuring that careful formulation, effective 

im plementation and continuous evaluation of strategy take place (Chemengich, 2013). Brown 

(2012:5) maintains that through strategic management an organisation can enhance its strategic 

effic iency to become more competitive in its environment. Sul le (2009:2) notes that the pub! ic 

service has been long prioritising on strategic management to effective implement missions of 

organisations. 

Chemengich (2013) says that during the 1980s, the World Bank structural adjustment 

programmes campaign instituted reform programmes which required an obligatory strategic 

plan of influential institutions from deve loping countries. However, current public 

management reforms have been driven by a com binati on of administrative challenges, 

triggered by the quest for the effic iency of de livering pub lic serv ices. Su lie (2009:2) states that 

public organisations are increasingly utilising strategic management in their planning policies. 

It has become an attractive management too l to reformers . Bovaird (2009:61) asserts that an 

organisation would be perceived as very incompetent if strategic planning is not used as the 

basis for decision making. McBain and Smith (2010: 1) assert that the growi ng complexities in 
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public management and governance, strategic management has become a standard instrument 

for public personnel to create value for organisational planning. Christensen and Laegreid 

(2007) recommend that in times of crisis, publi c offic ials can implement a co llaborative public 

sector management approach that critically entails management' s involvement in the active use 

of formal and informal networks across the d ifferent agencies within that government (OCED, 

2006: 10). Mcguire (2006) agrees that the approach helps to acquire effective strategies in 

solving obstinate problems. 

2.3 Research method 

A qualitative content analys is research des ign was employed in th is article. euman (2014: 173) 

states that content analysis is a method of analysing the content of texts and wr itten documents , 

themes, verbal or v isual communication messages . A conventional qualitative content analysis 

was utilised as categories are derived directly and inductively from reviewed publications. Polit 

and Beck (2004:31) ho ld that content analysis is a very multifarious and tr icky research method 

when compared to other research methods as it has no prescribed standard protocols . Hoskins 

and Mariano (2004:62) agree that obtaining reliable results rel ies on author competence and 

research experience. Elo et al. (20 I 4) argue that currently obtain ing reliab le content analysis 

totally depends on the obtainability of appropriate and well-saturated data to an investigated 

phenomenon. However, Mayring (2014: I 0) disagrees that a content analysis still involves the 

collection of relevant data to conclude an identified phenomenon. Hence, processes have to be 

within the acceptab le guide lines of a soc ial science research. Elo and Kynga (2008) high light 

that an advantage of utilising this research method is that different data sources can be used to 

substantiate and build more fo undation to evidence. 

2.3.1 Data collection 

Data collection was purpos ive m nature. Hashemnezhad (2015) says with a qualitative 

purposive content analysis; the empirical research focused on specific data from which 

adequate categories and themes to the investigated phenomenon could emerge. Th is paper 

reviewed pertinent electricity policy documents from Eskom, the South African Department of 

Energy and NER SA. The paper focused on reviewing literature related to the aforementioned 

government entities because they are dominant role-players in electr icity policy formulation , 

and their history of being fo rerunners in the transformation of the e lectricity industry in South 

Africa is we ll-documented. The paper a lso reviewed relevant literature sources on public 

e lectricity administration in South Afr ica. Reports from newspapers and other research 
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documents relating to the South African e lectricity industry as we ll as other economies with 

cases comparable were also reviewed. 

Retrieving relevant data followed a systematic approach. Data collection from the empirical 

research was obtained from 133 publications. The publications were imported into Atlas-ti and 

then exported into Excel to obtain variab les with the highest freq uencies. Two hundred and 

twenty factors were obtained from the Excel analysis (see Appendix 1). The 150 factors with 

the most frequencies were coded in the Atlas-ti program to perform an Atlas-ti word cloud . 

Figure 2.3 present outcomes from the Atlas-ti analysis . 

~ ~; 

1°1frd '.. ruc.~ ure 

~ r ,:-,~s 

···new 
I 

system .. 

m erriotiunal 

capacity ,,.:·.,.. __ 
~ . - -

· electricity 
1,cv proJect one ,, ,,., , • 

r, '),,-irr i1 cost .. 
• .._ 1... 

1 
' • 1.. µ~1•(,Hl'.)fl':t 

bank yc·a r -.•?dC 1 ·,, 

• dev~,1orment 8 c 11 
. ,,, f 

· ,-,o gc,ven1r•1enl''!,.: power dala may I. 

~:~;Jl.c lo c1n 

Figure 2.3 Word cloud results 

Themes ofrelevance to the artic le were deve loped, and these guided the analysis of information 

from the word cloud. 

2.4 Analysi and discussions 

The analys is of data guided the discussion from two main perspectives : 

(1) The impact of strategic management malfunctions to low electricity supply in South Africa. 

(2) Evaluating the current challenges from an integrated management perspective. 

Lalk (2015:5) says a country's energy system is highly complex and its advancement requires 

a system of systems (SOS) approach. Haskins (20 I 1 :6) states that this implies a system-of­

interest whose system elements are themselves systems. It consists of large-scale inter­

disciplinary problems requiring heterogeneous so lutions. Nine themes of primary importance 
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were developed from the word cloud under this section. Data analysis is further reflected in 

Table 2.4. 

Table 2.4 A description of empirical research 

(1): The impact of strategic management failures to low electricity supply in South Africa 

Themes Question 

Demand and supply estimation 

The Department ofEnergy White Paper of 1998 
What strategic failures have primarily contributed to 

Strategic renewal of utili~1 supply electricity crisis in South Africa? 
Eskom' s coal supply decision 

Administrative effectiveness 

(2): Assess ing the causes to low electricity supply from an integrated perspective 

Human resources 

Policy regulation 
Environmental concerns on emission 

Revenue and profitability What are the general factors contributing to electrici~1 crisis in 
Financing and investments South Africa? 

Asset management 

Demand-side management 

Research and development 

Table 2.4 presents the structure of the empirical research reported in this article . The analysis 

and discussion of data from publications followed a categorisation matrix procedure. 

Categorisation matrix ensured that the interpretations of publications were logically supported 

by published words as the analysis progressed. Through the method that was utilised in the 

article, it was possib le to address the objectives in a systematic and detailed way. The reviewed 

process made it possible to develop applicable and rel iable conclus ions about the impact and 

role of integrated strategic management to electricity cr isis in South Africa. 

2.4.1 The impact of strateg ic management failures upon low electricity supply in South Africa 

This section of the analysis determined and assessed the impact of significant strategic 

management foresight upon electricity inconsistency and crisis in the South African context. 

Under this section, five important themes were developed from the word cloud . Figure 2.4 

presents the data analysis of this section. 
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Figure 2.4 Categorisation matrix f or the impact of Strategic management malfunctions to lo w electricity supply in S outh Africa 
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Mahmoudi et al. (2014) agree that recent developments in the e lectricity utility industry have 

created several challenges that require effective strategic decis ion-making to accomplish a ll 

compliance requirements. This demands that public uti lities , in particular, must exce l right 

from the strategic decision-making frameworks that they put in place. Organizational planning 

and improving serv ice quality are fundamental challenges fo r the South African utility industry 

at this juncture and these need to be urgently addressed (National Planning Commission, 

2011 :2) . 

Roos (2015 :27) agrees that most South Africans are affected by power interruptions, and he 

also acknowledges that there is a crisis in the supply of electric ity. Khan et al. (2011) agree 

that it is vital to examine those factors affecting the effective advancement of electric energy 

in South Africa. Kenny (2015:6) emphasises that the management mode l at Eskom has been 

ineffective in developing sound decisions, and that decision-making has often been based on 

pol itical agendas. Management frameworks seemed to focus less on the core goal, which entails 

rectifying the current inconsistent electric ity supply in South Africa. According to Barnard 

(20 I 0:25), Eskom, as a public utility, shows serious managerial and strategic shortcomings . 

The unreliable supply of e lectricity in South Africa is not due to unforeseen circumstances. The 

problem is a lack of planning and strategic foresight (Hedden, 20 I 5 :3). The fo llowing section 

discusses the role of strategic management failures in contri buting to the low electricity supply 

in South Africa by elaborating on themes in figure 2.4. 

2.4.1.1 Demand and supply estimation 

Maasdam (2008: 1) traces events that have triggered acute e lectricity inefficiency in South 

Africa back to pre-1994. Eskom provided relatively cheap e lectr ic ity to industries , which 

contributed effectively to the economic development of South Africa. Eskom ambitions to trade 

at relatively low price utility to its neighbouring countries led to the development of a 

programme that was projected to increase electricity capacity during the ear ly 1970s. Koen 

(2012:5) alludes to the fact that in pursuit of this projected abundant supply, ESCOM made 

decisions with far-reach ing economic consequences. By the time the new power plants were 

operational in the ear ly 1980s, South Africa 's economy was in trouble with over-capacity in 

the energy sector. 

During post- I 994, electricity demand grew faster than expected due to the government ' s 

adoption of an affordable e lectricity policy as part of thei r development programme. Also, 

advancement in industrialisation has a lso signifi cant ly contributed to the he ightened electricity 
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demand. It is anticipated that South Africa's electricity demand is likely to increase by four 

percent per annum. Demand is likely to grow twice its size, requiring an extra capacity of 40 

GW by 2025. The ongoing demand and supply inconsistency remains a major concern as 

policymakers are still unable to provide a reliable long-term recommendation (lnglesi , 2011 ). 

The generation, transmission and distribution of electricity is a very intensive capital 

undertaking. It requires large budget spending to construct plants with quite long waiting 

periods to start getting operational. For this reason, Dergiades and Tsoulfidis (2008) point out 

that implementing accurate strategic programmes that can effectively cater for future electricity 

misbehaviours and uncertainties is an essential und ertaki ng at the corporate and national levels. 

The electricity crisis in South Africa is similar in context to that of Bangladesh , according to a 

study conducted by Ahmed (20 I 1 ). Ahmed traces the electricity crisis in Bangladesh and 

establishes that it originated in poor estimation of demand and supply from 1990. The 

electricity parastatal, Bangladesh Power Development Board (BPDB), which administers 66 

percent of electricity generation, and the Ministry of Power, Energy, and Mineral Resources 

(MPEMR), experienced a drop in capacity. Despite several programmes adopted by the 

Bangladeshi government such as incorporating public-private partnerships, building power 

stations and changing the management structure of the electricity sector and energy department, 

the government of Bangladesh has not succeeded in mitigating the crisis. 

This crisis has become acute, leading to load shedding, increased e lectricity inefficiency, high 

debts and inadequate funding to the BPDB, and ineffective electricity pricing. Ahmed 

(2011: 11) was very clear that this crisis would persist due to ineffective strategic management 

with regards every single methodology that has been implemented as a remedy to the crisis by 

the government. Koen (2011: 11) also highlights that similarly, in South Afr ica, the uncertainty 

and unfocused administrative policies about Eskom by the ruling party, the African National 

Congress (ANC), returns to affect the effective operation of the parastatal. Thus, it is essential 

to evaluate the impact that managerial malfunctions have on electricity inadequacy in South 

Africa. 

2.4.1.2 The Department of Energy White Paper of 1998 

In 1998, the Department of Energy released its White Paper on the policy vision for all energy 

categories for the Republic of South Africa. This document outl ined the department 's ideas 

and proposals for strengthening existing policies for all energy system categories in South 

Africa, includin g electricity. jikelana (2014:2) asserts that the policy calls for the 
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restructuring of underdeveloped systems and a proposed extensive change on performance 

issues with critical concerns in the energy sector. The DME White Paper (1998:41) has since 

identified the followi ng challenges that were classified as being primary ones: 

• Most underprivileged South Africans still live without access to basic electricity. 

• There was a lot of fragmentation in the distribution sector of the industry with inconsistent 

pricing from over 400 distributors. 

• Default payments by electricity consumers were at intolerably high levels. 

• Coal-based electricity generation significantly increased the emission rate, with possible 

long-term environment concerns. 

• There was a complete disregard for electricity efficiency on energy policies and by 

consumers. 

• Growth in electricity demand was projected to exceed capacity generation by 

approximately 2007; hence, no programmes exist towards the capacity expansion of 

generation to contain the growing demand. 

The prediction of the 1998 White Paper was so exact that the concerns outlined in the paper 

would have been followed by effective long-term management strategies that would have 

prevented intense forth -coming electricity cr isis. Seb itosi (2008) posits that such predictions 

should have been followed and reliable strategies deve loped to safeguard against the dawn of 

the crises. Oberholzer (2008:2) states that the public sector accepts the blame for not 

strategically planning for future electricity usage. This came only after it emerged that a white 

paper drawn up by the Department of Minerals and Energy in 1998 predicted that electricity 

would be in short supply after 2007 , should expansion plans not be implemented. Kenny 

(2015 :8) points out that there is a confusion of thought in certain paragraphs, which has resulted 

in further alarming confusion around a policy aimed towards creating adequate electricity 

supply after 1998. 

• The White Paper of 1998 made the unfortunate mistake of classifying uranium as a fossil 

fuel. Taylor et al. (2008:7) state that fossil fue ls are the primary energy sources for 

producing electrical energy in the world and that these fuels consist of coal, gas and oil. As 

earlier pointed out, coal generation caters for over 90 percent of South Africa ' s electricity 

production. This was a major failure from a document that was to the basis for making 

strategic undertakings regarding the future supply and consumption of energy. Misleading 

information on electricity production capacity was reported . 
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• The policy recommended a change in attitudes towards private partnership but failed to 

propose any practical implementation, and this has been discussed as completely contrary 

to the operational constitution of the government. 

Kenny (2015:8) states that most suggestions in the White Paper are perfectly sound. However, 

they failed to address the fundamental problem of electricity generation and supply in South 

Africa, therefore leading to the present crisis. 

2.4.1.3 Strategic renewal of utility supply 

Strategic renewal is a process of substantial change concerning key organizational attributes to 

sustain a firm 's long-term prospects and viabi lity (Agarwal & Helfat, 2009). Strategic renewal 

principally requires an organization to accept a complete reform of its existing operations and 

systems in place. Worch et al. (20 I 2) point out that the spine of strategic renewal in utility 

firms involves the transformation from one strongly engineering dominated environment 

toward a more management-oriented organization. Altman (2013 :6) maintains that to improve 

capacity and efficiency in South Africa, it is necessary to build new technology. Worch et al. 

(2012) say that modern infrastructure serv ices, such as engineering restructuring in the utility 

industry, require excellent management know-how. As stated in United Nation Habitat 

(20 I 1: 1), strategic renewal is yet to be welcome in the South Africa utility industry owing to 

the aggressive requirement of the programme. Major issues requiring strategic renewal in the 

South African electricity industry can be attributed to: 

• The monopoly of Eskom since 1948 as a majority generator of electric ity (96 percent) in 

South Africa. This was contrary to the 1998 energy White Paper proposal of increasing 

private sector participation in the South African e lectricity grid by 30 percent. 

• The need to transform older machinery with more modern technolo gies. The electricity 

industry in South is overly dependent on traditional coal electricity generation despite the 

introduction of modern sources of electricity production. Eskom (2013 :7) states that the 

South African electricity industry is likely not to have a competitive d isadvantage until it 

can implement certain changes such as reliance on coal. However, government' s decision 

to prevent Eskom from constructing more reliab le and new power stations possibly 

prevented Eskom's ability to provide consistent and efficient electricity. Dagut and 

Bernstein (2008:26) maintain that although Eskom was prevented from building new power 

stations, as a utility parastatal, they should have motivated the need to construct additional 

power stations. Dagut and Bernstein (2008:26) assert that this decision by the government 

affected the reserve margins of Eskom. Capacity fel I to dangerously low levels leading to 
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breakdowns and blackouts by 2007, as earlier predicted. Alternatively, Capron and Mitchell 

(2009) note that the nature in which a particular change unfolds is critical to the success of 

strategic innovation. Worcl1 et al. (2012) say a strategic change is capable of having 

destructive effects or causing a decline in an entity ' s performance if not well planned. 

About the afore phrase, Eskom's action to trade cheap energy to its neighbours in the early 

1970s encouraged an investment programme that has now become responsible for the 

ongoing demand and supply crisis in South Africa. 

2.4.1.4 Eskom 's coal supply decisions 

Dagut and Bernstein (2008:7) point out that traditionally, the national utility had coal 

procurement contracts with major coal suppliers and therefore received a regular supply of 

cheap and quality coal through such contracts. Spicer (2008:9) supports the notion that 

Eskom 's policy choice in January 2008, when the electricity crisis hit, which favoured buying 

coal from small Black Economic Empowerment (BEE) contractors, was a poor strategic move. 

These coal products were expensive, of poor quality, and transportation was mostly via road 

transit. Trollip et al. (2014:22) state that the challenges found with the new supply contracts 

related to the fact that new contractors were unable to meet the required demand of power 

stations, compared to previously contracted suppliers that had sufficient coal. Unreliability was 

a major setback since new contracted mines stopped deliveries during the holiday season. 

As highlighted by Kenny (2015:8), the origin of the problem was a reckless decision by 

Eskom ' s accountants to scale down coal stockpiles at power stations . This decision was 

motivated by possible financial savings on stock expenses. Dagut and Bernstein (2008 :26) state 

that Eskom management defended their decision by stating that it had been based on the rising 

prices of the world's coal. This exposed Eskom ' s gross negligence in coal contracting with 

suppliers that have in the past offered the entity some low-priced coal resources. o effort was 

made to bargain for a more amenable cost to secure existing long-term contracts with such 

suppliers. Pooe and Mathu (2011) argue that the poor responsiveness of domestic coal suppliers 

who significantly depend on Transnet for transpo11ing their resources has only increased the 

burden for efficient coal delivery for power stations. Transnet has been very inefficient in its 

freight supplies and delivery on time and in required quantities has significantly become an 

intractable challenge. 
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2.4.1.5 Administrative effectiveness 

In line with the 1922 Electricity Act (No. 42 of 1922), Koen (2012: 16) concurs that Eskom was 

created relatively as an autonomous entity, exempted from any form of government 

supervision. Importantly, Eskom provided electricity to consumers for neither a profit nor loss. 

It was due to this autonomy and freedom that the parastatal developed a business operation that 

was focused on serving mainly the mining industries and wh ite residential areas in its early 

days. Eskom 's earlier commitment to satisfying industries most was on the basis that they were 

responsible for the economic success of the country. Newbery and Eberhard (2008 :6-7) claim 

that: 

( 1) The cost of connecting previously un-electrified rural areas is rapidly increasing. 

(2) The electricity grid is currently very vu lnerable should there be a radical shift in policy, 

since the industrial sector is becoming more service intensive. 

There was no vision to include previously disadvantaged citizens as part of the electricity grid 

in the future and, consequently, no provis ion was made for the increasing demand that has 

arisen as a consequence of getting these formerly marginalised consumers connected to the 

Eskom grid. Hedden (2015 :4) agrees that the competence of energy planners in estimating the 

current and future demand and supply leve ls for electr ical generating capacity is the first step 

towards ensuring the long-term security of an electricity grid. Kenny (2015 :5) points out that 

the coming to power of the ANC brought with it unpremeditated changes at Eskom. Some of 

these changes were based on radical and racialised philosophies, political interference and 

political appointments . Experienced and ski lled white executives and experts were offered 

attractive packages to surrender their positions in what was known as "space creation" for the 

recently disadvantaged . 

Cerniauskiene (2014:88) maintains that it is crucial to identify and analyse even indirect trends 

that may have had an impact on an inst itution ' s resource supp ly and demand . It allows for 

effective scrutiny of all possible factors to a strategic failure. Tro llip et al. (2014:3) state that 

the electricity crisis is very complex. An effective inspection of electricity crisis dynamics 

requires integrated strategic tools as the standards fo r analysing and address ing issues to 

solving the problem. The next section provides an integrated outlook into the cross-functional 

causes of electricity inefficiency in South Africa. 
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2.4.2 Assessment of multi-factors contributing to the electricity supply crisis in South Africa 

This section assesses factors contributing to electricity inadequacy from an integrated 

perspective. Figure 2.5 presents the data analysis of this section. 
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Geldenhuys et al. (2003) state that the raison d'etre or rationale for integrated management 

decision-making involves establishing a multi-discipl inary approach to transformation. It 

requires a shift towards the manner in which an organisation's operational processes are 

developed, delivered and managed. 

Kodama (2010: 15) states that over and above the quest ions of what organ isational procedure 

entails, effective strategic decision-making by large corporations invo lves implementing, and 

indeed, relying on interlinking various functi onal areas fro m its internal to the external 

environment, which plays a ro le in the value chain. Jin and Gao (2010) support the view that it 

is essential to analyse various internal and external functi onal areas of an electrical power 

network in the context of an electrical crisis . Trollip et al. (2014:3) asserts that a multifunctional 

approach is vital to diagnose and address challenges to an electricity grid. Concerns on the 

South African grid are extremely complex, requiring a multi-assessment of impacting variables 

and an integrated management perspective towards ascertaining a solution to a capacity 

struggling grid . The fo llow ing section fu rther elaborates on the themes on figure 2.5 . 

2.4.2.1 Human resources 

Lomey and Mc amara (2008 :35-36) state that the capability gap has been the primary skill 

capacity deficiency pos ing a major challenge to Eskorn . Capabi lity gap is the deficiency of 

required competent expertise w ithin an organisation (Worch et al., 2013). There has been an 

exodus of skills from Eskom, and they now have to import technicians to perform highly skilled 

procedures . Many former Eskom staff members are now working offshore and have to be 

brought back at great cost to service equipment and the high vo ltage lines (Eskom, 2013:1) . 

The view of Kenny (2015:7) is that the long delays in bringing the Medupi and Kusile power 

stations online is a result of a severe shortage of arti san skills and also the lack of skilled 

technicians to handle the technological sophistication of the station's design. 

2.4.2.2 Regulatory policies 

Von Hirschhausen et al. (2011) point out that the continuous execution of regulatory 

compliance has been identified as a primary prob lem for the South African utility industry. 

A lternative ly, it cannot be a trade-off as institutional frameworks are needed to 11nprove 

performance. In agreement with De la Rue du Can (2013: 18) the last decade saw the 

government implement numerous energy regulations, adding more pressure on the energy 

industry. Government actions have been primari ly motivated by the general global call for 
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utilities to meet required economic and environmental compliances. Worch et al. (20 I 3) hold 

the view that regulatory imp lementations can affect utilities by: 

• Increasing uncertainties. 

• Adding new objectives or changing the priority of objectives that utilities have to pursue. 

• Limiting the options for strategic planning and dec is ion-making. 

Spiller (20 I 0) highlights the fact that the government itse lf can be a possible threat to utilities, 

by pressuring utilities to pursue prioritised specific goals by intimidation of penalties on 

utilities that do not adhere to government goals . Worch et al. (2013) state that the ear ly 2000's 

saw South Africa implementing electricity policies which negative ly affected electricity 

supply. jikelana (2014:7) a lso adds that policy uncertainty and an unstable regulatory 

electricity industry framework have resulted in a detrimental impact on the sector and the 

economy as a whole, increasing the risk profile in the industry. Singh (2008 :32) therefore 

logically states that electricity policy in South Africa is characterised by uncertainty. This un­

certainty is likely to lead to the next big electricity crisis, which cou ld be more difficult to 

resolve . 

2.4.2.3 Public-private partnership 

Hedden (2015: I 0) mentions that according to Eskom's general manager of grid planning, there 

are complexities involved in a complete IPPs integration into the e lectric ity industry. Public­

private partnership requires a long-term reliable strategic plan. This is because Eskom claims 

that the projects that make it flexible for IPPs to connect to the e lectricity grid have been 

se lected during the first IPP bidding rounds between 201 2 and 2016. Dagut and Bernstein 

(2008:7) disagree with the view that the problem is challenging public-private partnerships is 

pinned down to ineffective contracting procedures, pointing out that bid processes are awfully 

slow and complex. The Department of Minerals and Energy (DME) has failed to secure 

contracts with international companies to build and run new private power stations. Trollip et 

al. (2014: 13) says it was normal that Eskom would resist or not provide voluntary active 

support to implement any policy which invo lved the integration of private corporations into 

the electricity industry. The proposal was perceived as a strategy to reduce its monopoly. 

Nhlanhla (2015:7) specifies that a research study on restructuring policies in South Africa has 

proven that the option of emp loying private investment to strengthen the balance sheets of 

state-owned companies is a 111 i lestone . Hedden (2015: I I) views that the integrat ion of private 

corporations into the electric ity grid wou ld create room for price co mpetition. As a 

consequence, the Eskom autonomous access to the gr id would also be reduced. 
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2.4.2.4 Revenue and profitability 

The ational Energy Efficiency Strategy identified that a significant barrier to electricity 

profitability is the undervalued retail price compared to the quality of electricity supply. 

Newbery and Eberhard (2008:5) agree that if prices are raised to sustainable levels, some of 

the pressure on capacity would have been eased . De la Rue and du Can (2013 :23) highlight 

that electricity tariffs primarily determine the advancement potentials of an electricity grid. 

Dagut and Bernstein (2008: 8) concur that effective electricity pricing is essential for the 

advancement of generation capacity. Eskom (2015: I 0) points out that its financial health has 

been influenced by its profit margins that have been declining over the years, mainly due to the 

electricity price which does not reflect the input costs. 

Van der Heijden (2013:19) states that Eskom ' s profitability is further constrained by default 

payments from users . Ineffective revenue collection increases Eskom 's cost of debt and their 

delivery ability (Dagut & Bernstein, 2008: I 0). Eskom launched a shocking campaign in 

January 201 7 where over eight municipalities experienced severe power cuts due to large 

outstanding accounts . ewbery and Eberhard (2008:7) allude to the fact that higher electricity 

prices encourage less wasteful consumption and help stimulate the industry. The South African 

Local Government Association (SALGA) (2013: 18) says price increases do present some of 

the possible causes for social unrest that plague the co untry. The introduction of price policies 

has caused unrest in some areas based on the perceptions of unfairness. 

2.4.2.5 Environmental concerns on emission 

There is currently intense pressure on Eskom to reduce the carbon-intensity of its electricity 

generation. Pegels (2010) remarks that carbon emiss ions in South Africa are on the rise as the 

energy industry environmental pollution intensifies. Improving capacity through efficient 

programmes is necessary. Van der Heijden (2013:14) asserts that the World Bank (WB) 

announcement in April 2010, granting Eskom a loan of $3 . 75bill ion to fund the construction 

of its biggest coal-fired plant, received a negative response from environmental organisations. 

Rastello (20 I 0:354) notes with concern that the initiative was turned down on several occasions 

by the committees overseeing the operations of the World Bank 's policy and fundin g. The bank 

opposed financing Eskom by its lack of concern for environmental compliance in its capacity 

advancement ventures. Swilling (2010:326) highlights that some environmental societies and 

some western trade unions also supported the campaign with allegations that Eskom is among 
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the top carbon dioxide emitters in the world. Arguments were also tabled that the carbon 

dioxide per unit of GDP in South Africa is greater than in any other country in the world. 

Reddy (2013 :4) states that South Africa can henceforth burn just 20 percent more of fossil fuel 

to avoid going above the obligatory global warming average of two degrees. Eskom 's long­

term plan to invest in massive coal plants also put off the possibilities of introducing cleaner 

generation techno logies . Bond (2012:7) mentions that there was progress only when South 

African finance minister, Pravin Gordhan, raised the issue that the World Bank should establish 

a relationship with South Africa through the request as the country has not been its regular 

borrower. Alternatively, the World Bank 1999 to 2008 Country Assistance Strategy (CAS) 

report showed that it was the fifteenth credit request from the World Bank Group . As policies 

claim, electricity production from coal is considered as the best short-term option, while the 

long-term plan is in favour of renewable and nuclear energy, Eskom ' s long-term plans still 

considers coal as its major source of energy production. Ferrer (2017) conduct an empirical 

research to assess the strength of solar energy in South and found that there is a significant 

irradiation potential in most provincial geographies. Solargis (2015) recent census on Global 

Horizontal Irradiation (GHI) average reflecting the strength of so lar energy generation in 

kWh/m2 in South Africa is reflected on figure 2.6 
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Wright et al. (2017:29) further report that over 70 percent of the suitable land area in South 

Africa, aiming at possible wind energy generation possibilities, has a 35 percent capacity factor 

or higher. Prohibiting zones w ith a more difficult landmass sti ll, has the minimum potentials 

for effective wind energy generation. Spatial wind energy potentials of South Africa is reflected 

in figure 2. 7 
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Figure 2. 7 Wind energy potentials for South Africa 
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Despite the reflected strengths and potentials to enhance the generation of energy from more 

sustainable sources, Musango et al. (20 l I) point out that South Africa is still to explore its 

potentials of renewable energy generation. 

2.4.2.6 Financing, investment and debts 

According to Eskom (2014:36), the parastatal ' s financial health continuously gets worse to 

support its projects and possible growth. Eskom 's struggling liquidity has been restraining 

strategic implementations . ewbery and Eberhard (2008:7) state that the lack of efficient cash 

flow and availability of cheap finance has been a major obstacle and reason for dalliance to 

implement recommended improvements in the electricity industry. Pressly (2010:2) says 

despite the world Bank granting huge loans and the continuous increases in electricity price, 

approximately R200 billion is still required by Eskom to finance its capacity advancem ent 

projects up to 2017. Eskom indicates that its profit margin dec lined while its assets capacity 

grew (Eskom, 20 15: I 0). 
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Nhlanhla (2015:4) is of the opinion that operational fa ilures like the inadequate asset repairs 

cause performance flaws , resu lting in higher maintenance costs and more pressure on finances . 

According to Eskom (2015: 11 ), Moody and Standard & Poor downgraded its credit rating from 

2014, and this act has increased its cost of debt. The downgrades might reduce fundin g 

available for future borrowing and investments based on investo r and trustee mandates. Major 

investors are calling on Eskom to work on their credit ratings or face stricter loan covenants in 

future. Ensor (20 I 0:7) notes that an earlier research study by Eskom regarding the downgrade 

of its credit rating reflects an increased stress on its financing costs. Based on Eskom 's 

calculations, th is downgrade would resu lt in additional fi nance costs of R4.3 billion to R 15 .9 

billion being incurred. Financial malpractices such as irregular, fruit less, wasteful expenditures 

and fraud reported in the most recent audited financial statement ofEskom is presented in Table 

2.5. 

Table 2.5 Eskom 's fin ancial losses for 2015 

Fin an dal ~Ia.Ip rac t.ices! 
Irregular expenditure be.! ow m aterialit\· threshold 
Fruitl ess and 11ra.st efu l expenditure below the materiality threshold 
Fruitless and ·1va.steful expenditure exceeding mate.ri al threshold 
Occupational theft 
Fraudfinancial misconduct 

Eskom A n11ual Fina11cia/ Statem e11t (2 015:110) 

2.4.2.7 Asset management 

Amou u t of losses 
R25 million 
R51 million 
R15 million. 
R102 million 
R40 million. 

ewbery and Eberhard (2008:4) say that despite inadequate generation, recent blackouts have 

also been caused by unprecedented breakdowns and fa ilures at e lectricity generation plants. 

Joffe (20 I 4:33) says that some of Eskom 's electric ity-producing power plants require 

continuous routine maintenance to keep e lectricity generation at the required rate. Currently, 

most of these plants cannot cope with increased electricity demand, which leads to too much 

stress on plants and more frequent breakdowns. De la Rue and du Can (2013 :9) state that about 

85% of Eskom electricity generation fleet is currently over 20 years old. Govender (2013 :6-8) 

states that repairs of plants have often had to be a ltered or de layed to ensure continuous 

capacity. This approach is not sustainab le because systems remained unhealthy, needing 

significant refurbishment works. Govender insists that it is essentia l that planned maintenance 

be done to enable power station sustainability. Alternatively, there is a risk to systems 

generation as units are taken out for servicing. Matona (2015:7) presents the current challenges 

to Eskom's electricity generation assets available at 
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https://www.teraco .co.za/content/Eskom SystemStatusPresent.pdf. The figure paints a very 

bleak picture of the depreciation levels on Eskom generation and transmission assets. It is 

evident that Eskom 's current asset capacity is highly depreciated . 

2.4.2.8 Demand-side management 

Shen (2011 :4) describes Demand-Side Management (DSM) as an important component 

required to meet the increasing demands of electricity supply. DSM aims to achieve energy 

efficiency and load management. Energy efficiency is designed to reduce electricity 

consumption throughout an estimated per iod. Alternative ly, load management seeks to reduce 

consumption during periods of peak demand within intervals from minutes to hours (Kool, 

2011 :2) . Wang et al. (2011 :8) state that some maj or issues are hindering the effective 

functioning of the DSM in the South African electricity industry as follows: 

• Eskom ' s DSM group was understaffed. 

• The implemented DMS frameworks by Eskom have been non-pragmatic. 

• There is no transparency to the approval of projects and procedures by Eskom. 

• There is no clarity to evaluation processes leading to inadequate feedback as Eskom 's 

evaluation teams have been more concerned with less necessary issues . 

Eskom (2011:5) states that new capacity advancement projects are like ly to struggle to contain 

future demand, except an effective DSM program, is implemented. 

2.4.2.9 Research and development on utility 

Pouris (2008) asserts that the primary reason leading to the electricity crisis and difficulties in 

resorting to an effective solution to the current prob lem is the general lack of research within 

energy management in South Africa. The South Afr ican util ity ind ustry needs substantial 

financial investments in research and deve lopment, focusing on the areas of alternative utility 

sources and resources . Bond (2012: 9) emphasises that there is continuous pressure from 

environmentalists on Eskom to carry out research and development on how to transform its 

generation technology to more environmentally cautious energy alternatives - that would 

palpably reduce its significant reliance on coal technology. 

2.5 Conclusion 

This paper was based on evaluating the effects of strategic malfunctions and inadequacies 

within the South African electricity suppliers network. The paper revealed that strategic 

management failures are a major challenge in obtain ing requ ired supply capacity. The 

electricity shortfall has negatively affected both domest ic and industrial end users, incurring 
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devastating financial and material losses. The cause and effect strategic theory of a problem is 

the most standardised approach to resolving the electricity system challenges currently staring 

at Eskom. This will enable the development of a reliable and applicable solution to the utility 

shortfall in South Africa. Jin & Gao (20 l 0) state that the generation and deve lopment of an 

effective strategic management mechanism could be critical in avoiding power insecurity and 

challenges that might threaten the operation of the power network. 

2.6 Final statement 

The strength of an electric power network depends on its ability to cater for the power needs 

of its environment. Electricity inadequacy has become a widespread concern for the South 

African society in general. The paper revealed that to strengthen an electric power grid , 

especially in times of growing insecur ities, holistic and comprehensive analyses of all 

associating factors are imperative. It is essential for informing the energy policy legislature on 

primary policy aspects of priority for effective energy policy. This will ensure current and 

future electricity needs and possible effective electricity sector management and planning. The 

development of an effective integrated strategic management system is critical for obtaining 

electricity adequacy and advancement in the South African electricity system. 
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CHAPTER 3 (ARTICLE 2) 

THE ADEQUACY OF ELECTRICITY SUPPLY TO THE 

DOMESTIC SECTOR AND RELATED CONSUMPTION 

BEHAVIOURS IN SOUTH AFRICA 

Benedict Belobo Ateba and Johannes Jurgens Prinsloo 

ABSTRACT 

Electrical energy is a major resource for domestic livelihood throughout the world. In South 

Africa, the domestic sector is a major electricity end-user. Low-efficient electricity is a current 

plague impacting on the livelihood of domestic electricity consumers. This inefficiency 

massively affects the day to day household activities on consumers, negatively affecting living 

standards. Adopting an approach towards energy growth, conservation and efficiency on a 

troubled electricity grid, understanding how electricity is being used and consumed is a 

primary undertaking. This empirical research employed a quantitative research design. This 

article aimed at contributing to domestic electricity adequacy by assessing/our primary factors 

towards electricity consistency and analysing consumption behaviours through one primary 

factor, ten energy most intensive domestic appliances and seven commonly used alternative 

domestic energy sources. The target population was Gauteng and North West provinces. A 

purposive-convenience sampling was employed to select participants for the study. However, 

quota sampling guidelines were cons idered in targeting actual participants. Data collection 

utilised a closed-ended questionnaire, employing fie ld workers to obtain reliable data. Data 

collection on fac tors was through a Jive-point Liker/ scale and dichotomous questions while 

analysing consumption behaviour on appliances and alternative energy sources utilised 

dichotomous questions. The four primary factors towards electricity consistency reflect that 

consistency of electricity supply to domestic consumers is ineffective as living standards are 

affected. Results from appliances reflect that energy-intensive appliances are used more with 

significantly old modelled appliances in use. It was also found that despite electrical energy 

being highest in demand, more than a third of alternative energy sources that result in physical 

and environmental hazardous consequences is used. The priorities for effective domestic 

electricity supply adequacy are highlighted. 
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3. INTRODUCTION 

Olufemi (2015) points out that energy is an essential component for survival and has 

immensely contributed to shap ing living conditions. Energy production and consumption are 

among the most important activities in the society. Kenny (2015: 1) affirms that energy is 

among the three househo ld essentials along with water and sewerage in the world . Gotz et al. 

(2016:2) note that South Africa is currently affected by severe bottlenecks in the supply of 

electricity, resulting from weaknesses in the electricity grid. Matona (2015 :9) gives an account 

that there is increased uncertainty on consistent electricity in the South African environment as 

load shedding has rapidly increased from 4.3 percent in 2008 to 14. 8 percent by 2015 , incurring 

constraints on res idential consumers . Eberhard et al. (2011 : 1-7) postulate that electricity 

inconsistency is a major impediment on the sub-Saharan African economy in general. Current 

trends reveal that the region has a reputation for over 40 percent of its power supply being very 

unrel iable. This region has the worst and lowest generation capacity compared to all regions in 

the world. In general, the domestic sector in Sub-Saharan Africa has a total electricity access 

of 30 percent, compared to other developing regions like South and East Asia with 65 percent 

and 90 percent respectively. 

Marquard et al. (2008) point out that the main consequence of low domestic e lectrification has 

been a drop in living standards. Poor domestic electrification has resulted in inadequacy and 

households' reliance on low-quality energy. Balmer (2007) states that the domestic sector 

contributes 65 % to local air pollution fro m other sources of energy in South Africa. Adam 

(2010:9) highlights that an approximate ly 80,000 chi ldren suffer from the use of unclean 

energy sources every year. Malzbender and Kamoto (2005: 17) agree that it is important that 

electricity access ought to benefit the soc iety by improv ing their living conditions. Referring 

to the Department of Energy (DOE) (20 12:23), electricity is considered to be the cleanest 

energy source for standard households. Thus, the foc us on househo lds in this paper is to identify 

the access to electricity by households . It also assessed consumption behaviours towards 

appliances and alternative energy sources. 

3.1 Introduction to the problem 

Consistent evidence from energy supply studies co nducted in South Africa confirms that outh 

African households are seriously affected by limited electri cal energy to ensure that their daily 
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electricity requirements are adequately met. This phenomenon characterises households, 

irrespective of social or electrification status (DOE, 2012: 18). Adam (20 I 0:7) emphasises that 

socio-economic growth and development can only be attained if there is access to safe, clean, 

convenient, and cheap energy for citizens. 

Davis et al. (20 I 0: 103-104) highl ight the importance of identifying electr icity consumption 

behaviours as well as tendencies towards energy efficiency. Davis suggests that continuous 

research into the primary chal lenges in the electricity industry is likely to achieve the 

integration of their knowledge into society. According to Gallach6ir et al. (2007), researching 

on energy supply and end-use are a prerequisite for developing policies and initiating a change 

towards increased sustainability and efficiency. 

Thus, the problem identified in this paper is the ongoing electricity inadequacy characterised 

with inconsistencies that affects the electricity demand required by households for their daily 

activities. The domestic standard of living has been negatively affected. Efforts to balance 

demand and supply through efficient consumption is increasingly challenged by the 

insufficient control on domestic consumption tendencies. 

3.2 Literature review 

The following section outlines literature on the deve lopment of the South African domestic 

electrification. This section also discusses the current plague of low effic ient electricity and 

how it has affected the livelihood of domestic electric ity consumers. 

3.2.1 Developments of domestic electrification in South Africa 

McDonald (2009: 14) holds that Africa is the most electricity under-supplied region in the 

world, while its econom ies depend on it. This undersupply is mostly exper ienced by its 

domestic sector, explained by the inequalities in electricity supply. Most governments prioritise 

cheap electricity access to industries wh ile the continent's residents remain off the grid. 

Madubansi and Shackleton (2007) hold that dur ing the pre-1994 days, provid ing basic services 

such as electricity to most of the population was not a priority for the South African 

government. Ingles i-Lotz (20 I 0) highlights that the pol itical and economic instability before 

1994 encouraged unequal development within different segments of the population. Ogunlade 

and Winkler (2006:6) point out that electricity supply during this period was foc used on 

industries and white residential areas, which covered just 12 percent of the total population . 

Referring to Ziramba (2008) a majority of the South African population were without 

electric ity by 1994. Marquard et al. (2008) hold that electricity is an essentia l element of 
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modernisation, as the core features of modern social and economic sectors are not reachable to 

citizens w ithout the effective accessibility to electrical energy. Bekker, Eberhard et al. (2008) 

and Ferrer (2017) point out that the political restructuring of 1994 and the trans it ion to 

democracy started eliminating inequalities and providing electricity to the majority of South 

Africans. However, there is still need for s ignificant development as Sustainable Energy Africa 

(SEA) (2014: 8) states that over 7 000 000 households in South Africa depend on unsafe energy 

sources ranging from paraffin, biomass and coal. 

3.2.2 Developments on domestic electrification po licy framework 

Referring to Marquard et al. (2008) two ma in histo ri cal electrification campaigns have been 

identified as the initial call for a ll states to be fully involved in the operations of electricity 

systems: 

( 1) The first wave of electrification. 

(2) The second wave of electrification. 

The first wave involved the electrification of the economy as a whole, in recognition of 

electrical energy as a choice. The second wave called for institutional innovations providing 

electricity to forme rly disadvantaged classes that did not meet criteria for electrification under 

colonial norms. This second wave started with the electrification of rural households in 

developed countries by the 1930s. 

Referr ing to Dinkelman (2011) the American ru ral electrification campaign in the 193 Os was a 

historical episode of a widespread campaign cal ling for all economies to adopt the 

electrification agenda. In the 1960s a campaign with similar emphasis was launched for rural 

households in developing countries. Koj ima and Tr imble (2016:22) say that factors such as 

gender and place of residence determine the probability of getting connected to the gr id . Male­

headed households are more likely to have access to electricity than female households , 

likewise more developed residential dwellings are more likely to get connected than poorer 

ones. Gaunt (2005) notes that the second wave required electrification policies to v iew access 

to electricity as a major interest to the general public, portraying exist ing institutional protocols 

as inadequate about access to electricity as a national goal. 

In the South African scenario, the pre-1994 administration energy policies did not view energy 

poverty as an agenda of priority, due to its exclusion of most of the disadvantaged population 

groups. Referring to Marquard et al. (2008) electricity supply policy and institutional 
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development in South Africa is guided by the South African electrification programme 

described in three phases as fo llows: 

Phase 2 
1994 to 2000 reforms 

Phase 1 
Late 80s-94 initial scattered 2000 
effolis and preparation usual 

Figure 3.1 Policy and institutional electrification development 

Marquard et al. (2008) 

3.2.2.1 Phase one of electrification programme in South Africa 

Phase 3 
to present business a5 

This stage marks the initial efforts and processes underpinning the strong appeals for 

electrification programmes as a vital policy agenda. Kessides (2006:37-38) highlights that after 

the African National Congress (ANC) had won the first democratic elections 1994, it expressed 

a strong commitment to redress the social and economic inequities of apartheid policies. Access 

to electricity was an important goal in its Reconstruction and Development Programme (RDP). 

Gaunt (2005) states that with access to electricity being one of the AN C 's major agenda, Eskom 

initiated an "electricity for all" campaign by 1992 para llel to the political negotiation process 

in the early 1990s. This campaign addressed the backlogs and severe inequities in electricity 

supply in South Africa. 

Referring to Eberhard (2003:3), the meeting organised by the Energy and Deve lopment 

Research Centre (EDRC) of the University of Cape Town (February 1992) on electrification 

(under the auspices of the Department of Economic P lanning) was a milestone in a positive 

progress on electrification. The meeting brought together policymakers and members of the 

different civil societies to discuss parameters to guide the South Afr ican electrification process. 

Marquard et al. (2008) state that the EDRC paved the way to convening the national conference 

on electrification and the launch of the at ional Electr ificat ion Forum (NELF) in 1993. This 

facilitated the consu ltative process and deve lopment of an implementable strategy to increase 

access to electricity services in the underdeveloped urban and rural areas. 

74 



3.2 .2.2 Phase two of electrification programming in South Aji-ica 

The second phase achieved the connection of thousands of households to the electricity grid. 

The A C administration converted the "e lectricity for all" campaign into the RDP. Ogunlade 

and Winkler (2006:7), show that Eskom working under the electricity for all slogan provided 

2.5 million electricity connections during 1994-1999. Prasad et al. (2006:6 I) estimated that the 

total cost was over R7 billion. The "electricity for all" campaign contributed to a 66 percent of 

households' electrification in South Africa. Thousands of rural domestic public facilities such 

as schools, clinics and households were connected to the national grid. By 2000, phase two was 

launched with an objective to access electricity to 300 000 households annually. By 2001 , 

thousands of households across the country were connected to the grid. Dinkelman (20 I I) says 

the second phase connection success rate is comparable to the first five years of Roosevelt's 

Rural Electrification Act in the United States of America. According to Prasad (2006:61-62), 

the success rate encouraged the Department of Minerals and Energy to budget an additional 

RI . I bi II ion for electrification finances in 2003. 

3.2.2.3 Phase three of electrification programming in South Africa 

This era begins in 2004 when electricity rates dropped to low levels through a programme 

formally institutionalised in the government policy. Malzbender and Kamoto (2005:2) hold 

that policies in the electrification programme were focused on improving electricity access for 

the poor during this phase. lnglesi (2010) points out that the government interest in 

electrification, especially for the poor, led to the implementation of the Free Basic Electricity 

(FBE) Programme introduced by Eskom and the DME in 200 I. The government argued that a 

typical poor household in South Africa consumes less than 50 kWh (kilowatt per hour) of 

electricity per month. The government further recommended that 50 kWh of free electricity 

should be offered to low-income households across South Africa. Adam (20 I 0: 15) views that 

the research conducted by the University of Cape Town suggesting that 56 percent of 

households in South Africa operate sufficiently with 50 kWh of electricity on which the 

government based its conclusions was misleading. This is because the research failed to 

critically evaluate if households would not consume above 50 kWh due to affordability. Recent 

research in Limpopo and Eastern Cape provinces by Azim oh et al. (2016) found that a basic 

low-income household requires a minimum of 72 kWh of electricity a month to ensure 

sustainability. 
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De la Rue du Can (20 I 3: 16) states the FBE has been an important social welfare pol icy in 

South Africa, ensuring that a basic low-incorne household has access to a decent supply of 

electricity. Makonese (2012:2) points out that FBE applicants have to meet the following 

criteria to qualify: 

• The household should be residing in a prope1ty with a municipal value not exceeding 

Rl5000o .· 

• Household members shou ld not exceed two state old age pens-ions in gross monthly income. 

• The applicant household should be able to prove limited services and will not show the 

ability to survive without the programme for at least six months. 

• The applicant household will agree to the installation of a prepaid meter on their property . 

• The misinformation by an applicant will result in forfeiting benefits. 

In accord to IMF prescriptions (2008 :56), the considerable quantity of electricity consumed 

and not connected to price remains a major setback in the electrification system of South Africa. 

It originally started with a cost of over R600 million and increased by R80 million every year. 

Makonese et al. (2012: 12) say it is fair to agree that the FBE has de livered basic electrification 

services to previously marginalised communities. However, the system remains unsustainably 

inefficient as service backlogs continue to add up. Makonese (2012:2-3) expresses the view 

that FBE policy is currently in a state of total disorder without any uniqueness of 

implementation across the country . For instance, large cities like Tshwane and Johannesburg 

offer a 100 kWh per month instead of the 50 kWh as stated in the policy. The DME (2005:37) 

states that the FBE failures are consequences of a lack of capacity and inefficiency on the part 

of local electricity administrators and the state ' s involvement in under-funding numerous 

infrastructural development programmes. 

According to Koen (2012:9), despite the large-scale electrification of numerous households in 

South Africa since 1990, there still exists a relatively high overall electricity inequality in the 

country. Ruiters (2009:248) points out that the FBE has not been a very lucrative programme 

due to the following: 

• The ki lowatts per-month is inadequate fo r meeting basic domestic needs and thus, does not 

do much in attaining a meaningful development and assistance of the poor. 

• It targets citizens with installed prepaid meters primarily . The situation 1s further 

complicated by the fact that large proportions of the poor do not have any electricity 

infrastructure. 
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• The current issues with accessing electricity such as an increase in tariffs have reduced the 

impact of the FBE to minimal. 

The Department of Energy (DoE) (201 1 :3) reported that the NEP has been on a decline 

primarily because of finance and infrastructure constraints. The DOE allege that approximately 

3 388 156 households ' connections were affected in the 2011 ineffective operationalisation of 

the programme. Winkler (2006:23a) views that the future of the EP is unsure as uncertainty 

surrounds RDP in South Africa due to growing tension between macro-economic policies . 

However, successes of the FBE cannot be overlooked, and it remains a policy foundation for 

domestic electricity supply in South Africa. 

3.2.3 Current supply position 

Debba et al. (20 I 0:6) hold that assessing domestic electricity supply performance in South 

Africa has been problematic due to limited research. Winkler (2006a:23) states that access to 

quality and affordable electricity supply is still a major difficulty to a large proportion of the 

population. De la Rue du Can (20 I 3: 10) concurs that South Africa's households still 

significantly live without access to electricity supply. De la Rue du Can (2013:8) views that 

the widespread ro lling blackouts by 2008 were due to insufficient generation capacity as 

households demand created more pressure on the grid. Winkler et al. (2011) say ' s the usage of 

different energy sources is still a common practice in South Africa across all income levels 

even after electrification. Balmer (2007) says an estimated 950, 000 South African households 

significantly rely on coal for energy, especially in winter every year. Adam (20 I 0:9) concurs 

that over four million househo lds use different sources of energy for cooking, while over two 

million households rely on candles for lighting. 

Bekker, Gaunt et al. (2008) states that in 2004 president Mbeki announced universal access to 

electricity by all households by 2012. This has not been achieved to date due to struggling grid 

capacity. Bekker also concurs that the programme did not take into consideration the growth 

rate of households. On the contrary Winkler (2006b:34) states recent estimates suggest that by 

2025 a large proportion of South African households wi ll still be un-electrified. Bekker, Gaunt 

et al. (2008) highlight that the increasing pattern of new households poses a challenge to 

electricity suppliers. Winkler et al. (2011) hold that the off-grid electrification programme 

initiative has not been successful due to ineffective imp lementation. DME (2008:38) highlights 

that the general quality of electricity service provided to customers is not at an acceptable level. 
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Adam (2010:9) argues that regardless of the increased electrification in South Africa, the poor 

are still incapable of acquiring adequate electricity to alter the quality of their living standards. 

3.2.4 Electricity consumption and efficiency 

DME (2008:35) highlights that the domestic sector presents significant challenges for South 

African electricity suppliers because of their numbers in different categories with diverse 

needs . Horacek (2014:1) says analysing consumer behaviour regarding electricity is usually 

complex. It is of principal importance for electricity administrators to establish patterns of 

electricity consumption behaviour for government policy concerning optimal taxation, energy 

infrastructure, nature-friendly legislation and electricity security. Utilities that understand and 

leverage the perceptions, behaviours and values of their consumers ultimately generate the 

most value in this new energy era (Guthridge, 2010:3). Understanding consumer behavioural 

changes are essential in achieving greater energy effic iency (Makgetla, 2008: 13). 

Von Ketelhodt and Wocke (2008) agree that electricity consumption has moved closer to a 

critical situation and electricity administrators have been appealing to the public to reduce the 

use of appliances that overload the grid. Appliances with high consumpt ion such as hot water 

cylinders and pool pumps have directives to switch off during peak hours to stabilise 

consumption and capacity. According to Diederichs et al. (2014:26) a typical low-income 

household in South Africa still primarily utilises old appliances that are not energy effic ient. 

Covary et al. (2014:6) maintain that old modelled appliances have less functionality and 

consume high energy. This is contrary to upper-income households' tendency of upgrading 

their appliances as latest models are avai lable on the market. Inefficient appliances will 

effectively be exterminated only by 2024. Tholen et al. (2015:20) highlight that energy 

efficiency has been identified as a critical action to overcome the pervasive shortage of supply 

and the energy consumption intensity in South Africa. 

Gotz et al. (2016: 1-2) state that the development of a basic energy efficiency policy framework 

began in 2005 considering only refrigerators. This initially pioneered the development of the 

South African ational Standards (SA S 94 1) for monitoring energy efficiency for electrical 

and electronic devices in 2008. The SANS 941 programme identified reliable energy efficiency 

requirements , labelling and measurement procedures for introducing an obligatory parameter. 

Long waiting periods to imp lement the policy due to funding and negl igence to the initiative 

has characterised the programme as poor standard . SAN94 I became only operational in 
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2015/20 I 6 to monitor refrigerators , washing machines, drye rs , dishwashers , electric water 

heaters, ovens, air conditioners and heat pump appliances. 

Gotz et al. (20 I 6) point out that the lack of information and knowledge on the programme 

remains a barrier for successful marketing. Procedures are still not in compliance with 

acceptable standards and no evaluation procedures exist. The policy in practice needs effective 

frameworks and policy evaluation. 

Bah and Azam (2017) emphasise that the delivering and consuming electricity sustainably and 

efficiently still remains a major problem in South Africa. Inglesi and Blignaut (2011 :6) say 

there have been calls by administrators towards reasonable consumption tendencies for 

efficiency improvements . In agreement with Von Ketelhodt and Wocke (2008), South African 

consumers need to embrace efficient electricity consumption tendencies to prevent future 

electricity constraints such as price increases and inconsistency in supply. Altman et al. 

(2011 :43) project an on-going shortfall in supply capacity if exceptional efforts are not 

established in energy-saving practices . 

3.3 Methodology 

Wilson (2009:5) maintains that methodology involves the planned schedule in obtaining and 

analysing data to answer suggested research objectives. A quantitative research design was 

utilised in this paper. As explained by Creswell (2009:3), research design provides a proper 

guideline for a researcher to follow and develop a reliable framework for solving an identified 

problem. Punch (2009: 112) suggests that research design initiates a connection between a 

researcher and the empirical world, while Edmonds and Kennedy (20 I 3 :20) say a quantitative 

research fundamentally entails the application of quantitative properties in social sc ience. 

3.3.1 Population and sampling 

Bickman and Rog (2009:77) refer to the population as the total group that a researcher conducts 

an empirical investigation on. Despite that the research is centred on South Africa in general , 

the population for the empirical research was on households from the North West and Gauteng 

provinces . Gauteng province was considered essential because of its urban growth when 

compared to other provinces in South Africa. The orth West province was selected as it was 

necessary to also target a developing geographical location to represent the spatial geography 

of South Africa. 

The focus was on specific sampled geographies from each of the selected provinces . In the 

North West province, Mafikeng and Potchefstroom were targeted, while Pretoria and 
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Johannesburg for the Gauteng province. A purposive-convenience sampling technique was 

used in this paper. The four aforementioned geographies were selected because of the nature 

of their settlements as it complied with the intention of the paper 's object ives . The nature of 

settlements in the four selected towns is characterised by extremes of high-income groups and 

low- income group settlements. Thus, quota sampling guidelines were uti lised to avoid any 

biases that might occur and to ensure that target groups are proportionately represented . Cohen 

et al. (2011: 156) ho lds that the purposive sampling techni que involves the de liberate selection 

of particular participants with relevant and reliable information to the empirical research. 

Target participants were income earners in households . According to Farrokhi and Mahmoudi­

Hamidabad (2012), convenience sampling entails the targeting of participants based on 

availability and accessibility, especially with empirical investigations involving a large sample. 

Through convenience sampling, an adequate participatory size was obtained. 

According to Maree and Pietersen (20 I 6: 177) quota sampling guidelines entails targeting 

relevant participants to reflect an adequate representation for each sampled sub-groups. This 

made it possible to discover the heterogeneity and deliver better results compared to probability 

sampling in research investigations with a population containing groups with distinct 

characteristics. De Rada and Martin (2014) opinionate that it is very relevant in utilising quota 

sampling guidelines for household studies. The paper sampled participants from eight 

individual groups from two different quotas . 

The empirical research only considered sampling forma l settlements. Formal settlements make 

over 80% of electricity consumers in South Africa. Alternatively, targeted low-income groups 

are characterised by the RDP housing projects in which informal settlers are majority 

benefactors. This was done to limit bias. It was estimated that 50 participants should be 

appropriate representatives of each group. Field (2014: 9 15) suggests a major research requires 

I 00 respondents from main groups and 20 to 50 respondents per sub-group. A further 

elaboration of the empirical research is reflected in figure 3.2: 
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Figure 3.2 Summary of population and sampling 

3.3.2 Data collection method 

I 50 

I 50 

I :50 
I 50 

The data collection employed closed-ended questionnaires with defined categories to establish 

the effect of electric ity supply and consumption on the South African domestic sector and 

re lated electricity consumer behaviours. Tait (2017) recommended that a detailed household 

energy study in South Africa should prioritise focus on affo rdabil ity, safety, reliability, 

appliance usage and consumptions of alternative energy fuels. The questionnaire used was 

developed within the recommended parameters by Tait (201 7). The questionnaire was 

structured under five main themes and with each having sub-categories. Questions were 

designed from a nominal (pai.ticipants had to tick on the appropriate option), dichotomous 

(pa1ticipants had to select from options; yes, no or don't know) and a Likert scale (participants 

had to rank their opinions on statements on the five- point Likert scale). Due to the massive 

undertaking here, field workers were utilised for the data collection exercise. Field workers 

were strictly post-graduate students with sufficient background on social science empirical 

research data collection. Training sessions were held with field workers to advise on what was 

required of them in the fieldwork. 

3.4 Data analysis 

The IBM Statistical Package for Social Science statistics version 23.0.0 as prescribed by SPSS 

Inc (2016) was used in analysing data. According to SPSS Inc (2016), the SPSS software is an 

advanced and professional application in analysing data. To enable analyses , questions had to 

be coded. 
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3.4.1 Presentation and interpretation of resu Its 

The following section presents results and interpretation of the data. Results for all tests that 

were conducted have been presented in tab les to aid understanding of outcomes. Outcomes 

from the empirical research have been supported by data from existing literature in the 

conclusions. 

Table 3.1 Percentages for return of questionnaire per target location 

Code Target location City F req uency Percentage 

I Pretoria North Pretoria 51 15.80% 
2 Soshanguve Pretoria 50 15.50% 
3 Auckland Johannesburg 50 15.50% 

4 Soweto Johannesburg 49 15.20% 
5 Reviera park Mafikeng 49 15 .20% 
6 Extensio n 39 Mafikeng 50 15.50% 
7 Potchefstroom town (Potch) Potchefstroom city 15 4.60% 

8 lkakeng Potchefstroom city 9 2.80% 

323 100% 

Table 3 .1 reflects the number of percentage of responses returned from each sampled group. In 

total, 323 participants responded to questionnaires that were distributed. Results reflect that 

Gauteng Province (Johannesburg and Pretoria) made up 62% of the total samp le. The orth 

West Province (Mafikeng and Potchefst room) made up 38%. 
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Table 3.2 Biographic outcome of participants 

Code Biographic category Percentage Summary 
51.7% was made up of female particpants, while --...... ---------------Gender 

! Male 48.30% males participants made up 48.3% ------------------2 Female 51.70% 

100% 

Household participant Fathers and mothers were majority participants with l---'T"'""-----'---'----........ ------4 
Father 40.30% 80.3% 

2 Mother 40% 

3 Child 8.40% 

4 Tenant 8.20% 

5 Grand parents 3.10% 

100% 

44.8% of the participants were married. A 13.9% l---'T"'""----------........ ------4 Marital Status 

1 Ma11ied 44.80% and 7.3% are in a relationship and divorced ------------------2 Single 34.10% respectively. 34.1 % of the participants were singles ------------------1 n a relationship I 3.90% 

4 Divorced 7.30% 

100% 

Qualification A total of 64.2% of the participants have an __ 'T"'"" __________ ...,.... ___ _ 
I Grade 12 and below 35.80% educational level from diploma and above. A 
l----+------------+-------4 
2 Diploma 17.10% 35.8% represent Grad 12 and below ------------------3 Degree 28. 80% 

4 Post Graduate 18.40% 

100% 

Income contribution The empirical research effectively achieved it l---'T"'""----------........ ------4 
1 Primary income earner 76.70% sampling plan ensuring that primary income earners 
I---+------------+------! 
2 INot the primary income earner 23.30% were majority participants. Primary income earners 
--------------+--l-OO_o_y

0
--1where represented by 76.7% 

Table 3.2 reflects the outcome from the biographic responses . The majority of the sample was 

made up of female (51. 7% ), fathers and mothers (80.3 % ) as well as primary income earners 

(76.70%). 
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Table 3.3 Household profile 

Houselt oltl Profile Code /11tlivitl1111/s per range percentage S1111111111,y 

1 1 to 3 members 83.60% The majority (83.6%) of the households that 

Household members 18 years and 
2 4 to 6 members 16% participated had 1-3 members 18 years and y0Ln1ger 

3 7 to 9 members 0.40% 
y0Ln1ger 

4 10 and more 0% 

100% 

1 I to 3 members 83.30% The majority (83.3%) of households that participated 

Household member 19 years and 2 4 to 6 members 14.80% had 1-3 mcmcbers members older than 18 years 

older 3 7 to 9 members 1.60% 

4 10 and more 0.30% 

100% 
1 I to 3 members 40.60% Almost half of the total households particpated had a 

Total household size 
2 4 to 6 members 48.80% total household size of 4 to 6 members, 40 .6% had only 

3 7 to 9 members 9.40% 1-3 memebers. Less than 10% had 7-9 total household 

4 10 and more 1.30% members and only 1.3 % had 10 or more 

100% 
1 Prepaid 70.80% 0 utcome rellects that most electricity users utilised a 

Type of electricity meter 
2 Conventional 29.20% prepaid connection 

100% 

I RIO- R50 2.80% The outcome reflects that 55% spent above R301 

2 R51- RIOO 6.20% monthly on electricity cost 

3 RIO! - RlSO 8.70% 
Monthly electricity expenditure ol 

4 Rl5I - R200 11.50% 
households 

5 R201- R250 8.70% 

6 R251- RJOO 7.10% 

7 Above R301 55% 

100% 

I Less than R 15, 000 41.80% 41.8% live on a monthly income lll1der Rl 5, 000 while, 

2 Rl5,00I - R25, 000 19.90% 58.2% live on an income above RI 5,000 
Total Gross Monthly Income ol 

3 R25,00 I - R34,000 16.10% 
household 

4 R34,001- R46,000 11.70% 

5 Above R46 000 10.40% 

100% 

Table 3.3 shows the household profi les. The majority (83.6%) of the households that 

participated had l-3 members, 18 years and younger. The majority (83 .3%) of households that 

participated had 1-3 members, older than 18 years. Almost half of the total households 

participated had a total househo ld size of 4 to 6 members, while 40 .6 % had only 1-3 members. 

Less than I 0% had 7-9 household members , and only 1.3% had IO or more. A significant 29.2 

% of the participants still utilised the conventional metering system. Results also indicate that 

over 41 % of the sampled individuals live on a monthly income of Rl 5, 000 and lower while 

55% of the partic ipants spent above R301 , 00 on their monthly electricity needs. 
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Table 3.4 Descriptive statistics for supply sufficiency 

Statements Scale points Percentage Mean Standard Conclusions 
deviation 

I. The supply of electricity in South 

Africa is: 
I Strongly disagree 15.60% 15.6% and 42.2% strongly disagreed and 

2 Disagree 42.20% disagreed respectively that electricity supply is 

a) SuffJCient 3 Neutral 23.80% 2.48 1.02 sufficient. Thus, participants who disagree 

4 Agree 15.30% made up a total of 57.8% 

5 Strongly agree 3. 10% 

I Strongly disagree 12.50% 12.5%. and 42.3% strongly disagreed and 

2 Disagree 42.30% disagreed respectively that electricity supply is 

b)Consistent(klw voltage) 3 Neutral 24.80% 2.55 1.00 consistent. A total of 54.8% of the 

4 Agree 17.90% participants strongly disagreed and disagreed 

5 Strongly agree 2.50% 

I Strongly disagree 19.40% 19.5% and 4 5.5% strongly disagreed and 

2 Disagree 45.50% disagreed respectively that electricity supply is 

c) Without interruptions (blackouts) 3 Neutral 20.70% 2.33 1.01 without interruptions. A total of 64.9% of the 

4 Agree 11.30% participants disagreed 

5 Strongly agree 3.10% 

1 Strongly disagree 9.80% 41.8% participants on total disagreed that 
2 Disagree 32% electricity supply is adequate. 25.6% of the 

d) Albws househoki to perfonn 
3 I Neutral 25.60% 2.89 1.13 particpants where neutral and a total of 32.6% 

basic househoki activities 
4 Agree 24.40% agreed 

5 Strongly agree 8.20% 

1 Strongly disagree 18.50% 18.5% and 38.7% 
. . 

participants strongly 

2 Disagree 38.70% disagreed and disagreed respectively, swning 
2. Future ek:ctricity supply will be 
without interruptions 

3 Neutral 28. 10% 2.4 0.96 up to 57.2%. 28.1 % of the particpants where 

4 Agree 14.1()% neutral and a total of 14.7% of the 

5 Strongly agree 0.60% participants agreed 

1 Strongly disagree 9.70% 9.7% and 45.8% participants strongly 

3. Ek:ctricity supply strength albws 2 Disagree 45.80% disagreed and disagreed respectively suming 

for effective functioning of 3 Neutral 25. 10% 2.57 0.97 up to 55.5%. 25. 1 % of the participants where 

househoki 4 Agree 16.60% neutral and 19.4% of the participants agreed 

5 Strongly agree 2. 80% 

Table 3.4 presents results fo r supply sufficiency. The results refl ect that a significant proportion 

of the participant's view was that the supply is not sufficient. Respondents tend to disagree w ith 

supply sufficiency (Statement 1: a, b, c, 2 and 3 (M = 2.48, SD = 1.02), (M = 2.55, 1.00), (M 

= 2.33, 1. 01 ), (M = 2.4, SD = 0.96) and (M = 2.57, SD = 0.97) respectively. They tend towards 

neutral on supply sufficiency statement d (M = 2. 89, SD = 1. 13). 
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Table 3.5 Descriptive statistics for supply sufficiency (dichotomous questions) 

Statements Yes No Don' t kn ow Conclusions 

I .Are you aware of the government scheduled A total of 74.3.4% participants respondent 
free month ly electricity (FBE 50 kwts per 25.70% 53 .90% 20.40% negative of being aware of the FBE 
household)? 
2.Do your household make use of the A total of 88.8% gave a negative response on 
government scheduled free monthly 50kwts 11.20% 64.20% 24.60% util is ing the FBE 
electricity? 
3.Is 50kwhs electricity enough to meet your 

5.90% 70.30% 23.80% 
70.3% part icipants sa id 50kwhs of electricity 

household demand? cannot meet their household demand 

4.Has your residential area experienced 59.8% of the participants agreed to have 
electricity interrupt ions (b lack-outs) in the 

59.80% 25.70% 14.60% 
experienced interruptions in the last 6 months 

I ast 6 months? in their residenti al area. 25.7% and 14.6% 
disagreed and do not know respectively 

Table 3.5 presents the descriptive statist ics fo r supp ly suffic iency (dichotomous questions). The 

dichotomous section tested the awareness and uti lisation of the Free Bas ic Electricity (FBE). 

Results reflect that consumers lack both usage parameters and awareness of the FBE. Also, a 

significant portion of the consumers of 70.3 % po ints out that 50kWh is inadequate to meet 

household demand. Another important outcome was that 59.8 % participants indicated that they 

experienced supply interruptions within the last six months. 

Table 3.6 Descriptive statistics for service quality 

Statements Scale points Perce ntage Mea n Standard Conclus ions 
deviation 

I.Electricity supply volwnes meet I Strongly disagree 12.40% 12.4% and 45.3% of the participants strongly 
the households in South Africa 's 2 Disagree 45.30% disagreed and disagreed respectively tliat supply 
demand 3 Neutral 25.20% 2.48 0.94 does not meet househokls demand. 25 .2% are 

4 Agree 15.80% neutral and 17% agreed that electricity supply 

5 Stron,lv a,ree 1.20% meets demand 

2.Multiple electric appliances (e.g I Strongly disagree 7.20% A total of29.9% strongly disagreed and disagreed 
stove, geyser & kettle) can be 2 Disagree 22.70% to the ability to simultaneously use multiple 
used simultaneously in your house 3 Neutral 12.50% 3.85 1.21 appliances. A majority of the participants agreed 

4 Agree 39.90% that multiple appliances are used simultaneously 

5 Strongly agree 17.80% making up a total of 57. 7% 

3. Load shedding has an effect on I Strongly disagree 4.30% A total of 73% participants agreed and strongly 
househokl functioning (e.g. study 2 Disagree 6.80% agreed that load shedding affects househokl 
time for school children) 

3 Neutral 15.20% 3.95 1.08 functioning. 15.2% where neutral while a total o 

4 Agree 36.80% 
11 .1 % strongly disagreed and disagreed 

5 Strongly agree 36.80% 
4. Unannounced load shedding I Strongly disagree 1.60% A total of 72.9% of the participants agreed and 
destroys home appliances 2 Disagree 16.50% strongly agreed that load shedding causes damages 

3 Neutral 9% 3.93 1. 13 on electrical appliances. 9% where neutral while a 

4 Agree 32.70% total of 18.1 % strongly disagreed and disagreed 

5 Strongly agree 40.20% that load shedding causes damages 

5.Domestic fa mily comfort I Strongly dis agree 2.20% 31.9% and 24 .7% of tl1e part icipants agreed and 
(watching Tv, heating water, 2 Disa_gree 9.10% strongly agreed respectively that inconsistent supply 
security lights, and pool pumps) has 3 Neutral 32.20% 3.68 1.0 1 has impact on domestic comfort. 32 .2%. where 
been innuenced negatively by 4 Agree 31.90% neutral and 11.3% on total disagreed 
inconsistent electricity supply 

5 Strongly agree 24.70% 
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In general, the respondents agreed with the statements provided, thus indicating that multiple 

electrical sources could be used (M = 3.85, SD = 1.2 1). Households agreed load shedding has 

an effect on their household functio ning (M = 3.95, SD = 1.08), participants agreed 

unannounced load shedding destroys their home appliances (M = 3.93, SD = 1.13) and 

households also agreed domestic fam ily comfort had been influenced negatively by 

inconsistent electricity supply (M = 3.68, SD = 1.01). Households also felt that South Africa's 

household demand is not met by the electricity supply (M= 2.48, SD = 0.94). Supply and 

demand inconsistencies have remained a setback to electricity suppliers starting from the last 

quarter of 2007. The country at large is faced with uncertainties regarding reliability in 

electricity supply. Currently, there are concerns towards suppliers' ability to meet constantly 

increasing demand. The monopoly of coal technology has generally been criticised of its 

capability to stand the test of time as the world is gradually moving towards more competent 

production technologies. 

Table 3.7 Descriptive statistics fo r health risk 

tatements Scale points percentage Mean Standard Conclusio ns 
deviation 

I.Alternative sources for heating I Strongly dIBagree 3.10% 40% and 32% % participants strongly agreed 

and cooking ( e.g. paraffin and 2 DIBagree 6.20% and agreed respectively that unclean source 
wood) cause health problems 3 Neutral 18.30% 4.00 1.05 of energy causes health damage. Thus, 72% 

4 Agree 32% participants on total feel usage of traditional 

5 Strongly agree 40% sources of energy affects health 

2.Alternative sources for heating I Strongly dIBagree 2.80% 40. 7% and 37.3% strongly agreed and 
and cooking could contribute to 2 DIBagree 5.60% agreed respectively that unclean source of 
hazardous consequences (e.g. 3 Neutral 13.70% 4.00 I.DO energy causes peril. The afore scale points 

accidental arson) 4 Agree 37.30% made up 78% of the respondents 

5 Strongly agree 40.70% 
3. The usage of unclean sources of I Strongly dIBagree 4.1 0% A majority of the participants of 53.1% and 
energy causes arr and 2 DIBagree 4.40% 27.2% strongly agreed and agreed 

environmental poUution 3 Neutral 11.30% 4.21 1.07 respectively that usage of unclean energy 

4 Agree 27.20% increases environmental concens 

5 Strongly agree 53.10% 

Table 3.7 shows the results for perceived health risk. In general, the respondents agreed with 

the statements provided ind icating that alternative sources of energy cause health problem 

(means= 4.00, SD=l .05), alternative sources of energy contribute to hazardous consequences 

(mean = 4.00, SD = 1.00) and usage of unclean sources of energy causes environmental 

pollution (mean= 4.21, SD = 1.07). This implies that alternative sources of energy which are 

the usually unclean impact on domestic consumers negatively. 
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Table 3.8 Descriptive statistics for cost reliability 

State ments Scale points Perce ntage Mean Standard Conclusions 
deviation 

I.Electricity price increases is I Strongly disagree 3.80% 45.6% and 27% participants strongly agreed and 
relatively higher than u1creases to 2 Disagree 5.30% agreed respectively that increases in electricity cost 
your household's disposable 3 Neutral 18.20% 3.88 0.99 is not consistent to growth in disposable income, 
income 4 Agree 45.60% making up 72.6% 

5 Strongly agree 27% 
2. Increased electricity fees impact I Strongly disagree 1.30% 6 I% participants agrees that u1creases in electricity 
on domestic electricity purchasing 2 Disagree 6% cost affects their electricity purchasu1g capacity. A 
ability 3 Neutral 11.70% 3.92 0.81 20% strongly agreed 

4 Agree 61 % 

5 Strongly agree 20% 
3.The current cost of electricity is I Strongly disagree 21.IO¾ A 21.1% and 36.8%, of the participa nts strongly 
acceptable 2 Disagree 36.80% disagreed and disagreed respectively. Tims, 57.9% in 

3 Neutral 21.40% 2.48 1.15 total felt that the current electricity cost is not 

4 Agree 14.80% acceptable. However, it is noteworthy that 21.1% 

5 Strongly agree 6% participants were neutral 

4.Future electricity price n1creases l Strongly disagree 7.60% A 25% and 49.4% participants strongly agreed and 
is a threat to domestic electricity 2 Disagree 9.20% agreed respectively that the n1creases in electricity 
purchase ability 3 Neutral 8.90% 3. 75 1.1 5 price create concerns to their future purchasing 

4 Agree 49.40% capability 

5 Strongly agree 25% 
5.Due to tl1e increasu1g high cost l Strongly disagree 6.60% Results reflects that a 25.2% and 26.4% of the 
of electricity, you tend to rely on 2 Disagree 23.90% participants agreed and strongly agreed respectively 
alternative energy sources (wood, 3 Neutral 17.90% 3.41 1. 28 swnming up to a total of 51.6%. 30.5% disagreed 
paraffin or candles) 5 Strongly agree 26.40% and 17.9% were neutral in relying on alternative 

energy sources due to increasing electricity cost 

Table 3.8 presents results for cost reliabil ity. In general , the respondents agreed with the 

statements prov ided in most cases. Results reflect that electricity price increases are not 

factored to cater for households ' disposable income (M = 3 .88, SD = 0.99), increased electricity 

fees impact on domestic electricity purchas ing ab ility (M = 3.92, SD = 0.81) and future 

electricity price is a threat to domestic electricity purchase ability (M = 3.75, SD = 1.15). 

Households also felt neutral that due to increasing high cost of electric ity, consumers tend to 

rely on alternative energy sources (M = 3.41, SD = 1.28). Participants also disagreed that the 

current cost of electricity is acceptable (M = 2.48 , SD = 1.15). The MYPD pricing technique 

applied by NERSA and Eskom has constantly been criticised as non-pragmatic. A critical 

review of the methodology reflects that it does not consider market forces in implementing 

periodic increases. Thus, there is a need for a more dynamic and applicab le methodology 

towards standardised electricity pricing in So uth Africa. 
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Table 3.9 Descriptive statistics for energy saving activities 

ta tements Scale points Pe rce ntage Mean Standard Conclusio ns 
de viatio n 

I.In your household you switch off I Strongly disagree 2.20% 40.3% and 34.3% participants agreed and 
lights when leaving a room 2 Disagree 11.90% strongly agreed respectively that they switch 

3 Neutral 11.30% 3.92 1.06 ofT lights when living a room in the house 

4 Agree 40.30% 

5 Strongly agree 34.30% 

2.In your household you switch off I Strongly disagree 5.50% A reasonable 38% and 21.4% of the 
geyser at certain times 2 Disagree 20.30% participants agreed and strongly agreed on 

3 Neutral 14.80% 3.49 1.19 using their geyser efficiently. Alternatively, it 

4 Agree 38% is important to note that a significant 25.8% 

5 Strongly agree 21.40% 
disagreed 

3.In your household you use warm I Strongly disagree 6.60% A total of 54.4% of the participants agreed 
clothing or blankets instead of a 2 Disagree 24.70% and strongly agreed to the usage of warm 

electric heater 3 Neutral 14.20% 3.35 1.22 cloths instead of electric heater. However, a 

4 Agree 35.40% total of 31.3% of the participants disagreed 

5 Strongly agree 19% 

4.ln your household you switch I Strongly disagree 5% A proportion of 39.9% and 16.5% of the 

appliances (e.g. routers and 2 Disagree 18.30% participants summing up to a total of 56.4% 

modems) on standby mode when 3 Neutral 20.10% 3.45 I.II agreed to switch off appliances when not in 

not in use 4 Agree 39.90% use. 20% and 23.3% gave a neutral and 

5 Strongly agree 16.50% negative response respectively 

5. You report members of society I Strongly disagree 12.30% A total of 35.9% of the participants tend to 

that gain electricity illegally 2 Disagree 23.600/o disagree and strongly disagree. A 39.8% 

3 Neutral 24.30% 3. 11 1.3 agree and strongly agree respectively. 24.3% 

4 Agree 20.40% were neutral 

5 Strongly agree 19.40% 

6. Itemised billing could contribute I Stronglv disagree 5.90% A total of 57.2% of the participants agreed 

to more effective electricity usage 2 Disagree 11.20% and strongly agree; while a total of 17.1 % 

3 Neutral 25.700/o 3.48 1.05 disagreed and strongly disgareed that itemised 

4 Agree 43. 10% billing will assist them to be cautious on 

5 Strongly agree 14.1 00/o electricity usage. A 25.7% were neutral 

Table 3 .9 presents results from energy saving factors. T his construct was aimed at determ in ing 

consumers' behaviour towards energy saving activities . In general, respondents were neutral 

to statements provided except for statement I , reflecting that part icipants agreed that lights are 

switched off when leaving a room (mean= 3.92, SD = 1.063). 

3.4.1.1 Factor analysis 

An exploratory factor analys is was conducted in this article . Bartholomew et al. (2011 :24) 

assert that the factor analysis applies to concepts that are measurable and observable variables 

that can be summarised to lesser latent variables with a common variance. A factor analysis is 

normally performed to establish the fundamental relationship among factors. Factor analysis 

elements considered in this article are elaborated according to Yong and Pearce (2013) and 

Cornish (2007:3) as follows: 
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• Determinants: This test assesses that the correlations between the items are not too high 

within an individual factor. The determinant should be ~0. 0001 to indicate that there are 

no severe correlations between the items. 

• Kaiser-Meyer-Olkin: The KMO measures the sampling adequacy. The KMO has an 

acceptance range from 0.5 to above 0.9. The range between 0.5 and 0.7 is medium, 0.7 to 

0.8 is good, 0.8 to 0.9 is very good and >0.9 is superb. 

• Barlett's test: This test estimates if the correlation between items is high enough to be 

categorised under a particular factor. A p value < 0.05 is considered to be significant. 

• Communalities: Communalities assess the proportional variance of each item to be 

explained by the extracted factor. Communalities should be >0.3 to be considered 

sufficient. 

• Variance explained: This requires that at least 50% of the total variance should be 

explained by the extracted factors. 

• Pattern matrix: The pattern matrix indicates the factor loadings . 

Table 3.10 Factor analysis results for operational reliability 

Determinant 

KMO 
Barllett's Test I Sig 

Code Statements 

Bl.la The supply of electri.::ity in South Afri.::a 5 sufficent 

Bl. lb The supp~ of electri.::ity in South Africa 5 cons5tent (low voltage) 

Bl.le The supp~ of electri.::ity in South Africa 5 wrtoout interrupfons (blackouts) 

Bl.Id The supp~ of electri.::ity in South Africa allows oouseoold to perfonn basic oouseoold activrties 

Bl.2 Future electricity supp~ will be wrthout interruptions 
Bl.3 Electri.::ity supp~ strength allows for effective fuocfoning of household 

0.62 

0.849 
:S0.000 I 

Communalities Total variance 

0.75 

0.60 

0.46 
59.60% 

0.61 

0.26 
0.44 

Table 3. 10 reflects factor analysis results for the operational reliability factor. All tests adhered 

to the guideline values. All the communalities for this analysis were close to the guideline value 

of 0.3. Results also reflect that 59.6% of the variance is explained by the extracted factor. The 

KMO and Bartlett determinants are 0.62, 0.849 and ::;0.0001 respectively. 
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Table 3.11 Factor analysis results for supply adequacy 

Determinant 0.037 

KMO 0.75 

Bartlett 's test I Sig. <0.0001 

Code Statements Co11mu11111/ities Total variance Pattern 1natrix 

Service quality Health risk Cost reliability 

Cl.I Electricity supply volumes meet the 
0.48 

households in South Africa's demand 
0.5 1 

Cl.2 Multiple electric appliances (e.g. stove, 
geyser & kettle) can be used 0.17 -0.33 
simultaneously in your house 

Cl.3 Load shedding has an effect Oil 

household functioning (e.g. study time for 0.3 1 -0.39 
school children) 

C!.4 Unannounced load shedding destroys 
0.53 -0.57 

home appliances 

C 1.5 Domestic family comfort (watching Tv, 
heating water, security lights, and pool 

0.40 0.76 
pumps) has been ntlluenced negatively 
by inconsistent electricity supply 

C2 .I Alternative sources for heating and 
cooking (e.g. para!T111 and wood) cause 0.64 0.83 
hea Ith problems 

C2.2 Alternative sources for heating and 
cooking could contribute to haz.ardous 0.77 51.80% 0.67 
consequences (e.g. accidental arson) 

C2.3 Contu1ues coal usage by electricity 
producers causes air and environmental 0.49 
pollution 

C3.I Electricity price increases is relatively 
higher than u1creases to your household's 0.6 1 0.76 
disposable income 

C3.2 Increased electricity fees impact on 
0.52 0.70 

domestic electricity purchasn,g ability 

C3.3 The current cost of electricity is 
acceptable 

0.11 -0.28 

C3.4 Future electricity price increases is a 
threat to domestic electricity purchase 0.34 0.30 
ability 

C3.5 Due to the increasing high cost of 
electricity, you tend to rely on alternative 

0.14 -0.26 energy sources (wood, para!T111 or 
candles) 

Table 3.11 presents factor analys is resu lts for the supply adequacy facto r and its sub-factors 

namely: serv ice quali ty, health risk and cost reliability. Resul ts also reflect that 51. 8% of the 

variance is explained by the three extracted factors. The pattern matr ix ind icates the factor 

load ings. The determinant, KMO and Bartlett test are 0.037 , 0.75 and :s; 0.0001 respectively, 

thus with in the guideline values. 
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Table 3.12 Factor analysis results for energy saving factor 

Detenninant 0.458 

KMO 0.737 

Bllrtlett's test I Sig. '.S0.000 I 

Code Statements Com11ut1111/ities Total variance 
Pattern matrix 

Energy Sllving activities Energy saving alert 

DI.I In your household you switch off lights when 
0.33 0.4 

leaving a room 

01.2 In your household you switch off geyser at 
0.58 0.84 

certain times 

01.3 In your household you use warm clothing or 
0.30 0.47 

blankets instead of a electric heater 

01.4 In your household you switch appliances (e.g. 55% 
routers and modems) on standby mode when 0.31 0.97 
not in use 

01.5 You report members of society that gain 
electricity illegal~· 0.22 0.46 

01.6 Itemised billing could contribute to more 
effective electricity usage 0.42 0.62 

Table 3.12 reflects factor analysis results for energy saving activ ities. All the communalities 

for this analysis were close to the gu ideline value of 0.3 . Results also reflect that 55% of the 

total variance is explained by the extracted factors. The pattern matrix indicates the factor 

loadings. The determinant, KMO and Bartlett test are 0.45 8, 0.737 and S0.0001 respectively, 

thus falling within the guideline values 

3.4.1.2 Cronbach 's alpha and factors summary 

Tavakol and Denni ck (2011) state that the Cronbach 's Alpha measures the internal consistency 

within all the items of a test or a scale. Tavakol and Denn ick (2011) and Tavakol and Dennick 

(2008) also say it is fundamental to evaluate the reliability of data scores as Cronbach 's alpha 

does. For an exploratory study reliability measured by Cronbach 's Alpha of >0.5 and <0.7 is 

good. However, reliability is considered as very good or excellent if it is >0.7. Field (2014: 708 

- 709) states that due to several dynamics relating to what should be actu ally accepted as a 

reliable Alpha for an analysis , values of 0.5 or above are deemed sufficient. 

Table 3.13 The reliability test 

Factor Cronbach Alpha 
Suon Iv sufficie ncy 0.86 
Service qualitv 0.71 
Health risk 0 .84 
Cost reliabilitv 0 .70 
Energy saving activities 0 .72 
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Table 3. I 3 reflects Cronbach alpha values for all factors. Results show that the Cronbach 's 

alpha values for all factors were 0. 70 and above and thus the factors are deemed reliable. 

Although the factor analysis indicated that two sub-factors can be extracted for the energy 

saving activities factor, based on the reliab ility it was decided to extract only one factor. Thus, 

it was decided to consider only one factor going forward. 

Table 3.14 A summary of the means and standard deviations of factors 

Factors Mean Sta nd ard deviation Co nclusions 

Supply sufficiency 2.54 0.79 
Results reflects that participants generally 
disagree that supply sufficiency is effective 

Results reflect that pa1ticipants are generally 
Service quality 3.53 0.67 neutral to service quality 

Results reflect that participants generally agree 

Health risk 4.09 0.91 that there is health risk towards the usage of 
unclean sources of energy 

Results reflect that paiticipants generally agree 

Cost reliability 3.69 0.65 that the increase in the cost of electricity affect 
their electricity purchased capability 

Energy saving activities 
Results reflect that paiticipants are generally 

3.49 0.71 
neutral towards energy saving behaviours 

Table 3 .14 presents a summary of participants' general responses on the five extracted factors . 

The results reflect that participants generally disagreed tending towards feeling neutral that 

supply sufficiency from the Eskom grid is adequate (M =2.54, SD = 0. 79). Participants had 

neutral opinions tending towards agree on the service quality (M = 3.53, SD = 0.67). 

Participants agreed that unclean sources of energy have significant associations with health risk 

(M = 4.09, SD= 0.91). Participants agreed that electricity cost is not reliable (M = 3.69, SD= 

0.65) and are neutral tending towards agree that they practice energy saving activities in 

households and appliance acquisition (M = 3.49, SD= 0.7 1). 

3.4.1.3 Independent T-test 

The T-test analyses the difference between the means derived from the different groups' scores. 

Schlomer (2009:3) says the independent samples T-test is used to compare two groups from a 

sample whose means are not dependent on one another. IBM (2016:33) states that descriptive 

statistics for equality of variance for each group are reflected through the Levene's p-value test. 

The independent T-test involves comparing the means by effect size of two groups with 

possible unique individual characteristics from the other. The effect size explains practical 

differences between the means. Values >0.2, >0.5 and >0.8 reflect small, medium and large 

differences respectively. The independent T-test was utilised in comparing the (Low-income 

and the high-income groups ' responses). The p-values are reported for the purpose of 
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completeness sake, but are not interpreted since a purpos ive-quota sample was used and not 

random sampling. 

Table 3.15 Results of T-test between low-income and high income groups 

Facto ~ Groups Income class Mean Standard Leve ne's Effect 
deviation P va lue s s ize 

Supply sufficiency 
Pretoria Auckland, Reviera and Potch High income 2.83 0.78 

<0.001 0. 75 
Soshanguve, Soweto, Extension 39 and lkakeng Low-income 2.24 0. 68 

Pretoria, Auckland, Reviera and Potch High income 3.34 0.64 
Service quality 

Soshanguve, Soweto, Extension 39 and lkakeng 
<0.001 0.62 

Low-income 3.74 0.64 

Health risk 
Pretoria Auckland Reviera and Potch High inconx: 4. 12 1.01 

0.48 0.07 
Soshanguve, Soweto, Extension 39 and lkakeng Low-income 4.05 0.79 

Pretoria, Auckland, Reviera and Potch High income 3.69 0.67 
Cost reliability 

Soshanguve, Soweto, Extension 39 and lkakeng 
0. 86 0.02 

Low-income 3.68 0.62 

Energy Saving 
Pretoria, Auckland, Revicra and Potch High inco1re 3.50 0.68 

0.85 0.02 
Soshan,_oUve Soweto Extension 39 and lkakeng Low-income 3.48 0.75 

Table 3 .15 contains the results of the independent t-test when considering the low-income and 

high-income groups of all the cities simultaneously. Results reflect that medium and tending 

towards large d ifferences exist between the two groups ' means for the factors supply service 

quality (0.62) and the supply sufficiency (0.75) respectively. This might be explained by the 

fact that there are noticeable differences between low-income and high-income groups 

regarding supply sufficiency and service qual ity. Supply sufficiency reflect that high-income 

groups opinion tended towards neutral and low-income disagreed that electricity supply is 

sufficient (high-income, M = 2.83, SD= 0.78 and low-income, M = 2.24, SD= 0.68). Service 

quality with (high- income, M = 3.34, SD= 0.64 and low-income, M = 3.74, SD = 0.64) reflect 

that high-income quotas' opinion was tending towards neutral and low-income disagreed that 

service quality is at the level of the required standards. 
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Table 3.16 Description of T-test between groups 

Factors Gro ups Income class Mean Standartl Lcvcnc's p Effect Mann Whitney Mann Whitney 
deviation va lues size o v~lucs effects i:re 

Supply sufliciency Auckland High-income 3.03 0.85 
<0.00 1 1.01 ~n .. -•n 1 nw-income 217 0 76 

Servce quality 
Auckland High-income 3.18 0.68 

Soweto Low-income 3.99 0.64 
<0.001 1.18 

Health risk 
Auckland High-income 3.54 1.13 

Soweto Low-income 3.87 0.84 
0. 11 0.29 

Cost reliability 
Auckland High-income 3.49 0.85 

Soweto Low-income 
0.84 0.04 

3.46 0.70 

Energy saving 
Auckland High-income 3.37 0.94 

Soweto Low-income 3.22 0.82 
0.38 0.17 

Supply sufficiency 
Pretoria North High-income 2.67 0.51 

Soshanm,ve Low-income 
0.003 0.51 

2.27 0.77 

Servce quality 
Pretoria North High-income 3.67 0.51 

Soshanguve Low-income 3.68 0.50 
0.98 0.00 

Pretoria North High-income 4.43 1.04 
Heahh risk 0. 12 0.28 

Soshani_'Uve Low-income 4. 14 0.82 

Pretoria North Hi!!h-incomc 3.89 0.6 
Cost reliability 0.57 0.11 

Soshanguve Low-trlcome 3.83 0.55 

Preto ria North High- income 3.75 0.55 
Energy saving 0.26 0.42 

Soshaniruve Low-income 3.47 0.65 

Sup ply sufficiency 
Potch town High-income 3. 13 0.73 

<0.001 1.86 <0.001 0.73 
lkakeng Low-income 1.75 0.46 

Servce quality 
Potch town Hi!!h-income 2.97 0.40 

lkakeng Low-income 0.65 
0.01 1.29 <0.001 0.58 

3.82 

Health risk 
Potch town High-income 4.42 0.51 

0.86 0.04 0.41 
lkakeng Low-income 3.81 0.7 

0.02 

Cost reliability 
Potch town High-income 3.58 0.49 

lkakeng Low-income 0.60 
0.17 0.53 0.25 0.23 

3.26 

Potch town High-income 3.37 0.43 
Energy saving 0.06 0.61 0.05 0.4 

lkakeng Low-income 2.85 0.85 

Supply sufficiency 
Reviera High-income 2.7 0.90 

&1ension 39 Low-income 
0.02 0.36 

2.37 0.45 

Servce quality 
Reviera Hi!!h-income 3.27 0.64 

&1ension 39 
0.05 0.39 

Low-income 3.54 0.68 

Health risk 
Reviera High-income 4.31 0.69 

0.4 0.17 
Extension 39 Low-income 4.20 0.68 

Cost reliability 
Revicra High-income 3.73 0.53 

0.33 0. 19 
Extension 39 Low-income 3.84 0.54 
Reviera High-income 3.40 0.50 

Energy saving <0.001 0.82 
Extension 39 Low-income 3.86 0.55 

Table 3. I 6 presents the independent T-test for low-income and high-income groups per city. 

Results reflect some practically significant di fference in the opinions between the di fferent 

groups of sampled cities. Auckland Park and Soweto reflect large differences in supply 

sufficiency ( 1.01) and service quality ( 1.1 8). Households from Auckland tend towards neutral 

that supply is suffic ient while households from Soweto tend to disagree (Auckland, M = 3.03, 

SD = 0.85 and Soweto, M = 2.17, SD = 0.76) . For service quality, households from Auckland 

tend towards neutral, and those from Soweto tend to agree (Auckland, M = 3 .18, SD = 0.68 

and Soweto, M = 3.99, SD= 0.64). Pretoria orth and Soshanguve reflect differences tending 

towards medium in supply sufficiency (0.51) and energy sav ing (0.42). Households from 

Pretoria North tend towards neutral on supply suffic iency while households in Soshanguve 
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disagree (Pretoria orth, M = 2.67 , SD = 0.51 and Soshanguve M =2.27, SD = 0.77). 

Households from Pretoria North tend towards agree on energy saving whi le households from 

Soshanguve tend towards neutral (Pretoria North, M = 3.75, SD = 0.55 and Soshanguve M = 

3.47, SD= 0.65). Potch and Ikakeng reflect differences in supply sufficiency (1.86) , service 

quality (1.29), health risk (0.86), cost reliability (0.53) and energy saving activities (0.61), 

while Rev iera and Extension 39 reflect differences tending towards large for energy saving 

(0.82) (Reviera, M = 3.40, SD = 0.50 and Extension 39, M = 3.86, SD = 0.55). 

The Mann Whitney T-test was also performed on Potchefstroom town and Ikakeng. achar 

(2008) says that the Mann-Whitney test answers questions about the irregularity from small 

data acquired from limited numbers of participants and also val idates the reliability of the 

independent test outcomes for such data. Just 15 and nine questionnaires were acquired from 

Potchefstroom town and Ikakeng respectively, giving a total of 24 questionnaires out of 100 

distributed questionnaires. The Mann Whitney requires an effect size >0.1, 0.3 and 0.5 to 

indicate small, medium or large differences. Mann Whitney test reflects large effect sizes for 

supply sufficiency (0.73) and service quality (0.58) . Households from Potchefstroom town tend 

towards neutral that supply is sufficient while households from Ikakeng tend towards strongly 

disagree (Potch, M = 3.13, SD = 0.73 and Ikakeng, M = 1.75, SD= 0.46). Households from 

Potchefstroom are tending to neutral on service quality while households from Ikakeng tend 

towards agree (Potch, M = 2.97 , SD = 0.40 and Ikakeng, M = 3. 82, SD =0.65). In general , 

factors also reflect noticeable small and medium effect sizes in some cases. This implies that 

the low-income and high-income households reflect s ignificant differences in opinions towards 

their feelings on the provided factors. 
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Table 3.17 T-test comparisons for gender, income status and meter type 

Factors E l e m e nts Mea n S t a nd a rd Leven e 's Effect 
dev ia t io n P va lu es size 

Gend e r 
Supply sufficiency I Male 2.56 0.78 

0.61 0 .06 
2 Female 2.52 0.79 

Service quality I Male 3.48 0 .67 
0 . 13 0 . 17 

2 Female 3 .59 0 .66 
Health risk l Male 4 .03 0 .95 

0.24 0 . 12 
2 Fema le 4.15 0 .87 

Cost reliability 1 Male 3 .67 0 .63 
0 .66 0 .0 5 

2 Female 3.7 0 .6 7 
Energy saving 1 Male 3 .42 0.71 

0 .07 0. 2 
activities 2 Female 3 .5 6 0.71 

Income 
Supply sufficiency 1 Primary earner 2 .54 0 . 8 0 .66 0 .06 

2 Not Prin1ary earner 2 .5 8 0 .7 5 

Service quality 1 Prin1a1y earne,· 3 .5 5 0.68 0 .6 2 0 .06 
2 Not Primary earner 3 .5 0 .63 

Health risk 1 Primary earne1· 4 .04 0 .92 0 . 1 I 0 .2 1 
2 Not Prima1y earner 4.24 0 .86 

Cost reliability 1 Prima1y earne1· 3 .6 7 0 .63 0 .3 9 0 . 1 l 
2 Not Primaiy earner 3 .74 0.7 

E nergy saving 1 Prima1y earner 3.46 0 .74 0 . 12 0 . 19 
activities 2 Not Pri1na1y earne ,· 3 .61 0 .6 

Met e r ty p e 
Supply sufficiency I Prepaid meter 2 .47 0 .7 6 

0 .009 
0 .3 

2 Conven tion al n1eter 2 .72 0 .83 
Service quality 1 Prepaid meter 3 .59 0 .6 2 0 .01 0 .2 8 

2 Conventional meter 3 .3 8 0 . 7 5 
Health risk 1 Prepaid meter 4 .09 0 .86 0 .96 0 .01 

2 Conventional ,neter 4 .08 1.03 
Cost re liabi l ity 1 Prepaid meter 3 .7 2 0.62 0 .25 0.1 3 

2 Conven tional n1eter 3 .6 2 0 .72 

Energy saving l Prepaid meter 3 .51 0 .6 7 0.44 0 .08 
activities 2 Conventional n1eter 3 .44 0 .82 

The results in table 3.17 present opinions of participants based on gender, income status and 

the installed meter type in their houses . The results reflect that there are only small or practical 

insignificant differences in the different groups' opinions. 

3.4.1.4 ANOVA 

Analysis of Variance (ANOV A) tests were also performed to test for any differences in the 

opinions according to academic status and household size. According to Karp (20 I 0:24), the 

ANOV A test compares the mean scores of more than two groups. An effect size of >0.2, >0.5 

and >0.8 reflect small, medium and large differences respectively. The aim was to determine 

if the academic status and the household size affect participants' fee lings towards the tested 

factors. The p-values are reported for completeness sake but are not interpreted since a non­

probability sample method was used and not random sam pling. 
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Table 3.18 Effect sizes for the OVA tests for qualification and household size 

Factors Level of qualification Mean Stan d ard ANOVA Welch Effect size 
dev iatio n Grade 12 & below Dipl o m a Degree 

with .. . with .. w ith ... 

I Grade 12 & below 2 .34 0.6 1 

. 2 Diplo m a 2. 38 0 .79 
<0.00 1 

0.05 
Supply su ffici ency 

3 Degree 2 .63 0.84 
<0 .001 

0 .34 0 .29 
4 Post graduate 2 .93 0.81 0.73 0 .68 0.36 

I Grade 12 & below 3 .69 0 .59 

Service qua! ity 
2 Diploma 3 .59 0 .63 

0 .004 0 .003 
0 . 15 

3 Degree 3.45 0.73 0.32 0 . 19 
4 Post graduate 3.33 0 .67 0.54 0 .39 0.17 

I Grade 12 & below 4 . 1 0.87 

Health risk 
2 Dioloma 4 . 13 0.84 0 .03 
3 Degree 4 .06 1.03 

0 .92 0 .91 
0.04 0 .07 

4 Post graduate 4 .02 0.89 0 .09 0 . 12 0 .04 

I Grade 12 & below 3 .77 0 .59 

Cost reliability 
2 Diploma 3.81 0.6 

0 .02 0 .03 
0 .06 

3 Degree 3 .64 0 .68 0 .2 0 .25 
4 Post r.rraduate 3.49 0 .7 1 0.4 0.45 0 .21 
I Grade 12 & below 3 .66 0 .69 
2 D iplo ma 3.6 0 .77 

0 .006 0 .006 
0.08 

3 Degree 3.36 0 .7 0 .42 0 .31 
Energy saving 

4 Post graduate 3.35 0 .66 0.44 0 .32 0 .01 
Housho ld size Mean Sta ndard ANOVA We lch househo ld memb e rs 1 household members 4 

deviation 3 with ... 6 with ... 
I I to 3 members 2.49 0.76 

Supply sufficiency 2 4 to 6 mem hers 2.63 0 .83 0 . 19 0 . 17 0.17 
3 7+ members 2.43 0 .64 0 .08 0 .25 
I I to 3 members 3.58 0 .66 

Service qua] ity 2 4 to 6 members 3.48 0 .67 0 .39 0.40 0 . 15 
3 7+ members 3 .57 0 .67 0.02 0. 13 
I I to 3 mem bers 4 . 1 0 .93 

Health r isk 2 4 to 6 members 4 .07 0 .86 0 .97 0 .97 0.03 
3 7+ members 4 .08 1.08 0 .01 0. 01 
I I to 3 members 3.7 9 0.59 

Cost re liability 2 4 to 6 members 3.57 0.7 1 0 .01 0.0 1 0.31 
3 7+ members 3 .8 0 .5 1 0 .0 1 0 .32 
I I to 3 members 3.55 0 .63 

Energy saving 2 4 to 6 members 3.38 0 .76 0 .25 0 .03 0.23 
3 7+ members 3.7 0 .73 0.21 0.42 

Table 3 .1 8 reflects results of A OVA, including the effect sizes for qualification and 

household size. For qualification, results reflect that op inions differ for postgraduates and grade 

12 and below, tending towards large (0.73) and postgraduates and diploma tending towards 

large (0.68) for supply sufficiency (postgraduate, M = 2.93 , SD = 0.81 and grade 12 & below, 

M = 2.34, SD = 0.61 and diplomas, M = 2.38 , SD = 0.79). Postgraduates tend towards neutral 

for supply sufficiency while grade 12 and below tend towards disagree. This might be 

explained by the fact that postgraduates are skilled in acquiring jobs that sustain their domestic 

needs as opposed to grade 12 and below or diplomas who are normally not skilled with the 

minimum requirements for most high-income jobs to acquire suffic ient electricity. 

Postgraduates and grade 12 and below reflect a medium effect size (0 .54) for service quality. 

Postgraduate tend towards agree, whi le grade 12 and below are tending to neutral 

(postgraduates, M = 3.33 , SD = 0.67 and grade 12 & below, M = 3.69, SD = 0.59). 
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3.4.1.5 Correlation 

Harmon (2011 :33) states the Spearman 's rank correlation is a nonparametric statistic which 

measures the strength of an association between two variables. Hauke and Kossowski (2011) 

say that the Spearman coefficient assesses how the relationship between two variables can be 

best described. The Spearman rank coefficient also indicates if a practical significant relation 

exists between variables. A coefficient >0.1, >0.3 and >0.5 represents a small, medium and 

large relationship respectively . The Spearman's rank correlations were calculated between 

households' monthly electricity spending and monthly income as well as between monthly 

spending, monthly income and the diffe rent factors. 

Table 3.19 Correlation estimation between household size, spending, and income 

H ouseh o ld size Spendin g I n.come 

I-I:ou.sehold size 0.15 0. 1 
Spending 0 . 15 0 .4-7 

Income 0.1 0.4-7 

Table 3.19 presents correlations coefficient for househo ld size, spending and income. Results 

reflect that spending on electricity has a large association with monthly income indicated (r = 

0.47). 

Table 3.20 Correlation estimation between monthly electricity spending and monthly 

income over factors 

Factors lVlonthly s p e nding on lVlo n t hly income 
e l ectri c itv 

Supply Sufficiency 0 .26 0 .30 

Service quality -0.25 - 0. 21 

Health risk 0.13 0 . 00 

Cost reliability 0.01 - 0 . 15 

Energy saving activities -0.6 - 0 .22 

Results reflect medium pos itive correlations for both monthly spending (r = 0.26) and income 

(r = 0.30) with supply suffic iency . Thus the more respondents spend and earn the more likely 

they are to agree that electricity supply is sufficient. A negative correlation, tending towards 

medium, was found to exist between service qual ity and monthly spending on electricity. This 

indicates that the more the respondent' s expenditure, the more likely they are to disagree with 

the negative statements made regarding service quality . 
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3.4.1.6 Measuring the usage of energy- intensive appliances and alternative sources of energy 

This section presents participants' responses to the usage of energy-intensive appl iances and 

alternative sources of energy. The results reflect the percentages of participants who selected 

the (yes) option fo r each appl iance at each of the questions. 

Table 3.21 Descriptive statistics on the usage of domestic energy-intensive appliances 

I 2 3 4 5 6 7 8 9 10 

Indicate which of the following appliances .... Fridge Geyser Cooki11 Air- Pool Space Iron Kettle Washing Nflcro 

g stove co11ditio11er pump heater (c/oll1i11g machine wave 

I.are being used in your househohl? 96% 73.40% 95.40% 31.30% 16.10% 41.80% 93.80% 95% 78% 86.70% 

2.usage has been reduced due lo e~clricity cos! 
18.90% 48.60% 26.60% 21JO% 16.70% 30.70% 14.60% 14.60% 17.30% 14.60% 

and supply? 

3. do you demand all da f 85. !0% 29.10% 27.20% 8.40% 4.30% 5% 15.80% 22.30% 11.50% 20.!0% 

4.used in your oousehold are oMer lhan 5 years? 78.60% 57% 63.50% 17% 14.20% 27.90% 58.80% 63.50% 53.30% 59.!0% 

5. can you funcfon wrthout? 16.40% 22.60% 23 .20% 31.90% 29.40% 36.50% 23.20% 27.90% 29.70% 31.30% 

6. are being used during warmer summer 
86.40% 48.30% 60. !0% 25.40% 

months? 
13.60% 9.30% 47.40% 47. !0% 41.50% 44.30% 

7. are bemg IBed dlriig co~er winter mJnlffi? 74.60% 62.50% 66.90% 9% 5.30% 41.50% 50.20% 59.80% 55.10% 57.60% 

Table 3 .21 presents resu lts on the usage behaviour of selected energy- intensive domestic 

app liances that are commonly used in households. The selection process fo llowed 

specifications in accordance to the SANS 941. From the results , there is a high usage rate from 

most of these energy- intensive appliances . Appliances that are not in high usage are luxury 

categories such as pool pumps and air-condition ing devices . However, low daily usage rates 

cannot guarantee effective effic iency as a large proportion of the partic ipants also stated that 

the uti lisation of these appliances has not been reduced in general. In most cases, respondents 

said "yes" on owning these appliances (statement 1 ). A large proportion of participants uti lise 

appliances that are older than five years (statem ent 4). Pool pumps, air-conditioning and space 

heaters recorded the lowest outcomes of 17%, 14. 1 % and 27 .9% respectively for the age of the 

appl iances utili sed more than fi ve years old . The rate at which seasonal changes impact on an 

appliance usage rate was also assessed (statements 6 and 7). The summer and winter months 

were the considered seasons. Results reflect that fr idges, cooking stoves and geysers have a 

high usage rate in winter as well as during summer months . In general, resu lts reflect that 

fr idges, cooking stoves and geysers have a high usage rate and thus, offic ials shou ld focus on 

stabilising efficiency on such appliances wh ich also have a high energy consumption rate. 
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Table 3.22 Description of percentages on the usage of other sources of energy 

Indicate the main source of 1 2 3 4 5 6 7 

encrn fo r the followine activities Electricitv Paraffi Gas Solar Generator Wood Coal 
I Lighting 95% 3.10% 1.20% 1.90% 6% 9% I.SO% 

2 Cooking 82.70% 9% 26% 6% 6% 14.60% 5% 

3 Heating 75.20% 5% 17.30% 3.40% 1.20% 14.90% 8.40% 

The table 3.22 presents results to the usage of energy mix sources for household consumption. 

These results reflect that 75.2 % and above of the participants utilise most ly electrical energy 

for household activities (lighting, cooking and heating). Because a majority of the participants 

utilise electrical energy, other sources are marginally utilised. Other notab le sources are gas 

and wood usage for cooking (26 % and 14.6%) respective ly and gas, wood and coal for heating 

(17.3 %, 14.9% and 8.4%) respectively. 

3.5 Conclusion 

This paper assessed the electr icity supply inconsistency in the South African domestic sector. 

Supply sufficiency, service quality, health risk and cost reliability were considered to assess 

the effects of electricity inconsistency on the domestic sector. The study also cond ucted 

empirical research on the consumption behaviours by evaluating statements on energy saving 

activities and usage rate of energy- intensive domestic appliances. The emp irical research also 

assessed the use of alternative sources of energy by the domestic sector. The following section 

presents a conclusion from each objective of this paper. 

3.5.1 Electricity supply and inconsistency on the South African domestic sector 

Gotz et al. (2016:2) note that South Africa is currently affected by severe bottlenecks in the 

supply of electricity resulting from weaknesses in the electricity grid . The empirical research 

sampled five factors (supply sufficiency, service quality, health risk, cost reliability and energy 

saving) to determine participants' opinions on the aforementioned factors regarding the grid 

supply. In general, empirical research supports that electricity supply consistency and access is 

inadequate. For supply sufficiency, opinions were essentially that supply is insufficient (M = 

2.54, SD = 0.79). Opinions reflect the population sti ll experiences load shedding and constant 

interruptions of supply. Load shedding remains a necessary option for Eskom to regulate 

demand and supply. Matona (2015 :9) gives an account that load shedd ing in South Africa has 

increased rapid ly from 4.3 percent in 2008 to 14.8 percent by 2015 incurring constraints on 

residential consumers. Marquard et al. (2008) point out that the main impediment to low 

domestic electrification is the drop in living standards. The FBE aimed at improving the lives 
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of low-income groups is ineffective, with most participants noting that they are not aware of 

the FBE. Makonese et al. (2012:2-12) says the FBE programme is not sustainable and is 

currently in a state of total disorder due to poor implementation. 

Service quality was rated towards neutral (M = 3.53, SD= 0.67). However, "statement I" of 

service quality, stating that electricity supply meets household demands showed cumulative 

disagreement (M = 2.48, SD= 0.94). Opinions reflect that unannounced load shedding has led 

to damage of house appliances and domestic comfort has been negatively affected due to 

inadequate available electricity. Participants also agreed that alternative energy sources of 

energy are strongly associated with environmental and health risk (M = 4.09, SD = 0.91 ). 

Balmer (2007) states that the domestic sector contributes 65% to local air pollution from other 

sources of energy in South Africa. Adam (20 I 0:9) highlights that approximately 80, 000 

children suffer from the domestic usage of unclean energy sources every year. Adam (20 I 0:7) 

has stated that socio-economic growth and development can only be attained if there is safe, 

clean, convenient and cheap energy for citizens. 

Opinions for cost reliability tend towards agreeing that electricity cost is unacceptable (M = 

3.69, SD = 0.65). Participants noted that the increase in electricity prices is not in tandem with 

disposable income, threatening their current and future purchasing abilities. Winkler 

(2006a:23) high lights that quality and affordable electr icity supply is still a major difficulty to 

a large proportion of the South African popu lation. There was a significant difference between 

the high-income and low-income groups on electricity supply and service quality. High-income 

groups were largely neutral on electricity supply sufficiency while low-income groups 

disagreed that electricity supply was sufficient. In general, opinions are tending towards neutral 

on service quality . Adam (20 I 0:9) mentions that the poor are still incapable of acquiring 

adequate electricity to impact the quality of their living standard in South Africa. 

There are also significant differences in supply suffic iency and service between quotas of 

sampled cities. A noticeable difference was reflected between Potchefstroom and Ikakeng 

amongst all factors. It was also reflected that significant differences exist between primary and 

non-primary income earners in supply sufficiency and service quality and males and females 

on supply sufficiency and cost reliability. Significant differences in opinion were also reflected 

in household size and qualification level of health risk. 
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3.5.2 Electricity consumption tendencies by domestic consumers 

Electricity consumption was assessed to establish consumers' tendencies. Understanding 

consumer behavioural changes were essential in achiev ing greater energy effic iency (Makgetla, 

2008: 13). In general, participants ' opinions reflect neutrality towards practising energy saving 

activities with (M = 3 .49, SD= 0.71 ). Usage of energy- intens ive appliances reflect that in most 

cases a majority of the participants utilised most the app liances with a large proportion agreeing 

to have used a particular appliance for more than five years. Diederichs et al. (2014:26) have 

pointed out that a typical low-income household in South Africa sti ll primarily utilises old 

appliances that are not energy efficient. 

Results also reflect that consumer' s sti ll heavily uses appliances such as fridges , geysers and 

cooking stoves regardless of seasonal changes. It is important for adm inistrators and suppliers 

to educate the public on the contribution of energy saving gadgets to attain electricity adequacy. 

To develop a reliable solution to a capacity challenge grid, it is only practical in determining 

the consumption tendencies of its consumers. Guthridge, (20 I 0:3) says energy structures with 

systems in place for monitoring consumption tendencies are capable of solving energy 

challenges resulting from consumption tendencies. BigEE report (2013) states that regulating 

the efficiency level of appliances , already on the market was long identified as a potential 

starting point towards efficiency improvement. However, there have been no policy 

amendments to implement the initiative. Gotz et al. (2016) mention that there have been 

consistently fewer quality models of gadgets and appliances on the South African market 

between 20 IO and 2014. Bah and Azam (201 7) agree that the challenge of delivering and 

consuming electricity efficiently still remains a major prob lem in South Africa. 

3.5.3 The usage rate of alternative sources of energy 

Consumer tendencies towards using alternative sources of energy (electricity, paraffin, gas, 

solar, generator, wood and coal) for household activ it ies were also assessed. In most cases, a 

large proportion of the partic ipants noted a significant reliance on electrical energy. Referring 

to the Department of Energy (DOE) (2012:23 ), electricity is the cleanest energy storage for 

households and fo r maintaining a quality living and environmental standards . Electricity 

prevents the usage of unclean energy sources. Despite the large dependence of most of the 

population on electrical energy, at least a third of other sources of energy, are marg inally used . 

Winkler et al. (2011) concur that the use of di fferent energy sources is still a common practice 

in South Africa across all income levels, even after electrification. Results also reflect that 
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alternative energy sources w ith biomass (wood and paraffin) are greatly used . Tait (2017) 

concurs that there is a wide usage of alternative energy sources in South Africa. However, there 

has been little attention in addressing the consequences of trad it ional energy sources to the 

environment. Gevaart-Durkin et al. (2014) report that there is environmental and physical peril 

associated with the usage of al ternative energy sources with biomass . Gevaart-Durkin alludes 

to paraffin stoves, and candles make up over 70 % of fire disasters in South Africa. 

3.6 Final statement 

This article assessed the dynam ics of electricity supply, consumption and efficiency in the 

South African domestic sector. Electricity inconsistency is a global problem that affects all 

economies in the world . It is important that policy prioritise crisis management plans to reduce 

the impact of electricity inconsistency on domestic quality of life. South Africa has 

considerably implemented e lectricity po licy frameworks towards attaining secure electricity 

supply and access among its citizens. Polic ies have been successfu l in most cases. However, 

loopholes still exist. It is important that policy-makers foc us policy objectives towards attaining 

policy specific goals. The supply and access to adequate electrical energy in the domestic sector 

are of primary importance as it contributes positively to social development and economic 

growth. Efficiency is a very im portant programme towards improving electricity savings. 

South Africa has implemented mandatory standards to control efficiency on appliance groups. 

The programme experiences significant loopholes compared to other countries and energy 

policies only recently prioritised on domestic market energy regulations such as required 

standards of domestic appliances for consumers. However, implemented pol icies are struggling 

to initiate and foster a broad market transformation towards the most energy-efficient products. 

It is important that policy-makers prioritise the domestic sector's most consumed energy­

intensive appliances such as refrigerators. Establishing minimum energy standards for 

appliances could successfully persuade valuab le domestic appliances energy savings. The long 

absence of energy saving programmes in South Africa implies that limited energy efficiency 

has been attained over the years. Gotz et al. (20 I 6:9) exposed that the current standard and 

labelling programme is archaic and futile for achieving energy transformations in the domestic 

appliance market. Policies should be revised to harness progress in app liance efficiency. 
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CHAPTER FOUR (ARTICLE 3) 

ELECTRICITY POWER SUPPLY 

GROWTH IN SOUTH AFRICA 

Benedict Belobo Ateba and Johannes Jurgens Prinsloo 

ABSTRACT 

AND INDUSTRIAL 

The industrial sector is the most consuming electricity end user in South Africa. Inconsistencies 

in supply have incurred devastating shocks on the industrial sector in general. The current 

business environment is also characterised by supply uncertainties owing to continuous threats 

to the grid. These challenges have large economic implications on the country 's capacity to 

achieve both its industrial short and long-term goals. Industrial growth decline in South Africa 

is directly associated with decreasing economic development. Economic growth continuously 

drops drastically as industrial performance falls , considering that the industrial sector is the 

main economic contributor to the Gross Domestic Product (GDP) in South Africa. This paper 

seeks to outline the shocks of the low (inconsistent) electricity supply on the South African 

industrial sector. The paper also evaluates the effectiveness of strategies used to mitigate 

disruptions from inconsistent electricity supply. Intensity control programmes were also 

assessed, aiming to point out the importance of efficiency. The empirical research utilised a 

quantitative research design, and a survey approach was used. The study geography was 

focused in the Gauteng and North West provinces of South Africa. A purposive-convenience 

sampling was utilised. However, quota sampling guidelines were considered in targeting 

actual participants. Enterprises across the service, manufacturing and mining industries were 

sampled. Data was acquired using questionnaires with questions designed within the 

parameters of the Likert scale. Results reflected inadequate electricity power supply has an 

impact on industrial growth in South Africa. Results also note that most businesses is challenge 

in instituting mitigation strategies such as Small, Micro, Medium Enterprises (SMME 's) 

across industries. The phenomenon tends to impact electricity intensive and non-electricity­

intensive industries differently. 

Keywords: Electricity supply, low-efficiency, business pe1formance, industrial growth 
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4. INTRODUCTIO 

From the importance of electricity in general, Kenny (2015 : 1) maintains that the commodity is 

one of the most important new technologies of the 21 st century. It changed the world extremely 

and entirely for the better. It is now the stamina of every modem economy. Ahmad and Othman 

(2014) point out that electricity is the most demanded necessity currently in the world , in 

general. The global applications of electrici ty have been advanced rapid ly with industries 

utilising large amounts of electrification for generati ng power to all technologies that are 

needed for production while domestically for the powering of daily electrical appliances . 

Ahmad and Othman (2014) state that, globally, electricity consumption has advanced rapidly 

for industry consumers who utilises large amounts of electricity in heating, lightening and 

generating power to all other technologies that are needed for industrial production. Olufemi 

(2015) says industrial growth is vital since industrialisation is responsib le for manufacturing 

consumer and capital goods which tend to create the necessary social overhead capital that 

would stim ulate the development of other sectors of the economy. Aladejare (2014) mentions 

that an accurate supply of modern electrici ty for the commercial sector now signify high 

economic prominence of a country. 

Doyle (2015: 22) note unreliable power supply that threatens extended per iods with no power 

over the course of several years is characterised with load-shedding occurrences as a 

predictable certainty in the future. Thoughtful enterprises need to implement mitigation 

strategies to deal with it, and they also need to implement successfu l strategies they need to 

understand what are the risks and implications of low electricity supply. 

4.1 Introduction to the problem 

Yon Ketelhodt and Wocke (2008) analysed that constraints are now starting to impact on the 

South African business env ironment prior to the electricity shortages that have brought on 

electricity outages. Attigah and Mayer-Tasch (2013:4) note that quantitative evidence about 

the impact of electricity on economic activ ities hardly exists. Von Ketelhodt and Wocke (2008) 

have executed one of the most extensive studies about the performance of the South African 

commercial industry as a result of the electricity cr isis. They sampled 250 businesses in the 

Western Cape region across 29 different industrial sectors. The empirical outcomes reflect that 

the electricity inconsistency has extensively affected the operations of the South African 

businesses sector in general. Albert (2015:34) agrees that even though the electricity supply 

has been fairly stable in recent months , there is no assurance that Eskom can keep up with the 
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ever-increasing demand for power. This paper seeks to elaborate the importance of an efficient 

electrical energy supply as a major factor for industrial growth in South Africa. A statistical 

overview of the GDP growth from key ind ustrial sectors is reflected on table 4.1 

Table 4.1 Gross domestic product growth fo r key sectors in South Africa 

Economic sectors 2010 2011 2012 2013 2014 2015 2016 2017 

Agriculture, forestry & fishing -0.3 1.3 0.6 1.5 5.6 -8.4 -7.6 3.4 

Mining 5.3 -0.7 -2 .9 4.00 -1.6 3.00 -2.9 0.1 

Manufacturing 5.9 2.9 1.9 0.7 0.00 0.1 -0. l 1.4 

Electricity, gas & water 2.4 1.4 -0. 1 -0.6 0.00 -1.00 -0.5 2.1 

Construction 0.7 0.4 2.1 2.7 2.9 1.9 0.4 1.3 

Wholesale, catering & accommodation 4.4 3.8 3.6 1.9 1.3 1.4 1.00 1.1 

Transport storage & communication 1.7 3.00 2.5 2.00 2.3 1.4 0.5 0.9 

Finance, insurance & business services 1.2 4.1 3.00 3 .00 2.2 2.8 1.9 2.00 

Community, social & personal services 0.4 2.4 2.1 1.8 1.4 1. l 1.00 1.2 

General government 2.7 2.4 3.6 3.1 3.00 0.9 1.1 0.6 

Total GDP growth 2.9 4.5 2.2 2.3 1.6 1.2 0.4 1.2 

This paper's problem identified relates to low electricity supply for the industrial sector - which 

has led to a decline in industrial efficiency impacting on the role of electrical energy as a 

potential driver for meeting up new industrial pressures. This result from domestic and global 

markets tendencies. It also relates to limited mitigation strategies towards low industry 

electricity supply by enterprises . 

4.2 Literature review 

This section will present a brief discussion on the contribution of electrical energy to global 

industrialisation, the connexion between electricity supp ly and industrial performance in South 

Africa and the importance of electricity supply adequacy for industrial competitiveness. 

4.2 .1 The contribution of electrical energy to industrial growth 

Industrial growth or industr ialisation is the deliberate and sustained appl ication and the 

combination of appropriate technology, infrastructure, manager ial expertise, and other 

important resources in the production of output (Olufemi, 2015) . Attigah and Mayer-Tasch 

(2013 :4) state that of all modern energy types, electricity is the most undisputable category that 

is much considered in the strategic objectives of industrial growth. Hedden (2015: 11) states 

that an electricity grid system was designed in the image of the "First Industrial Revolution" , 

with the grid modelled, to enable mass production and to attain economies of scale. 
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Zhang et al. (2017) highlight that electric power was a key contributor during the "Second 

Industrial Revolution" by the last quarter of the 19th century and the beginning of the 20th 

century. The revolution was pioneered by electrical generation, the transformation of the 

chemical industry and the advancement of the internal combustion engine. lt made available 

new technological opportunities for industrialisation in the world. 

Jucker et al. (2008:3) states that industrial and economic growth fo r all developing economies 

is strongly dependent on the supply levels of electrical energy and access to reliable supplies 

of electricity . Electrical energy savings have a direct impact on the bottom line of industrial 

plants and commercial businesses (Jucker et al. , 2008 :5). Isaksson (2009: I) agrees that the 

most direct role of electrical energy is that it serves as the main input to industrial production. 

A world without electricity amounts to non-mechanized production. Unreliable supplies of 

electricity disrupt production, and voltage fluctuations negatively affect the durability of 

machinery. 

As electricity cannot be economically stored on a large scale, it has to be produced at the same 

moment and in the same quantity that is requested and has to be transmitted instantaneously 

from the power generator to the user through transmission lines . Because of these special 

features, the electricity supply system has to be designed for the maximum expected demand 

to be able to sustain industrial activities (Aoki et al., 2009). 

4.2.2 Electricity supply and industrial perfonnance in South Africa 

Asafu-adejaye (2000), investigated the drivers of industrial productivity m Singapore and 

Indonesia and found that there is causativeness between electricity supply and economic 

growth. Asafu-Adjaye state that electricity adequacy is an indispensable component of 

industrial productivity. Nkomo (2006:77) says the relationship between energy supply and 

industrial growth is complex and can be elaborated upon from different angles. The most 

important are the volume effect, which determines different tendencies in the production level 

of economic activities based on the quantity of energy supply. 

Inglesi (2010) points out that, from 2007, Eskom, the national parastatal who is in charge of 

the administration of about 96 percent of South Africa's electricity, experienced a lack of 

capacity in the generation and reticulation of electricity supply for South Africa in general. As 

a result, by the fall of 2008, domestic and industrial electricity users had to suffer from 

blackouts all over the country with damaging effects on the economy. Oxford (2015: 12) states 

that as load-shedding first hit South Africa from April 2008 , businesses have been battling to 
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deal with its impacts. The power supply has been on a short leash as Eskom fights to manage 

an ageing grid, and alongside steadily increasing consumer demand. 

Oxford (2015: 12) points out that Eskom agrees that the challenge of a constrained power 

system and the issues of supply and demand are not likely to end if sufficient capacity to meet 

required demand remains pending. South Africa ' s insufficient and unstable electricity supply 

leading increased input costs and difficult industrial relations are affecting the performance of 

business enterprises and their investment plans (Industrial Development Corporation, 2015 :2) . 

Inglesi and Blignaut (2012) maintain that electricity is an essential input for production in 

South Africa, hence an important factor for the competitiveness of the country's industrial 

performance. Calculating the electricity intensities, South Africa's electricity intensity has 

more than doubled when considered on time series bases. The sectoral analysis also confirms 

that a majority of South African sectors are becoming electricity intensive. To improve its 

industrial competitiveness, South Africa will have to improve its sectoral electricity efficiency 

levels. 

Referring to Von Ketelhodt and Wocke (2008) constraints caused by low energy has an impact 

on the performance of the South African industrial and business sector. A reliable and low 

priced supply of electricity is critical to the success of the business sector in South Africa. 

Altman et al. (2010:9) point out that there is a real concern that, rising electricity prices will 

encourage firms to shut down production or contain expansion with resultant downstream 

impacts on economic growth. Altman et al. (2010:28) highlight that it is now clear that there 

is a likelihood of electricity supply shortages stretching to 2017 for the industrial sector. James 

(2014: 1) affirms that the South African bus iness sector is extremely concerned about the short 

to medium term power crisis. 

4.2.3 Electricity supply adequacy and industrial competitiveness 

aude and Maastricht (2012:20) view the structural transformation of economies from 

traditional to modern economies driven by high-productivity industrial manufacturing 

activities, have been a defining feature of economic development. In this 21 st century industrial 

age, development remains relevant for deve loping co untries try ing to catch up with more 

advanced economies and to provide increasing standards of living for their populations. 

Industrialization is a catalyst that acce lerates the pace of structural transformation and 

diversification of economies, enabling a country to fully utilise its factor endowment for its 

sustenance (Olufemi, 2015). Fedderke (2014:6) notes that the main setback to the struggling 
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South African economy is linked to the declining industrial sector, resulting mainly from 

shortages of electrical energy. Carew (2015 : 16) points out that the economic impact of load­

shedding in 2015 alone was equivalent to the loss of an entire industry. 

Referring to Makgetla (2008: 12) the electr icity shortfall has incurred devastating consequences 

on the industrial sector in South Africa. Kumo et al. (2016:4) state that severe electricity 

inefficiency which precipitated frequent load-shedding, lead to low business confidence. 

Kenny (2015 :7) notes in January 2008, during a period of heavy rain, a large number of the big 

coal stations failed, plunging much of the country into blackouts and shutting down all the gold 

mines . Mines have to close down, chemicals and food processing lose if blackouts are 

scheduled, coal chain seriously disrupted, farmers lose crops, small manufacturing retail and 

restaurants which are important for em ployment are seriously damaged (Andrew, 20 I 5 :7). 

According to Jackson (2015 :28), being ab le to guarantee business operat ions under the current 

environment of unreliable electricity supply doesn ' t stop at installing generators, it demands 

the ability of electricity administrators to keep on the lights even when the power is off. Most 

needed skills to guarantee such security is a major challenge for Eskom. Burrows (2015 : 14) 

views that the dynamics towards low power is very complex to the extent that there is no point 

for some business sectors to even mitigate electricity shortage to be up and running, while 

clients cannot buy services s ince power shortages from their s ide will avert purchase. 

Alternatively, mitigation strategies are very expensive, adding to the operational cost. Mannak 

(2015:3) highlights that Shoprite, South Africa ' s largest supermarket chain, report an R168 

million spend to run diesel generators for just 2014 December alone. 

4.2.3.1 Economic implications 

Bah and Azam (20 17) mention that there is a sign ificant relationship between electricity and 

economic growth in South Africa. The IDC (2015: 8) and Hedden (2015:7) concur that the 

economy is seriously constrained with the impact of insufficient and unre liable electricity 

supply. Stat SA (2015 :2) po ints out that the low electr icity supp ly immense ly affected the 

production chain, causing a sharp contraction in major industries such as mining, 

manufacturing and service industries, lowering the economic growth. Tesfachew et al. (2015 :2) 

note that the service sector is not only a key player in economic deve lopment but also on social 

development. Kumo et al. (2016:2) agree that economic growth decline by 1.5 percent in 2014 

to 1.3 percent in 2015, while growth is fo recast to further weaken by 0.7 percent in 2016 as 

low-efficient electricity and business confidence continue to restra in the growth of economic 

activity. The South African Reserve Bank (SARB) (20 16: 1) points out that economic growth 
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has decelerated markedly since 2011. During 2015, forecasts suggest growth will be less than 

1 % during 2016. It is the most sluggish pace of expansion since the Great Recession and such 

only experienced last during the emerging-market crisis of 1998. 

SARB (2016: I) highlights this disappointing growth outcome has been mostly traceable to 

shocks from the electricity crisis. Consumer and business confidence reached a 24 year-low in 

historical perspective by the first quarter of 20 I 6. Laubscher (2008: 14) says dealing with 

electricity-related shocks cannot be the sole responsibility of the monetary authority. For the 

good of the economy all individuals, entities and the public sector need to play a role . Van der 

Nest (2015: I) states that the effect of low electricity supply has caused a decline in industrial 

performance, which is greatly felt in the South African economy. Makgetla (2008: 10) says a 

major concern of the electricity crisis was experienced within the export industries , especially 

the mining sector. The mining value comprises close to 60 percent of all South African exports. 

Van der est (2015: 1) agrees that South Africa relies strongly on the exports of some of its 

industrial commodities which most are energy intensive, such as precious metals to finance its 

current account deficit. Disruptions from load shedding have negatively impacted on 

production and consequently economic growth. 

Several rating agencies have also downgraded the country ' s credit rating, which has had a 

negative impact on the outlook of the country as an investment destination. Green (2017 : 1) 

reports that rating agencies, Fitch, Standard & Poor (S&P) downgraded South Africa to junk 

status for the first quarter of 2017 . Green alludes the rating agencies perceive the South African 

economic environment as characterised with uncertainties affecting creditworthiness and the 

willingness of investors to consider South Africa as an investment destination. Brown and Van 

Rensburg (2016:1) highlight that Moody's existing ratings are just two marks above junk 

status. Should there be any more downgrades, the rand might move to a historic low. 

Bloomberg (2017 :20) states that J.P. Morgan has already announced that it will be removing 

South Africa from its investment grade emerging market bond indexes following the 

downgrades . Oxford (20 I 5: 12) says electricity administrators' failure to recognise the growing 

threat about electricity adequacy has cost the country bi llions of Rands and it is yet to incur the 

country ' s economy the harshest financial loss should there be any occurrence of blackouts 

ahead. 

Van der est (2015 :1) says Chris Yelland, a South African energy expert, gave a press release 

on the estimated cost of blackouts on the South Africa economy. Yelland points out that tage 

I load shedding resulting in 10 hours of blackouts per day for 20 days a month results in losses 
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ofR20 bi ll ion per month. Using the same parameters, Stage 2 load shedding costs the economy 

R40 billion per month and Stage 3 was estimated to have cost R80 billion per month. Mike 

Schussler presented a d ifferent view on an interview by Biz4Afrika in August 2015 , 

highlighting that load shedding on industries cost the economy Rl 5 to 20 million for every five 

hours of lights out. This s low industrial growth is also fe lt in the uti li ty industry as reflected in 

figure 4.1. 

oi' .: 5~ . ~ 5~ 
0 •61,1, & 3 

i, :J.19.1 

Figure 4.1 South African GDP from utilities from 2014 to 201 7 
Trading economic (2017) 

:. ..:. .:• 

Figure 4.1 reflects that GDP from utilities has been on a constant decrease since the first quarter 

of 2014. 

4.3 Methodology 

According to Prasad (2015) , research methodology is the preferred research procedures utilised 

in achieving the research goals. It involves methods and techniques for an empirical research 

and holds the most important role in knowledge development to an empirical investigation. 

The research design used in th is paper was the quantitative research design. Kumar (2011 :74) 

points out that a research design is important as it set the procedures to be applied by a 

researcher in answering postulated empirical research questions accurately. Pandey and Pandey 

(2015: 18) concur that the research design is the developed map out a plan to guide an empirical 

research study. Punch (2009:112) highlights that the research design situates the researcher in 

the empirical world and connect the research questions to data. Creswell (2013:3) states that 

quantitative research design achieves research objectives by investigating the association 

between variables. Variables are measured, with the aid of instruments with numbered data, to 

conduct analyses using statistical procedures. 
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4.3.1 Population and sampling 

Prasad (2015) points out that in social science research, a population is a unit of which a sample 

is to be developed, with consideration of the characteristics of the population. Mason 

(2014:140) identifies sampling to be selected respondents from the larger population under 

survey. The empirical research in this paper is based on the industrial sectors of the Gauteng 

and North West provinces. However, the Gauteng and the North West province was the 

considered geography for participating entities. Conducting empirical research in Gauteng was 

based on the provincial economic strength and its role as the stamina of the South African 

economy, contributing 33.8 % to the national GDP. Gauteng is currently rated as the economic 

hub in South Africa. The North West province was selected since it was necessary to also target 

a provincial location with a s low-paced economic growth. This made it possible to determine 

the impact of supply inadequacy on ent ities' operating in a more economically viable 

environment as compared to a less viable economic environment. The North West economy is 

among the lowest contributors to the economic growth with a GDP of just 6.8 %. The empirical 

research focused on specific sampled geographies from each of the selected provinces. In the 

North West province, Mafikeng, Rustenburg, Lichtenburg and Klerksdorp were targeted, while 

Pretoria and Johannesburg were target cities for the Gauteng province. 

The industrial empirical research was focused towards industrial growth and competitiveness . 

The empirical research mainly considered the industrial sectors that are the nucleus towards 

industrial development in South Africa. The target industries include the mining, 

manufacturing and commercial organisations . Industrial development corporation (IDC) 

(2013 :6-7) assessed the economic trends from 1994 and outlined that the services, 

manufacturing and mining sectors have been the spine of the South African economy. The 

services dominate the tertiary industry through financia ls , wholesale, retailing and motor trade. 

The secondary industry is dominated by manufacturing through construction. In the primary 

industry, mining has been a significant growth contributor compared to agriculture, fishing and 

forestry . 

The non-probability sampling method, purposive-convenience sampling was used in targeting 

participating industries. Patton (2015 :264) says purposive sampling involves the targeting of 

participants with the relevant knowledge to the subject under inquiry to acquire reliable data. 

This approach was emp loyed to target industrial categories with the significant industrial trend 

to the South African industrial growth and employees with reliable information on the 

operationalisation of organisations . Etikan et al. (2016) refer to convenience sampling as a non-
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probability sampling, in which information from the target population is based on elements 

such as a participant accessibility, willingness to participate and availability to the researcher. 

Through convenience sampling, an adequate participatory size was obtained. However, the 

quota sampling guidelines were utilised to enable a proportionate representation of each target 

group . This made it possible for the empirical research to discover the heterogeneity among 

the different enterprise categories within an industry. 

Yang and Ahmad (2014) say targeting participants by the quota sampling guidelines ensure 

sufficient representation of target sub-groups in the population and enables the possibility to 

identify heterogeneous characteristics on each group about the identified agenda of the 

empirical research. The sampled enterprise categories per industry includes Services 

(Financials and cold-chain supermarkets), Manufacturing (construction and chemicals) and 

Mining (Minerals and mine purification). 

Sampling for the industrial sector empirical research was estimated from available (secondary) 

data sources from the chamber of commerce's based on sampled provincial geographies . The 

National Bureau for Economic Research outlined that the focused geographies have an estimate 

of 60,000 fonnal entities from the sampled sectors. Thus, sampling was generated based on 

indications from an appropriate Systems of National Accounts (SNA) . McCulla et al. (2015 : 1) 

highlight that these are statistical databases that provide consistent historical time series 

measures of a nation ' s production, income, saving, investment and also comparisons of 

economic activity across a country ' s regions to determine economic developments . It was 

considered acceptable that 100 enterprises should represent each industrial sector. Participants 

per groups were considered to be 50 per industry category summing up to a total sample of 

300. A total of 223 questionnaires were obtained from the fieldwork. It should be noted that 

empirical research only targeted the mining industry in the North West, due to limited mining 

activities in the Gauteng province. Mining in the North West is responsible for over 40% of 

total mining in South Africa. However, over 70% of mining activities in the area is solely 

conducted by three large mining conglomerates (Anglo Gold, Ashanti Gold and Impala Mines) . 

This account for a low representation of the mining industry in the empirical research. 

120 



lndusn·ial sector eru pi.rical research 

I 
~ ortb-YVest 

l\,fafikeng 
Rustenburg 
Lichtenbw-g 
Klerksdmp 

:\I auu f acturi.ng :Mining 
Construction 50 1\/'.unera.l deposits 

Chemicals 50 ?\,fine pw-ifica.r ion 

300 participants 

Figure 4.2 Summary of population and sampling 

4.3.2 Data collection method 
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The data collection employed close-ended questionnaires with defined categories to examining 

the effect of low electrical power supply on the industrial growth in South Africa. The 

Questionnaire was structured under biography and profi le and two main themes with each 

having sub-categories as reflected in Tab le 4.2. 

Table 4.2 Questionnaire structure for industrial sector empirical research 

Indus trial sector e mpirical r esearch 
Sec t ions T h e m es 

Section A Biography and profile 

S upply a d e quacy : importance electrical energy, supply 
Section B sufficiency, operation al vulnerabi lit ies and business 

performance 

Section C 
C ont rol p r o g rammes : mitigation control and intensity 
control 

Items on the questionnaire included nominal, dichotomous and Likert scaled questions. Field­

workers were utilised due to the massiveness of the emp ir ical research study. Selection of field 

workers was based on academic fie ldwork exper ience. Field-workers were strictly 

postgraduate students with a well-experienced background on data collection for social science 

empirical research. Physical discussions were held with field-workers to advise on the data 

collection procedures. Due to the complexity of the empirical investigation, reliability of data 

was very impo1iant. Only filled questionnaires with a business stamp from participating 

enterprises were considered for data analysis. 
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4.4 Data analysis 

The IBM Statistical Package for Social Science statistics version 23 as prescribed by SPSS Inc 

(2016) was used in analysing data. According to SPSS Inc (2016), the SPSS software is an 

advanced and professional application in analysing data. To enable analyses, questions had to 

be coded. The various analytical tests performed in the article is presented in Table 4 .3. 

Table 4.3 Conduct tests for industrial sector data analysis 

Conduct tests for indu stria l sector data analysis (objective 3) 
Test Categories Test typ es 

Means (M) 

D escriptive statistics 
Standard deviations (SD) 
Percentages 
Freq uencies 

Cronbach alpha Reliability test 
Indeoendent test Effect size 

One way test 
ANOVA 
We lch test 

Correlation test Spearman rank coefficients 

Chi-Square Pearson Chi-Sq u are 

Table 4.3 reflects a break-down of all analyses performed in this article . Conducted tests are 

presented in the following sections. 

4.4.1 Presentation and interpretation of descriptive results 

The following section present results and the interpretation of data for all analysed test results 

mentioned on table 4.2. Results are presented in tables containing required tests for every 

individual section. 

4.4.1.1 Descriptive statistics for biography and profile 

This section of data presentation and interpretation wi ll discuss results based on frequencies , 

percentages, means (M) and standard deviation (SD) 

Table 4.4 Description of participants across sampled provinces 

Code Province Frequency Percentage 

1 Gauteng 124 55_60% 

2 North West 99 44-40% 
100% 

Table 4.4 reflects the total participants per sampled provmce. In total, 223 enterprises 

responded to questionnaires . Results reflect that Gauteng province contributes to 55 .6% of the 

total sample. The 011h West province contribute to 44.4% of the sample. 
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Table 4.5 Description of participating enterprise categories per sampled industries 

Code Se c tor I ndustry Frequency Pe rcentage 

1 Supermarkets Services 82 36.80% 
2 Financials Services 41 18.40% 
3 Constructions Manufacturing 53 23 .80% 

4 Chemicals Manufacturing 41 18.80% 

5 Minerals Minin12: 2 0.90% 
6 Mining purification Mining 4 1.80% 

223 100% 

Table 4.5 reflects the outcome from the different sampled enterprise categories per industry. 

The services and manufacturing industries were the most represented industries with a total of 

55 .2% and 42.2% respectively. The mining industry was the least represented with 2.7% in 

total. 
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Table 4.6 Profile description of participants 

Cod e P rofile c a tegory Percentage 

1-----,,----........ -~'-----...... '------'----------1 Mana gers 

t-------ti------------+-----------t p artic ip a nts 
1-----tf----'"'------ --+-------------1 resp ective ly 

Capacity in the organisatio n 
l O wne r 11.70 % 
2 Manager 7 3.40 % 
2 Direc to r 9 .90% 
3 CEO 1 .80% 
4 Sole p ro prie to r 3.20 % 

100 % 

S ummary 

a nd o wne rs w e re the m ain 
with 73.4% and 1 1.7 % 

Gend er 
I Male 6 5.5 0 % 
1----,,------------,-----------t M a le p artic ipants w e re m ost re p resente d 

1-----1.----------+-------------1with a to ta l of 6 5 .5 % 
2 Fema le 34.5 0 % 

100 % 

Highes t qua lifica t ion A m ajority of the p a rticipa nts ha d diplo m a 
1-l---,-G- r_a_d_e_ l_2_a_n_d_ b_e_lo-w---,--- - l-8-_-l-O_'¾_o __ ----1 a nd d egree w ith a total of 3 8% a nd 32. l % 

2 Diplom a 38% resp ectively 

3 D egree 32.1 0 % 
4 P ost G ra duate I 1 .8 0 % 

100% 

t-----,,-------Y_e_a_r_s_ o_f_e_m--.-p_I_o_ym_ e_ n_t ____ ----1 A maj o r ity of the participa nts h ave b een o n 
1-1 __ -+-0_ to_ s _______ __. _ _ _ ..:.3--=8_._2..:.0_'¾...co __ --1 th e ir e m p loyment fro m 0 - 5 years a nd 6 - I 0 
2 6 to 10 29 . 10 % years 
t-------ti------------+-------- -----1 
3 1 I to 15 1 7. 9 0 % 

4 16 to 20 10 .3 0 % 
5 More than 20 4.50% 

100% 

1-----.,--------B_u_s_in_e_ s ..... s --'s_iz_, _e _______ -l Mediwn a nd large businesses w ere 

t-------ti------------+----l_S_._8_0_o/c_o __ ----1 s ignificant partic ipants m ak ing up a tota l of 

1-----11-----------+----l..:.S_ . ..:.8--=0_o/c...co __ ----1 39.2% a nd 29.2% resp ectively. S m a ll a nd 

1 Small 

2 M icro 

3 M e dium 3 9 .2 0 % micro business o nly m a d e up 3 1.6 % 
t-------ti------------+-------------1 
4 Large 2 9 .2 0 % 

100% 

1----,,---_M_ o_n_t h~ly~ e_x~pe_n_d--.it_u_re __ o_n_e_lc_c_t_n_· c_i_ity~----1 M aj o rity of the p artic ipants spend w ithin 
1 RS ,001 - RJ0000 3 8 . 10% RS ,001 - R l0 ,000 and R J 0 ,0 0 1 - Rl S,000 

1-2---t-R- l -O-,O- O_ l ___ R_l_5_,_0_0_0_--t- ---2-8 ___ 7_0_o/c_o __ ----1 o n e le c tr icity. The exp e nditure ranges reflect 

1-----t1-----------+-------------1 p e rce ntages of 3 8 . 1% a nd 28 .7 % 
3 R l 5 ,00 1 - R20,000 1 1. 7 0 % 
t-----t.----------+------- ------1 respective ly 
4 R20,001 - R2 5 ,000 7.20 % 

5 R2 5 ,00 1 - R30,000 5.40 % 

6 M o re tha n R3 0 ,000 9 % 

100% 

1----,,-----C_o_ s _t ~p_e_r_ u_n_it_ o,f_e_l_c_c_t r_i_c_it~y~-------1 1n m ost cases p artic ipa nts no te that their 
1-1 __ -+-o_._8_c_e_n_t _-_o_. l_6_ c_e_n_t _ __. ____ l_6_._l_O_'¾_o __ ----1 expenditure p e r w-ut: of e lectricity is 
2 0 . 17 cent- Rl. 5 0cent 13% RI.Sc e nt - R2 and R3 . lcent to R4 . These 

1-3---t-R- l -.5- c_e_n_t ___ R2 _________ 2_J ___ l _O_'¾_o __ ----1 c o sts p e r wut refle ct p e rcentgaes of2 l . 1 % 

4 R2 . l centto R3 9 % a nd 25 . 1% resp e ctively 

5 R3 . l centto R 4 25 . 10% 

6 More tha n R 4 l 5. 7 0 % 

1 0 0% 

1-----,,------~E=l'-"e'--'c=-=t..:.n=-=·c=-=i..=.L..tv...;m=ec..::t-=c..:.r ____ __ ----1 A m aj o r ity of the 83.4% ut ilises the 
1-l __ -+-P_r_e_.__o .a_id_ m_ e_te_r..:.s ___ -+ ___ ..:l....;;6:..; . .;:;6..:0...c'¾..:o __ ~ conve ntio na l m e te r syste m 
2 Conve nt io na l m e te rs 83.40 % 

100% 
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Table 4.6 reflects the responses of participants ' profile. Owners and managers were the majority 

of participants adding up to a total of 85 . l %. Most participants have been emp loyed O to 5 

years (38 .2%) and 6 to 10 years (29.1 %). Medium sized enterprise ' s representation contributes 

39.2% of the participants. Most enterprises spends between RS 000 to Rl O 000 on monthly 

electricity purchases. Eighty-four point four (84.4%) of the participants utilises the 

conventional metering system as opposed to prepaid meters. 

4.4. 1.2 Description statistics for levels of supply adequacy 

The following section shall present results for supply adequacy section and its sub-elements ; 

electrical energy importance, supply sufficiency, operational vulnerability and business 

performance. 

Table 4.7 Importance of electrical energy 

Statements Scale points Percentage Mean Sta nda rd Conclusions 
deviation 

I. Electrical energy is mainly used I Strongly disagree 0. 10% 45 .7% and 49.8% of the 
as energy source 2 Disagree 2.20% particpants agreed and strongly 

3 Neutral 2.20% 4.43 0.65 agreed that electrical is the 

4 Agree 45 .70% main energy source for business 

5 Strongly agree 49.80% 
operations 

2.Electricity disruptions has a I Strongly disagree 0.40% 37.7% and 52% agreed and 
negative effect on your company's 2 Disagree 2.20% strongly agreed. 7.6% of the 
production levels 3 !Neutral 7.60% 4.39 0.76 partic ipamnts were neutral 

4 Agree 37.70% 
while a total 2.6% gave a 

5 Strongly agree 52% 
disagreed response 

3.Consistency in electricity supply is I Strongly disagree 0.40% 35.9% and 58.7% of the 
necessary for your business growth 2 Disagree 2.20% participants agreed and strongly 

3 Neutral 2.70% 4.50 0.70 agreed that electricity 
4 Al!ree 35.90% consistency is necessary for 
5 Strongly agree 58 .70% business l!rowth 

Table 4.7 presents results for participants' opinions to the importance of electrical energy as an 

energy source for business operations . The majority of the participants gave a positive response 

that electrical energy is the main energy source (M = 4.43, SD = 0.65). Participants agreed that 

electricity disruptions affect their production levels (M = 4.39, SD = 0.76). The majority of the 

participants agreed that consistency in electricity is necessary for business growth (M = 4. 50, 

SD = 0.70). 
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Table 4.8 Supply sufficiency 

Statements Sea le points Percentage Mea n Standard Conclusions 
deviation 

1. Electri:iy supply voh.n1l'!s is suflicient I Strongly disagree 22.40% 44.8% and 22.4% of the pa11icpants 
to nl'!et bIBol'!ss demm:l 2 Dic;agree 44.80% disagreed and strongly disagreed that 

3 Neutral 13.90% 2.37 1.17 electrity supply volumes is suflicient to 

4 Agree 10.80% nl'!etdcn.rnd 

5 Strongly agree 8.10% 

2.Your organisaton ic; optinistic about I Strongly disagree 19.30% 44.4% ard 19 .3 % of tll'! partic~ants 
future consic;tency in electricity supply 2 Dic;agree 44.40% disagreed and strongly disagreed that til'! 

3 Neutral 16.10% 2.43 1.13 are not optinistic on future consistency u 

4 Agree 13.90% supply 

5 Strongly agree 6.30% 
3.Currently in South Africa, bIBinesses I Strongly disagree 8.10% 31.4 % and 23.8% of til'! partic~ants 
are operating in an energy cric;ic; 2 Dic;agree 20.60% agreed and strongly agreed that SoLrt~ 
environnl'!nt 3 Neutral 16.10% 3.42 1.27 Africa bIBiness enVD"Ollnl'!nt ic; 

4 Agree 31.40% characterise by energy crisis 

5 Strongly agree 23.80% 

Table 4.8 reflects results for electricity supp ly sufficiency to industries. The majority of the 

enterprises felt that electricity supply volumes are not sufficient to meet business demand (M 

= 2.37, SD = 1.1 7). Participants tend to disagree regarding being optimistic on future electricity 

consistency (M = 2.43, SD = 1.13). The majority of part icipants tend towards agreeing that 

South Africa are operating in an energy cr is is environment (M= 3.42, SD = 1.27). 
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Table 4.9 Operational vulnerabilities 

Sta t e n, c nts Sc:.•l c poin t s J>c r cc n tugc 

5 St1-o n g l y agr ee 32.70% 

2. Your o r gani zati on h ave 1 Stron g l y disagr ee 3 . 10% 

experienced industrial equiprnent -:, Disa,::.u·ee 8.50% 
drunages due t o i neo n s i s tent t-3"--+N:c....c.ecc.ucct.a,.c.a-=l..c.... _______ .,_ ___ 2_1 ___ 5 _0_% ___ ---l 

e lectricity s uppl y t-4--+-A- _----'i,:,.--e-e'----------.,_----,,s -,o-_.,.7""0""%-,------l 

5 S tro n g l y agr ee 16 .10% 

3. Electricity 
contribured 
workf"orce 
o r g ani sation 

s upply 
towards 
( labour) 

i n
8

cons•·eisdt~••c>ecyd ~--l --o-S_t_.,._o_n_,g~ly~ d_ is_a~,g-re_ e ________ 4_ ._9_0_ % ____ ~ 
... ,, Disacz-ree 16.60% 

in you r t-3"---+N----'e-'c-'n'-r -'-a _l ________ .,_ ___ 1_3_._9_0_% ___ ---l 
4 A~·ee 48 . 00% 

5 St.-ro n g l y agr ee 16.60% 

4 . Pro duction dead I ines have been i-=-l ----l-=S:..n:..:·..::o:..:n..c,B....:.l y"---'d=is:..:a::,,g...:..re=e ___ .,_ ___ 1_._3_0_%_0 ___ ---l 

influenced negat i ve l y b y e l ectri c i ty t--,"--+D:c....c.iscc.a:..:'="'"-=e -=e'---------+----9- ·_-"_0_ % ____ -i 
s uppl y inadequacy t-3"---+N----'e-'c-',t'-,·-'-a-l ________ .,_ __ --,,1_1_._7-,0_%...,• ___ -i 

4 Agree 51 .10% 

5 Strongly agr ee 26.50% 

5 .Electricit:y i n cons istency has a ,_1 _-._S_t_,·_o_,~,g~ly~ d_ is_a~g=' _re_ e ________ 1_ ._s_o_ % ____ ~ 

negari ve effecr on employee t--,"--+D:c....c.is::.acc•=gr-=e -=e'---------+---- 8- -_1_0_ % ____ ➔ 
m o ti vari o n level s i n your t-3"---+N----'e-'c'-'n'-T-'-a -'-l ________ .,_ ___ 1_4_._s _o_% ___ ---l 
o r gan.i sari o n. 4 Agree S2.90% 

t-5--+S-u~--~o'"',-,.,_--,-Jv- a-.1>;- re- e-----+----,-2--,2- .-4""0,.,%-,------l 

6 .a. Productive working 
being reduced due to 
s uppl y inadequacy 

6.b. Productive worki n g 
b e ing r e duced due to 
s uppl y di s rupti ons 

h o l.u·s are 1 Stron g ly Di s agree 2.70% 
elecrri c ity►_,---+-D-is-a-,~g,-~e~e--~~----+----7-_-6_0_% ____ ~ 

3 Neutra l 17 . 90% 

4 AR.r ee SS .20% 

5 S t ro n g ly ag1·ee 16 .60% 

hours a r e l Strong ly disagree 2 .20% 
e lect1·ic i ty ~_,---+-D-is- a-,~g.-~e~e--- -----+----8- .1- 0_ %_0 ___ __ 

3 Neutral 13 . 90% 

5 Stt·on µ,l y agr ee 2S.60% 
7 .E lectricity s u pply inadeq u acy,_1 _-._S_a_--_o_,_,.,__ 1y~d_ is_a~•g~re_ e ________ 1_ . S_O_ % ___ __ 

caused a dec l i n e in your p1·oduct t--,=--+Dc::..:.is::.a=•=g,·-=ec:e;_ ______ -+ ____ 9_ . 9_0_ % ___ ---l 
range (product lines closure e t c . ) t-3:;__+N-'-=ec:ucct:.:.r.cca:.:.l ________ .,_ ___ 1_6_._1_0_% ___ ---l 

4 Ao:i·ee S3.B0 % 

5 S t.ro n n. lv disagree 18.40% 

8.a.Electricit:y s upply i nad e q uacy t--1 ----l-cS:-t.,.•·_o_,_,,.,,~ly~ d_ is_a~, g~,_r e_ e ___ t------:2::-::. 7:-0::-::-%:------1 
ha d a negative influ e nce o n ►2 __ -+-D_i s_ a_,_g,·_e _e _______ -+ ____ 7_ . 2_0_ % ___ _, 

co1TUT1unicati o n t ech.n o logy t-3:;__+N-'-=eC:c'-'•l:.:.r.=accl ________ .,_ ___ 1_3_._s _o_%_. ___ -i 
in-frastructu.re in your organisation 4 Aa:-ree 55% 

t-5-'---+s-'t"'r""o-','-',.,"--lv- d--,-i s- a- .,:,;-, -r e_ e ___ .,_ ___ 2_1 ___ 6_0_% ___ ---l 

8. b .Elecn· icity supp ly i n adeq uacy ,_1 _-._S_t_,·_o_,_,,,__1v~ d_ is_a~.g~,r_e _e ________ 3_ . 6_0_ % ___ __ 

resulted in a loss of data in your t--,=--+D:c....c.is=-a=•=g,·-=ec:e;_ ______ -+ _____ 9_'¾_• ____ ➔ 
o r ga.n..isation 3 Neutr n.1 17 . 60% 

4 A a:-ree SO .S O % 

5 S t1·o n n. l v disagree 19 .40% 

9 . E lectricity s upply inadequacy h as a ,_1 _-._S_t_r_o_,_,=g l y~d_is_a~,g-•_,,·_e _e ________ 3_ . 2_0_ % ___ _, 

n egative effect on investrnen t s F----l,.::D:c....c.i s"-a=•=gr-=ec:e;_ ______ -+ ____ s_ .1_0_ % ___ ---i 
possi bilities in your indus t:ly' t-3:;__+N----'e'-'c'-'":.:."-=acc.l ________ .,_ ___ 1_3_._6...,0...,%,...• ___ -f 

4 An:ree 49 .80% 

5 St1·o n g l y disagree 25 .30 % 

1 0.a..Electricity s upply inadeq uacy,_1_-.,_S_a_· _·o_,_,-gly~ d_ i s_a_,g,~ ··_e _e ________ 2_ . 3_0_ % ___ _, 

h as a negati vel y effect o n financial t--,=--+D:c....c.is"-a=•=g,·-=ec:e"---------+----7_ . 2_0_ % ___ ---i 
n'l.a.rket behavio r in your industry in t-3:;__+N-'-=e'-'u'-'tr'-'--'-al"---------+----1_6_._2_0_%_0 ___ -f 
the s hot""t- term 4 AQ:ree SB .10% 

5 Stro n P. lv disagr ee 16.20% 

l 0 . b .Electrici ty s uppl y in a deq u acy,_1 _ _.>--S_t_,_·o_,_,~g l y~ d_ is_a_ g="- ·_e _e ___ +-___ 2_ .3_0_% ___ ---i 
h as a negative l y effect on financ i al ~2 __ -+-D_i_s _a~,:,;,:,,~·-e_e _______ -+ ____ s_ . 1_0_% ___ ---i 

1narket behavior in yo u1· industry i n t-3:;__+N-'-=e'-'c'-',t"-r-"a'-'l--------¾----- 1_7_._1_0_%_0 ___ -f 

the long-ten"Tl f-4 __ + A-'· . ..__a.r-'e'-'e"----------¾------4-5...,...,% ____ -f 
5 Stron u.lv disap.i-ee 27.50'¾, 

I I . Your co1npany h ave los t di1·ect t--l ----l,_s.,.t.,.·,_·o_,_,~"- lY~d- is_a_,.,_~ ,._e _e ___ t-___ 6=-c.S:-O=-::-%,------i 
investment p oss i bi 1 ities due t o ~2 __ -+-D_ i _s _a-g,,·_e_e _______ -+ ____ 9_ .9_0_ % ___ ---i 
e leca·i cit:y uncert:ainties 3 Neuu·al 16.70 % 

4 Agree 4S . 90% 

5 S t:ronn. lv agree 20.70% 

1 2. E lectricity cost has a sign i fie an t l-1----l,-S_ t_·.-_o_,_,.=g _ly"--d- i s_a_ gcc....r_e _e ___ ¾--___ 3_ . G_o_% ___ ---i 

:~ge~is:t~o:ro tit 1na.r g i ns in your t--,"--+Dcc...cicc.s =a=g,··-=e'-'e;_ ______ -+----6- · 3_o_ % ___ ---i 
3 Neut1·a l 1 7 .60% 

4 AR.ree SO% 

5 S t1·o n g ly ag1·ee 22 . SOo/o 

l 3. Electric ity price i nc1·eases a r e .,_1 __ +-S_t_r_o_n~,µ,~ly~ d_ is_a~,g~, -•·e_ e ________ 3_ ._2_0_%_. ___ _, 
being s piraled d o wn t o th e fi n a l .,_2 __ +-D_ is_a_,1~~-•~,,·_e _e _______ _,._ ____ 6_._3_0_% ____ _, 

consU1T1er (bus iness· s) ~3"---+ N-'-"e -=uc..ctc.r =a c.1 ______ _ _ 1-___ i_s_._9_0_% ___ ---l 
A• .. u ·ee 4S .90% 4 

5 Str o n r- lv aJ..?. ree 25. 70% 
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Mean 

4.13 

3.68 

3 . 55 

3.92 

3.86 

3.75 

3 .89 

3 77 

3.86 

3.73 

3 86 

3.79 

3 87 

3 .64 

3.82 

3.85 

Standard 

deviation 

0.76 

0 .95 

1. 1 0 

0 .93 

0.9 1 

0 . 9 1 

0 .95 

0.92 

0 .93 

0.99 

0.99 

0.88 

0 .98 

1.12 

0.97 

0 .98 



Table 4.9 contains operationa l vulnerab ility results. Results reflect that a to tal of 84.3% agreed 

that production re liabil ity is affected (M = 4.13, SD = 0.76). A total of 66.8% agreed that 

equi pment damages had been experienced in the ir enterprise due to inco ns istency in e lectr icity 

supply (M = 3.68, SD = 0.95). Sixty-fo ur point six percent (64.6%) of partic ipants agreed that 

electric ity inconsistency has contributed towards a reduced workfo rce in their enterprises (M 

= 3.55, SD = 1.10). A total of77.6% agreed that product ion deadlines had been infl uenced 

negatively by electricity inadequacy (M = 3.92, SD = 0.93). A total of 75.3% agreed that 

electric ity inconsistency affected employees motivation to work (M = 3.86, SD= 0.91). A total 

of 71.8% and 75. 8%0 of participants agreed that working hours are reduced due to electr icity 

inadequacy and disruptions (M = 3.75 , SD= 0. 91) and (M= 3.89, SD= 0.95) respectively . 

A total of 72.2% agreed that electricity supply inadequacy has caused a decline in product 

range (product line decline) (M = 3.77, SD = 0.92). Seventy-one point s ix percent (71.6%) and 

69.9% respectively agreed that electric ity supply inadequacy has affected communication 

techno logy infrastructu re (M = 3.86, SD= 0.93) and loss of data (M = 3.73 , SD= 0.99). A total 

of 75.1 % agreed that electric ity inadequacy has a negative effect on investment possibilities in 

the industry (M =3. 86, SD = 0.99). Seventy-fo ur po int three percent (74.3%) and 70.5% agreed 

that electricity inadequacy has affected the fin anc ial markets in the short term (M = 3.79, SD 

= 0.88) and long term and (M = 3.89, SD= 0.98) respectively. A total of 66.6% agreed that 

there have been losses of d irect investments due to electricity uncerta inty (M = 3 .64, SD = 

1.12). A total of 72.5 % agreed that electric ity cost has a significant effect on enterprises' profit 

margins (M = 3.82, SD = 0.97). A total of 71.6% agreed that electricity price increases are been 

spi raled down to enterprises (M = 3.85, SD = 0.98). 

Table 4.10 Business performance 

Statements Scale points Pe rce ntage Mean Standard Conclusions 

de via tion 

I.Your business growth (linked to 1 Strongly disawee 4.50% 53.2% and 19.4% of the particpants 
perfonnance) has declined since 2 Disagree 9.90% agreed and strongly aweed that business 
2007 due to instability of 3 Neutral 13. 10% 3.73 1.02 growth has declu1e sa1ce 2007 due to 
electricity supply 4 Agree 53.20% electrcity crisis 

5 Strongly agree 19.40% 

2.Your business growth (linked to I Strongly disagree 3.60% 51.4% and 22. I% of the participants 
perfonnance) has declined since 2 Disagree 10.40% 

3.78 1.02 
aweed and strongly aweed that business 

2007 due to the general 4 Agree 51.40% growth has declu1e su1ce 2007 due to 
economic downturn 5 Strongly agree 22.10% economic downtum 

Table 4.10 presents results on the assessment of electr icity inconsistency and econorrnc 

downturn on business perfo rmance from 200 7. The majori ty of the partic ipants agreed that 
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electrici ty inconsistency had affected business performance s ince 2007 (M == 3.73 , SD == 1.02). 

The majority of the participants also agreed that economic downturn had affected business 

performance as of 2007 (M == 3. 78, 1.02) . Results reflect that e lectricity cons istency is eminent 

fo r economic growth as supported in the literature review. 

Table 4.11 Organizational electricity inconsistency mitigation program mes 

Statements Scale points Percentage Mea n Sta nd ard Co nclusions 
deviation 

I.Your organisation have an I Strongly disagree 7.20% 47.3%. and 16.2% of the participants agreed 
adequate understanding of 2 Disagree 18.50% and strongly agreed respectively that their 
electricity crisis management 3 Neutral 10.80% 3.47 1.17 organisation understands electricity crisis 
programs (e.g alternative 4 Agree 47.30% management. ls note worthy that a total of 
power sources) 5 Strongly agree 16.20% 25.7% gave a negative response 

2.Electricity crisis I Strongly disagree 10.80% 40.5% and 10.8% of the participants 
management programs have 2 Disagree 40.50% dis agreed and strong! y dis agreed respectively 
been successfully 3 !Neutral 15.30% 2.84 1.24 on their organisations succesfully 
implemented in your 4 Agree 20.30% implementing crisis management programs 
organisation 5 Strongly agree 13. 10% 

3.Altemative electricity I Strongly disagree 18.90% 35.1 % and 18% of the participants disagreed 
generating systems (for 2 Disagree 35.10% and strongly disagreed respectively that 
example solar power and 3 !Neutral 17.10% 2.65 1.24 alternative electrcity generating systems have 
generators) have been 4 Agree 19.80% been adopted in the organisation 
adopted successfully 5 Strongly agree 9% 
4.The organization's I Strongly disagree 18.90% 47.3% and 18 .9% of the participants 
alternative power systems is 2 Disagree 47.30% disagreed and strongly disagreed respectively 
capable of solving any fonn 3 Neutral 10.40% 2.43 I. 13 that alternative power sources is capable of 
of grid short-fall 4 Agree 18.50% solving grid short-fall 

5 Strongly agree 5% 
5.Your organisation have I Strongly disagree 25.70% A total of 69.4.% of the participants 
been able to acquire 2 Disagree 43.70% disagreed, while 20% of the participants 
investors to sponsor your 3 Neutral 14% 2.24 1.07 agreed that they able to acquire investors to 
energy mitigation 4 Agree 14% sponsor their mitigation programmes 
programmes 5 Strongly agree 2.70% 
6.Trade unions are involved I Strongly Disagree 26. 10% A total of 68.4% of the particpants disgreed 
with the stabilizing ot 2 Disagree 42.30% that trade unions get involved in stabilising 
electricity supply (strategic 3 Neutral 21.20% 2.17 0.96 electrcity supply to industries 
discussions with suppliers) 4 Agree 9% 

5 Strongly agree 1.40% 

?.Commercial business I Strongly disagree 19.40% A total of 61.3% of the particpants disagreed 
forums are involved with the 2 Disagree 41.90% that business forums get involved in 
stabilising of electricity 3 Neutral 20.70% 2.42 1.09 stabilising electrcity supply to industries 
supply (strategic discussions 4 Agree 13.10% 
with suppliers) 5 Strongly agree 5% 

Table 4.1 1 presents descriptive statist ics for the e lectricity inconsistency mitigation 

programmes secti on. Results reflect that participants fe lt neutral tending to agree that their 

enterprises have an adequate understanding of e lectricity crisis management (M == 3 .4 7, SD == 

1.1 7). Participants also tend towards being neutral that enterprises have successfu lly 
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implemented electricity crisis management programs (M = 2.84, 1.24). Respondents felt 

neutral tending towards disagreeing that alternative electricity generating system has been 

adopted successfu lly (M= 2.65, SD= 1.24). More than half of the participants noted that 

alternative power sources are not capable of so lving shortfalls of the grid (M= 2.43 , SD = 1.13). 

Participants mostly disagree to have acquired investors to sponsor energy mitigation plans (M 

= 2.24, SD = 1.07). Participants disagree that trade unions and business fo rums are involved in 

stabilising electricity supply to the industrial sector (M = 2.17 and SD = 0.96) and (M = 2.42 

and 1.09) respectively. 
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Ta ble 4.12 Industrial electricity intensity control 

Sta t e m e n t s Sca le p o ints P e r ce nt:1 ge Mean Sta n dard Co n clu s io n s 
d ev iat io n 

I .Electricity efficiency within I Stron~Jy disagree 9% Resu lts reflect neutral with 25 .2%, 
your industry is important to 2 Disagree 23.90% 23.9% and 23 .9% of the participants 
the public sector (NERSA I 3 Neutral 23.90% 3 . 19 1.24 agreeing, disagreeing and neutral 
DME). 4 Agree 25 .20% respecti vely 

5 Strongly agree 18% 

2.a.Electrici ty dis tri bution I S trongly disagree 12.20% ResL1hs rcncct neutral. A total of 
control programs have been 2 Disagree 29 .30% 4 1.5% and 40 . I % of the participants 

introduced successfully to 3 Neutral 18 .50% 3 .00 1.26 gave an agreed and disagreed opinion 

stabilize intensity in high 4 AJZ;ree 26.10% respectivel y 
demand industries 5 Strongly agree 14% 

2 .b .Electricity distribution I Stro n gly disagree 11 .30% A total of 47 .3% of the part1cpants 
control program s have been 2 Disagree 36% gave a disagreed opinion 
introduced successfully to 3 Neutral 23.40% 2 .77 1. 12 
s tabili ze intensity ,n low 4 Agree 22 .50% 
demand industries 5 Stro n gly agree 6.80% 
3 . Conservation of available I Stron gly disagree 18% Most partcipants of 50.9% disgrced 
power has beco me a major 2 Disagree 39.20% towards considering the conservation 
focus in your business strategy 3 Neutral 17. 10% 2 .6 1 1.23 of available power as a major focus 

4 Agree 15 .30% in their business strategics 

5 Stro n ,;tlv agree 10.40% 
4.a . Your organisati on take part 1 Stron g ly disagree 26 .60% A total of 64.4 % of the particpants 
in efficiency programmes such 2 Disagree 37 .80% disagreed in regulat ing their 
as reducing electricity 3 Neutral 12.60% 2.38 1.21 electrcity consumption 
consumption 4 Agree 17 . 10% 

5 Strongly agree 5.90% 

4 .b .Your organisation take part I Strongly Disagree 23.40% A total of 64 .4% of the partic1 pants 
in programmes such as 2 Disagree 41% do not ha ve guidlincs towards 
instituting guidelines toward 3 Neutral 17. 10% 2 .35 I.II em isison control 
emission control 4 Agree 14% 

5 StronJ.dY ai~ rec 4 .50% 
4 .c .Your o rgani sat ion take part I Stro n gly disagree 23 .90% A total of 54.5% of the participants 
in efficiency programmes such 2 Disagree 30.60% note that their organisations have not 
as facing-off energy intensive 3 Neutral 18 .90% 2 .55 1.24 considered facing off energy 
operational activities 4 Agree 19.40% intensive activities 

5 Strongly agree 7.20% 

5 .a .Adm inistrators (Eskom, I Stro n g ly disagree 15.80% A total of 56.3% of the partic ipants 
NERSA ); levy penalties in 2 Disagree 40.50% disgareed that administrators levy 
cases of non-compliance lo 3 Neutral 24.30% 2.51 1.05 penalties on non-complaince lo 
efficiency co ntrol policies 4 Agree 15.80% efficiency control 

5 Strongly disagree 3.60% 

5 . b .Adm inistrators (Eskom, I Strongly disagree 2 1.20% A total of 64% of the participa nts 
NERSA)~ensure administration 2 Disagree 42.80% disagreed that administrators ensure 
in cases of le vy to non- J Neutral 21 .60% 2 .30 0.98 administration to non complaince to 
compliance to efficiency 4 Agree 14% efficiency control 
control policies 5 Strongly disagree 0 .90% 

6.There is a general corporate 1 Stroni~ly disagree 18 .50% A total of 57 .7% of the participants 
awareness towards efficient ? Disagree 39.?0o/o disagreed that the is general 
use of electri c ity 3 Neutral 18 .90% 2.53 1.14 corporate a"vareness to the efficient 

4 Agree 18% use of electrcity 

5 Strongly disagree 5.40% 

? .a.The general organisation I S trongly d isagree 17 .60% A 45 .5% of the particpants disagreed 
att itude towards energy 2 Disau,ree 32.90% that is general positive organisation 
control is pos1t1vc 3 Neutral 18% 2 .91 1.24 attitude towards energy control 

4 Agree 24.30% 
5 S tron g ly di sagree 12.20% 

7 .b .The ge neral o rganisati on I Strongl y disagree 8 .60% A total of 48 .9% agreed that general 
attitude towards energy 2 Disagree 16 .30% o rganisational attitude is ncgatt ve on 
control is negati v e 3 Neutral 26.20% 3 .26 1.12 energy control 

4 Agree 38% 
5 Strongly agree 10.90% 

8 .Do you think that controlling I Strongly disagree 5.40% A total of 57 6% o f the partic ipants 
industr ial energy consumpti on 2 Disagree 22 .50% feels cont ro lin g industrial energy 
is important 3 Neutral 14 .40% 3.47 1.21 consumpt ion is important, while a 

4 Agree 35 . 10% 27 .9% responded disagreed 

5 Strongly disagree 22 .50% 

9 .Administrators have 1 Strongly disagree 16.70% A total of 55% of the part1c1pants 
estab\ is hed gu1del ines towards 2 Disag ree 38 .30% opinion that administrators have not 
emission control 3 Neutral 18 .50% 2 .60 I 14 establish guidcl111es towards emission 

4 Agree 21 .60% control 

5 Strongly agree 5% 
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Table 4.12 presents outcomes for industrial electricity intensity control. Respondents were 

neutral towards the importance of industrial electricity efficiency to the public sector (M = 

3.19, SD= 1.24). The respondents were neutral towards the statements'electricity distribution 

programmes which have been introduced successfully to stabilise intensity in high demand 

industries (M = 3 .00, SD = 1.26), as well as that electricity distribution programmes, have been 

introduced successfully to stabilise intensity in low demand industries (M = 2. 77, SD = I. I 2). 

Respondents tend toward feeling neutral in the conservation of available power that has become 

a major focal point in business strategies (M = 2.61, SD = 1.23). Participants disagreed that 

organizations take part in efficiency programs such as [( 4a): reducing electricity consumptions 

(M = 2.38, SD= 1.21), (4b): emission control (M = 2.35, SD = 1.11) and (4c): facing-off 

energy-intensive activities (M = 2.55, SD = 1.24)]. 

Respondents tend to disagree that electricity administrators levy penalties (Sa) and ensure 

administration of penalties (Sb), to non-compliance of efficiency control policies (M = 2.51, 

SD= 1.05) and (M = 2.30, SD= 0.98) respectively. Opinions tend towards disagreeing that 

there is a general corporate awareness towards the efficient use of electricity in enterprises (M 

= 2.53, SD = 1.14). Participants disagreed tending towards neutral on (statement 7a), that 

enterprises' attitude towards energy control is positive (M = 2.53, SD = 1.14) and tend to be 

neutral on (statement 7b), that enterprises' attitude towards energy control is negative (M = 

2.91 , SD = 1.24). Opinions were neutral respectively for (statement 8), the importance to 

control industrial energy consumption (M = 3.26, SD = 1.12) and (statement 9), administrators 

efficiency on establishing emission guidelines (M = 3.47, SD= 1.21). 

Table 4. 13 Dichotomous outcome to intensity control 

Statements Yes N o Partia lly 

Would you be interested in paiiicpating In energy 
saving activities 42 .60% 18.40% 39% 

Table 4.13 reflects results to the dichotomous question as being interested in participating in 

energy-saving activities. Surprisingly just over 42.6% gave a positive response. Eighteen point 

four percent (18.4%) note that their organ isations will not, while 39% note a partial interest. 

4.4.2 Reliability test (Cronbach Alpha) 

Cronbach (1951) says Alpha reliability is a type of internal consistency coefficient that 

evaluates items scored in multiple answer categories. Ritter (2010:3 -4) points out that the 

Cronbach definition implies that the Alpha measures their reliability of consistency of the 
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individual 's scores across equivalent measurement forms. Sharma (2016) concurs and 

highlights that reliability ex ists if there is a transverse consistency on measurement forms. For 

an exploratory study such as this, reliabi li ty >0.5 and < 0.0 7 is good. However, reliability is 

considered as very good or excellent if it is >0.7. Field (2014:708-709) states that due to several 

dynamics relating to what shou ld be accepted as a reliab le Alpha for analysis , values of 0.5 or 

above will be sufficient. 

Table 4.14 Reliability test results 

Variables Cronbach's alpha 

E lectrical energy importance 0 .75 

Supply sufficiency 0 .31 

Ooerational vulnerabilities 0 .81 
Business performance 0.76 

Mitigation control programs 0.74 

Intensity control programs 0 .74 

Table 4.14 reflects Cronbach alphas for all constructs as indicated by the sections of the 

questionnaire. Results show that the Cron bach ' s alpha for all factors was deemed reliable with 

a result of 0. 74 and above except for the supply s uffic iency constru ct with a low Cronbach ' s 

alpha of 0.3 1. Due to this henceforth each statement from supp ly sufficiency construct wi 11 be 

considered separately. Spiliotopoulou (2009) argues that a low Cronbach alpha estimate does 

not imply problems with the construction of the tool. Likewise, large estimates do not 

necessarily suggest adequate reliability, as Cronbach 's alpha is related to internal consistency 

of data scores. Spiliotopoulou suggests that Cronbach 's estimates shou ld be evaluated by taking 

into account the specificities of an empirical research before concluding on measures with an 

insufficient alpha. Basto and Pereira (20 12) concur that inconsistency might be bound to 

happen as different sampling groups mi ght lead to differences in opinion. An empirical 

research, with groups of different characteristics, has the tendency to reflect low consistency 

measures . Palant (2010:100) also states that for scales with a small number of items of less 

than l 0, it is often difficult to get a decent Cronbach a lpha value. Such was the case with the 

supply sufficiency construct. Due to the low-re liabi lity score of supp ly suffic iency variable , it 

should be noted that the analysis henceforth shal l co ns ider each statement from suppl y 

sufficiency separate ly. 
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Table 4.15 Descriptive summary of factors 

F actors Mean S tandard dev iation 

Importan ce of e lectrica l energy 4.43 0.58 
Supply sufficiency (staternentl) 2.37 1. 1 7 
Supply s u fficiency(state1nent2) 2.43 1 . 13 
Supply s u ffic ie n cy (state1nent3) 3.42 1.27 
Operational vulnerabi l ity 3.8 1 0.49 
Business perfonnance 3.75 0.92 
Mitigation control 2 .60 0.7 1 
Intensity contro l 2.70 0.56 

Table 4.15 presents a summary of participants' responses on constructs. The results reflect that 

participants , in general, agree that electrica l energy is im portant fo r business operat ions (M 

=4.43, SD = 0.58). Respondents had different views to the statements on the sufficiency of 

supply. Results reflect that organisations disagree with statement 1, (M = 2.3 7, 1.1 7) and 

statement 2, (M = 2.43, SD = 1. 13). Respondents were neutral on statement 3, (M = 3.42, SD 

= 1.27). Opinions tend to agree that enterprises are vulnerable (M = 3.81 , SD = 0.49) and 

business performance is dropp ing (M = 3.75 , SD = 0.92), due to electricity inconsistency. 

Outcome reflects opinions tending towards neutral on rn itigation contro l (M = 2.60, SD = 0. 71) 

and intensity control (M = 2. 70, 0.56). It shou ld be noted that due to the small sample obtained 

from the mining industry, it is excluded from analysis henceforth . 

4.4.3 A OVA (F-test) 

The one-way Analysis of Variance (ANOV A) test was conducted to assess whether or not 

there are differences in the opin ions with in the different business categories (supermarkets, 

financials , construction and chemicals) and the different industrial business size classifications 

(small, micro, medium and large) for sampled industries. Since a non-probability sample 

method was used and thus statistical inferences conclusions cannot be drawn effect sizes were 

used to determine the practical significance of any differences that might exist as suggested by 

Ellis and Steyn (2003). Effect sizes >0.2, >0.5 and >0.8 reflect small , medium and large 

differences respectively. These can also be referred to as practically non-s ignificant, practically 

visible and practically significant differences . A p-value <0.05 reflects that a significant 

statistical difference exists. The p-values are reported for completeness sake, but won ' t be 

interpreted since a non-probabil ity sampling procedure was used and not probability sampling. 
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Table 4.16 ANOVA test for industrial sectors on variables 

Factors Business Mean Standard ANOVA Welch Effect sizes 
catego ries deviation p va lues p values Supe rmarket Fin anc ials Construction 

wi th ... wit h ... with ... 
Supermarket 4.54 0.48 

Importance of electrcial energy 
Financials 4.48 0.44 

0.04 0.08 
0.13 

Construction 4.26 0.71 0.40 0.31 
Chemicals 4.42 0.6 1 0.20 0.10 0.23 

Supermarket 2.55 1.39 

Supply sut1iciency(statement I) 
Financials 2.29 0.98 

0.21 0.21 
0. 18 

Construction 2.28 1.08 0.19 0.01 

Chemicals 2.10 0.90 0.32 0.20 0. 17 

Supennarket 2.62 1.20 

Supply sufficiency (statement2) 
Financials 2.46 0.97 

0.17 0.19 
0.13 

Construction 2.23 1.05 0.33 0.23 

Chemicals 2.28 I 17 0.29 0. 16 0.04 

Supermarket 3. 13 1.25 

Supply sufficiency(statement3) 
Financials 3.98 0.85 

<0.01 <0.01 
0.67 

Construction 3.09 1.41 0.03 0.62 

Chemicals 3.90 I 19 0.61 0.06 0.57 

Supermarket 3.81 0.43 

Operational vulnerabilities 
Financials 3.76 0.43 

0.49 0.51 
0. 11 

Construction 3.78 0.57 0.04 0.05 

Chemicals 3.91 0.51 0.21 0.30 0.22 

Supermarket 3.71 0.90 

Business performance 
Financials 3.72 0.99 

0.82 0 .80 
0.01 

Construction 3.83 1.04 0.12 0. 11 

Chemicals 3.83 0.68 0.14 0. 11 0.00 

Supermarket 2.65 0.68 

Mitigation control 
Financials 2.77 0.56 

0.04 0.05 
0.16 

Construction 2.50 0.65 0.23 0.41 

Chemicals 2.36 0.90 0.32 0.44 0.15 

Supennarket 2.71 0.47 

Intensity control 
Financials 2.89 0.34 

0.01 <0 .01 
0.39 

Construction 2.67 0.66 0.05 0.33 

Chemicals 2.46 0.62 0.39 0.69 0.32 

Table 4.16 reflects results of the A OVA for business categories . Results indicate effect sizes 

are tending towards medium fo r chemicals and financ ials sectors (0.44) and construction and 

financial sectors (0.41) for mitigation contro l. This imply respondents from the chemical sector 

tend to disagree (M = 2.36, SD= 0.90), while respondents from the financial sector (M = 2.77, 

SD = 0.56) tend towards neutral with statements on mitigation. Respondents from the 

construction sector tend more towards neutral (M = 2.50, SD= 0.65) contrasting the financial 

sector that tends towards neutral. Effect size differences indicating medium tending towards 

large is reflected between sectors for supply sufficiency construct. The financial and 

supermarket sectors reflect an effect size of 0.67, w ith financial sector tending towards agree 

on supply sufficiency (statement 3) (M = 3.98, SD = 0.85) and supermarket sector tend towards 

neutral (M = 3.13 , SD = 1.25). The chem ical and superm arket sectors reflect an effect size of 

0.61 , with respondents from the chemical sector tending towards agreeing (M = 3.90, SD = 

1.19), unlike the supermarket sector that tend towards neutral. The construction and finance 
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sectors reflect an effect size of 0.62, with respondents from the construction sector tending 

towards neutral (M = 3.09, SD= 1.41), unl ike the fi nancial sector with responses tending 

toward agreeing. The chemical and construction sectors indicate an effect size of 0.57, as 

respondents from the chemical sector tend to agree on the statement, while construction 

respondents tend towards neutral. Intensity control refl ects medium tending towards large 

(0 .69) for chemicals and financials. The respondents from the chemical sector disagreed with 

the statements regarding intensity control (M = 2.46, SD = 0.62). The respondents from the 

financial sector in general felt neutral (M = 2.89, SD= 0.34) . 

Table 4.17 ANOV A test fo r enterprise size on factors 

Factors Business Mean Sta ndard ANOVA Welch Effect sizes 
categories dev iation p value p value Small with ... Micro with ... Medium with ... 

Small 4.34 0.59 

Importance of electri cal energy 
Micro 4.51 0.50 

0.51 0.50 
0.29 

Medium 4.41 0.58 0. 11 0.18 

Large 4.49 0.60 0.25 0.04 0.14 

Small 2.09 0.91 

Supply sufficiency (statement I) 
Micro 2.09 0.95 

0.02 0.03 
0.00 

Medium 2.36 1.13 0.24 0.24 

Large 2.71 1.40 0.44 0.44 0.25 

Small 2.20 1. 02 

Supply sufficiency (statement2) 
Micro 2.54 1.22 

0.5 1 0.46 
0.28 

Medium 2.52 1.1 0 0.29 0.02 

Large 2.40 I. 19 0. 17 0. 12 0.10 

Small 3.29 1.34 

Supply sufficiency (statement3 ) 
Micro 3.14 1. 28 

0.25 0.24 
0.11 

Medium 3.40 1.28 0.09 0.20 

Large 3.65 I. 19 0. 27 0.39 0. 19 

Small 3.74 0.45 

Operational vulnerability 
Micro 3.79 0.47 

0.76 0.75 
0.09 

Medium 3.84 0.49 0.20 0.11 

Large 3.79 0.51 0.09 0.01 0. JO 

Small 3.88 0.65 

Business performance 
Micro 3.84 0.87 

0.56 0.51 
0.05 

Medium 3.75 0.92 0.15 0. 10 

Large 3.63 1.06 0.23 0. 19 0.10 

Small 2.39 0.65 

Mitigation control 
Micro 2.37 0.68 

0.01 0.0 1 
0.02 

Medium 2.66 0.71 0.38 0.40 
Large 2.76 0.70 0.53 0.55 0. 14 

Small 2.54 0.48 

Intensity control 
Micro 2.54 0.56 

0.01 0.01 
0.01 

Medium 2.73 0.57 0.33 0.34 

Large 2.85 0.56 0.54 0.55 0.20 

Table 4.17 reflects the resu lts of the ANOV A for the different industrial enterprise size 

classifications. Resu lts reflect medium effect sizes fo r mitigation control between large and 

small enterprises (0.53) and between large and micro enterprises (0.55). Large enterprises 

tended toward neutral (M = 2.76, SD = 0.70), while small enterprises tended toward disagreeing 

on the construct (M = 2.39, SD = 0.65). M icro enterpr ises tended towards disagree (M = 2.37, 

SD = 0.68), unlike large enterprises that tends more towards neutral. Intensity control also 
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reflects medium effect sizes between large and small enterpr ises (0.54) and also for large and 

micro businesses (0.55) . Large enterprises tend towards being neutral (M = 2 .85, SD = 0.56), 

while small businesses are tended more towards disagree (M = 2.54, SD = 0.48). Micro 

enterprises reflect to be tending more towards disagree (M = 2.54, SD = 0.56), unlike large 

enterprises that tend 's towards neutral. 

4.4.4 Independent T-test 

The T-test analyses the difference between the means derived fro m the different groups ' scores. 

Schlomer (2009:3) states that the T-test identifies that two groups have significant differences 

in means. A llen et al. (2009:36) concur that T-test determines whether the variability between 

two groups from a targeted samp le is larger than the expected natural variability present. The 

independent T-test was utilised in comparing the business sectors per sampled province. The 

effect size explains practical differences between the means of sam pled clusters. Values >0.2, 

>0.5 and >0.8 reflect a small, medium and large effect sizes respectively. The p-values will 

also be reported. The p-values are reported for completeness sake, but won't be interpreted 

since a non-probability sampling method was used and not a probability sampling. 

Table 4.18 T-test res ults on chemical sector for sampled provinces 

Factors Province Mean Standard Levene's Effect sizes 
deviation p value 

Importance of electrical energy Gauteng 4.33 0.72 
0.30 0.28 

North-West 4.53 0.44 

Supply sufficiency (statement]) Gauteng 2.18 0.90 
0.53 0.2 

North-West 2.00 0.90 

Supply sufficiency(statement2) Gauteng 2.45 1.22 
0.29 0.33 

North-West 2.06 1.11 

Supply sufficiency statement]) Gauteng 3.64 1.32 
0.12 0.44 

North-West 4.22 0.94 

Operational vulnerability Gauteng 3.74 0.50 
0.01 0. 76 

North-West 4.12 0.45 

Business performance Gauteng 3.72 0.81 
0.26 0.30 

North-West 3.97 0.46 

Mitigation control Gauteng 2.55 0.70 
North-West 2. 14 1.09 

0. 16 0.38 

Intensity control Gauteng 2.63 0.47 
0.06 0.51 

North-West 2.26 0.73 

Table 4.18 contains the resu lts of the independent T-test when considering the chem ical sector 

per sampled province. Operational vulnerab ility (0. 76) and intensity control (0 .51) reflect large 

and med ium effect sizes respectively . The operational vu lnerabi lity construct reflect that 
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respondents from Gauteng tended towards (M = 3. 74, SD= 0. 50) while respondents from orth 

West agreed, tending towards strongly agree (M = 4.12 , SD = 0.45) . Load shedding stati stics 

for 2014 to 20 I 5 concur that there were more lights cut in the orth West province com pared 

to Gauteng in the mentioned period. The intensity control construct reflect that respondents 

from Gauteng tend towards neutral on statements (M = 2. 63 , SD = 0.47) while respondent from 

orth West tend to disagree (M = 2.26, SD = 0.73). 

Table 4.19 T-test results on supermarket sector for sampled provinces 

Factors Province Mean Standard Levene's Effect sizes 
deviation p value 

Importance of electrical energy Gauteng 4.59 0.51 
0.26 0.25 

North-West 4.46 0.41 

Supply sufficiency (statement I) Gauteng 2.61 1.45 
0.57 0.13 

:North-West 2.43 1.28 

Supply sufficiency(statement2) Gauteng 2.72 1.20 
0.29 0.24 

!North-West 2.43 1.20 

Supply sufficiency statement3) Gauteng 2.72 1.28 
<0.01 0.94 

1North-West 3.93 0.71 

Operational vulnerabi I ity Gauteng 3.74 0.40 
0.04 0.43 

North-West 3.94 0.47 

Business performance Gauteng 3.63 0.98 
0.30 0.22 

North-West 3.85 0.73 

Mitigation control Gauteng 2.75 0.65 
0.08 0.38 

!North-West 2.47 0.71 

Intensity control Gauteng 2.74 0.42 
0.34 0.19 

!North-West 2.64 0.55 

Table 4.19 contains the results of the independent T-test when considering supermarket sector 

per province. 

Supply sufficiency (statement 3: Currently in South Africa bus iness are operating in an energy 

crisis environment) reflect a large effect size of 0.94 fo r Gauteng (M = 2. 72, SD = 1.28) and 

North West (M = 3 .93 , SD = 0.71) . The large difference reflects that participants tend towards 

neutral in Gauteng, whi le pa1iicipants in the No1ih West agreed to the statement. 
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Table 4.20 T-test results on fi na ncial sector for sampled provinces 

Factors Province Mean Standard Lcvenc's Effect sizes 
deviation p va lu e 

Importance of electrical energy Gauteng 4.62 0.48 
0.03 0.59 

North-West 4.33 0.35 

Supply sufficiency (statement 1) Gauteng 2.14 1.03 
0.27 0.33 

North-West 2.47 0.90 

Supply sufficiency(statement2) Gauteng 2.5 9 1.05 
0.37 0.26 

North-West 2.32 0.88 

Supply sufficiency statement3) Gauteng 3.73 0.88 
0.04 0.61 

No1th-West 4.26 0.73 

Operational vulnerability Gauteng 3.62 0.41 
0.02 0.71 

North-West 3.92 0.41 

Business performance Gauteng 3.40 1.15 
0.02 0.61 

No1th-West 4.11 0.58 

Mitigation control Gauteng 2.64 0.54 
0.13 0.48 

No1th-West 2.92 0.56 

Intensity control Gauteng 2.93 0.39 
0.38 0.24 

No1th-West 2.84 0.25 

Table 4 .20 contains the results of the independent T-test when considering financial business 

sector per sampled province simultaneously. 

The importance of electrical energy reflects a medium effect size (0.59). Gauteng tend towards 

strongly agree (M = 4.62, SD = 0.48) and orth West tend towards agree (M = 4.33, SD = 

0.3 5). Effect sizes tending towards large, reflect for supply sufficiency, (statement 3) (0.61 ), 

operational vu lnerability (0.71) and business performance (0.61). Respondents tend towards 

agreeing for supply sufficiency (statement 3: currently in South Africa enterprises are operating 

in an energy cris is environment) for Gauteng (M =3.73 , SD = 0.88), while respondents from 

orth West tend towards strongly agree (M = 4.26, SD = 0.73). Operational vulnerability 

reflect that respondents from Gauteng tend towards agree (M = 3.62, SD = 0.41) and 

respondents from North West agree (M = 3.92, SD= 0.41). Business performance reflect that 

respondents from Gauteng tend towards neutral on statements (M= 3.40, SD = 1.15) while 

respondents from North West tend to agree (M =4.11 , SD = 0.5 8). 
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Table 4.21 T-test res ults on construction sector for sa mpled provinces 

Factors Province Mean Stand ard Levene's Effect sizes 
deviation p valu e 

Importance of electrical energy 
Gauteng 4.08 0.91 

0.07 0.38 
I North-West 4.42 0.42 

Supply sufficiency (statement!) 
Gauteng 2.2 1.08 

0.60 0.14 
!North-West 2.36 1.09 

Supply sufficiency (statement2) 
Gauteng 2.24 1.05 

0.93 0.02 
!North-West 2.21 1.06 

Gauteng 2.16 1.14 
<0.01 1.55 Supply sufficiency (statement3) 

North-West 3.93 1.08 

Operational vulnerability 
Gauteng 3.62 0.61 

0.04 0.52 
North-West 3.93 0.51 

Business performance 
Gauteng 3.54 1.29 

0.04 0.44 
!North-West 4.10 0.67 

Mitigation control 
Gauteng 2.57 0.65 

0.45 0.21 
!North-West 2.43 0.66 

Intensity control 
Gauteng 2.68 0.59 

0.95 0.01 
North-West 2.67 0.73 

Table 4 .21 contains the results of the independent T-test when consider ing the construction 

sector per province. 

Operational vulnerability reflects medium effect size (0.52) while supply sufficiency 

(statement 3) showed a very large effect size (1.55) . Respondents for Gauteng tend towards 

agreeing on statements for operational vulnerability (M = 3.62, SD= 0.61), while respondent 

from orth West tended a little stronger towards agree ing (M = 3.93 , SD = 0.51). Supply 

sufficiency (statement 3) reflect respondents tend to disagree on statements for Gauteng (M = 

216, SD= 1.14) and tend to agree for orth West (M = 3.93, SD = 1.08). 

4.4.5 Correlation 

Harmon (2011 :33) states that the Spearman ' s rank correlation is a nonparametric statistic 

which measures the strength of an association between two variab les. Hauke and Kossowski 

(2011) say that the Spearman coefficient is not a measurement of a linear relationship between 

two var iables as most statistical analyses asse1i. It assesses how the re lationsh ip between two 

variables can be best described. The Spearman rank coefficient also indicates if a practical 

significant relation exists between variab les. A coeffic ient > 0.1 , >0.3 and >0.5 represents a 

small , medium and large re lationship respectively. The Spearman 's rank correlation was 

performed between business size, month ly expenditure of el ctricity and cost per unit of 

electricity. 
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Table 4.22 Correlation between business size, electricity monthly spending and cost per 

unit of electricity 

Factors Measurements Business size Monthly expenditure Cost per unit of 
on electrcity electricity 

Cofficient 1.00 0.48 0. 15 
Business size 

Sig. 0.00 0.02 

Monthly expenditure on Cofficient 0.48 1.00 0.24 

electrcity Sig. 0.00 0.00 

Cofficient 0.15 0.24 1.00 
Cost per unit of electricity 

Sig. 0.02 0.00 

Results reflect a positive correlation, tending towards medium, between cost per unit of 

electric ity and monthly expenditure on electricity (r = 0. 24). A positive corre lation tending 

towards large exist for business size and electricity monthly spending (r = 0.48) . Thus, it 

indicates that large enterprises will spend more on electr icity compared to smaller enterprises. 

4.4.6 Chi-square test 

The Chi-square test was emp loyed to identify if an association exists between enterprise 

category, monthly expenditure on electric ity and cost per unit of electricity. Turner (2014:2) 

says the Chi-square analysis identifies if two categori cal var iables are independent (no 

relationship). Waller and Johnson (2013:2) agree Ch i-square examines whether equality exists 

between two or more categorical variables. Bolboaca et al. (2011) highlight that the Pearson 

Chi-square is the most appropr iate in samples sizes with a minimum of 20 to 50 participants . 

The Pearson Chi-square was used to identify statistically significant associations. Cramer's 

value was used to indicate practical significant assoc iations (effect size differences). A 

coefficient <0.05 indicates a s ignificant statistical relation. Cramer's values of> 0. l , >0.3, >0.5 

indicates small, medium and large assoc iations respectively. The p-values are reported for 

completeness sake, but won't be interpreted since a non-probability sampling method was 

used and not a probability sampling. 

Table 4.23 Pearson Chi-square and symmetric measures for industries and monthly 

expenditure on electricity 

Chi square test Symmetric measures 
df Sig. Values (effect size) Sig. 

Pearson 15 0.04 Phi 0.34 0.04 

Likelihood ratio 15 0.02 Cramer's V 0.19 0.04 
Linear-by-linear association 1 <0.00 1 

Table 4.23 reflects the Chi-square test between industry and month ly expenditure on electricity . 

Results also reflect a smal l association effect (Cramer ' s V (CV) = 0.19). 
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Table 4.24 Pearson Chi-square and symmetric measures fo r industries and cost per unit 

of electricity 

Chi square test Symmetric meas ures 

df Sig. Values (effect size) Sig. 

Pearson 15 <0. 00 1 Phi 0.65 <0.001 
Likelihood ratio 15 <0. 00 1 Cramer 's V 0.37 <0.001 

Linear-bv-linear association 1 <0. 00 1 

Table 4.24 reflects the Chi-square test between industry and cost per unit of electricity. Results 

reflect a medium tendency toward large effect size (CV = 0.37). This indicates that industrial 

energy pricing per un it cost is regulated across different industrial sectors in South Africa. 

4.5 Conclusion 

This article has critically examined the effect of low power supply on industrial growth in 

South Africa. The importance of electrical energy to businesses, supp ly sufficiency, operational 

vulnerability and business performance were used to measure the aggregate relation between 

electrical energy and industrial growth in South Africa. The article also assessed the mitigation 

control programs instituted by industrial enterprises to ensure no-d isruption in production and 

operational activities. An evaluation was also done to determine the level of intensity control 

to advice on reliab le policies for efficiency and emission that comes with increased intensity 

in the industrial sector. The service industry (financials and cold-chained supermarket) , 

manufacturing (constructions and chemicals) and mini ng (mi neral deposits and mine 

purification) were the sampled industries. Stats S.A. (2015 :2) points out that the low electricity 

supply immensely affected the production chain, causing a sharp contraction in major 

industries such as mining, manufacturing and service industries, lowering economic growth. 

The following section will elaborate on the papers' research objectives. 

4.5.1 Importance of electrical energy to businesses 

A majority of the participants gave a pos it ive response that electrical energy is very important 

for their operations energy source (M = 4.43, SD= 0.58). Attigah and Mayer-Tasch (2013:4) 

state that of all modern energy types, electricity is the most undisputab le category that must be 

considered in the strategic objectives of industrial growth. Enterprises also noted that e lectrical 

energy consistency is necessary for their business growth and competitiveness in general. The 

results reflect indications from the literature review that despite the availab ility of alternative 

sources of energy, electrical energy susta inability is primary for industrial growth and 

advancements in econom ic activities. This is very essential in the case of South Africa with an 
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energy-intensive economy. Isaksson (2009: 1) agrees that the most direct role of electrical 

energy is that it serves as the main input to the activities of industries. There were indications 

of a medium difference in opinion between manufacturing and the service industry about 

importance of electrical energy for business activities . 

4.5.2 Supply sufficiency 

Organisations disagreed that supply suffic iency levels are adequate. Statement one was 

assessing if supply volumes are sufficient to meet industrial demand, while statement 2 was 

assessing the optimism of organisations on the consistency of future e lectricity supply. 

Aforementioned statements reflect M = 2.3 7, 1. 17 and M = 2.43, SD = 1. 13 respective ly. 

Nkomo (2006:77) points that the most important relationship between energy supply and 

industrial growth in the volume effect, which determines different tendencies in the production 

level of economic activities based on the quantity of energy supply. 

Statement 3 was assessing whether the South African business environment is characterised by 

the energy cr isis. James (2014: 1) affirms that the South Africa bus iness sector is extremely 

concerned about the short to medium-term power cr is is. A lbert (2015:34) agrees that even 

though the electricity supply has been fair ly stable in recent months, there is no assurance that 

Eskom can keep up with the ever-increasing demand fo r power. Oxford (2015 :12) highlights 

that Eskom even agrees that the challenge of a constrained power system and the issues of 

supply and demand are not likely to end if sufficient capac ity to meet required demand remains 

pending. Enterprises ' response tended towards neutral (M = 3.42, SD= 1.27). It was found that 

there are significant differences in opinions on the business environment being characterised 

with the energy crisis between the different business categories and industries from Gauteng 

and No1th West provinces. In general, there were medium to large effect sizes for supply 

sufficiency across industries, business categories and provincial geographies. This implied that 

electricity supply confidence varies across enterprise sectors, classification and provincial 

locations . Jucker et al. (2008 :3) states that industrial and economic growth for all developing 

economies is strongly dependent on the supply levels of e lectrical energy and access to reliable 

supplies of e lectricity. 

4.5.3 Operational vul nerabi lity and business performance 

Enterprises agreed that there have been operational vulnerabil ities and business performance 

is dropping due to electricity inconsistency (M = 3.81 , SD = 0.49 and M = 3.75, SD = 0.92) 

respectively. There were small differences in opinions across industries. Provincial differences 
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were very significant, with chemical and financ ial sectors tending towards large differences . 

Enterprises note that there has been a drop in productiv ity, increased overhead cost due to price, 

damages on equipment, fail ures to meet deadlines due to limited work ing hours, financial 

markets are affected in the long term and short term and the loss of investments. It was also 

discovered that there is a significant association on electricity spend ing, cost per unit of 

electricity to industrial sectors and class ifications. Hence, the higher the cost per unit of 

electricity of an enterprise, the greater it spending on electricity demand fo r operational 

activities. Alternatively, an organisation's size or operational nature will determine its 

electricity spending. 

Von Ketelhodt and Wocke (2008) state that a reliable and low priced supply of electricity is 

critical to the success of the bus iness sector in South Africa. Altman et al. (2010 :9) point out 

that there is a real concern that, rising e lectricity prices will encourage firms to shut down 

production or contain expansion with resultant downstream impacts on economic growth. 

Kumo et al. (2016:4) state that severe electricity ineffic iency precipitated frequent load­

shedding, with a resultant outcome to low business confidence from investors. Organisations 

point out that electric ity inconsistency and the consequent economic downturn has led to 

decreas ing profit margins as business growth is on a decline since the start of the cri s is from 

2007. Inglesi and Blignaut (201 2) maintain that electricity is an essential input for production 

in South Africa, hence an important facto r for the competitiveness of the country 's industrial 

performance. 

4.5.4 Mitigation control 

In general, the South African business environment is surrounded by unce11ainties of e lectricity 

consistency. Altman et al. (2 010 :28) high light that it is now clear that there is a likelihood of 

electricity supply shortages stretching to 201 7. There have been cases of completely light cuts 

in some parts of South Africa for weeks. Doyle (2015:22) note that unreliable power supply 

threatens extended periods with no power over the course of several years, characterised with 

load-shedd ing occurrences as a pred ictab le certainty in the future. Thoughtful enterprises need 

to implement mitigation strategies to deal with it and to implement successfu l strategies, they 

need to understand what are the risks and implications of low electri city supply. It was thus , 

impo11ant to evaluate industrial and enterprises readiness in ensuring operational continuity 

with limited disruption on activities during the occurrence of load shedding. Ente rprises ' 

responses were neutral towards establish ing mitigation control systems and strategies (M = 

2.60, SD = 0.71). Medium di ffe rences in op1111on refl ected across the different bus iness 
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classifications. Burrows (2015: 14) says mitigation strategies are very expensive especially for 

smaller enterprises, adding up to operational cost. 

4.5.5 Intensity control 

Industrial energy consumption is the highest among other sectors in South Africa. Pegels 

(2010) remarks that carbon emissions in South Africa are on the rise as the energy industry 

environmental pollution intensifies . Gross (2012:6) asserts that Eskom itself was ranked as the 

second highest carbon dioxide emitting energy company in the world by 2012. Outcome 

reflects opinions tending towards neutral on industrial intensity control (M = 2.60 , SD = 0. 71 

and M = 2.70, SD= 0.56). There were med ium differences in opinion on intensity control by 

business classifications (SMMLEs). Oxford (2015 : 12) says electricity administrators have 

failed to recognise the growing threat about electricity adequacy in South Africa. There is a 

need for effective industrial sector intensity and efficiency control. E lectrical energy savings 

have a direct impact on the bottom-line of industrial plants and commercial businesses (Jucker 

et al., 2008:5). Inglesi and Blignaut (2012) assert that South Africa ' s electricity intensity has 

more than doubled when considered on a time series basis. The sectoral analysis also confirms 

that a majority of South African sectors are becoming electricity intensive. To improve its 

industrial competitiveness, South Africa will have to improve its sectoral electricity efficiency 

levels. Inglesi and Blignaut (2014) assert that enforcement of sectoral industrial energy 

intensity control has a direct benefit to electricity effic iency . 

4.6 Final statement 

To strengthen the international competitiveness of industries , electricity suppliers must ensure 

fair energy access and security. Insufficient energy supply for industrial operations will 

significantly impact on industrial competitiveness and consequently industrial growth. 

Arguably the South African business environment is characterised with uncertainties on energy 

security. It is very important for industry stakeholders to establish their micro grid to reduce the 

impact of low supply of electrical power and to prevent disruptions in industrial activities due 

to electricity inconsistency. To ensure substantial energy savings, consumption control should 

be effective across all sectors in the economy. Pared is and Black (2012: 189) emphasise that 

technological efficiency improvement measures are key strategy towards minimising 

environmental pollution. The public sector should apply the good governance framework to 

ensure policies are effectively implemented and stakeholders adhere to compliance 

requirements on efficiency and intensity control. It is important to proceed by addressing the 
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lack of motivation to practice energy control by industries. The lack of effective intensity 

control can be viewed as the public sector ' s unwillingness to trade-off short-term industrial 

economic implications for a long-term attainment of industrial energy control objectives . A 

policy fostering heavy sanctions should be instituted to ensure compliance. 
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CHAPTER FIVE (ARTICLE 4) 

THE ELECTRICITY SECURITY IN SOUTH AFRICA: 

ANALYSING SIGNIFICANT DETERMINANTS TO THE GRID 

RELIABILITY 

Benedict Belobo Ateba and Prinsloo Johannes Jurgens 

ABSTRACT 

South Africa has been suffering.from low electricity supply for decades now, dating back to the 

first occurrence during 1983. Another crisis struck by the fall of 2007, which shocks fi·om the 

crisis still affect the economic growth. The country 's fossil fuels , which serve as a major 

contributor to its electricity generation, are depleted by 1% every year. Other determining 

variables such as increases in domestic consumption and industrial intensity as domestic and 

industrial consumption rise, increase in coal prices, drop in the production volumes of coal, 

depreciation in machinery remain continuous dangers to the future reliability of supply of the 

grid. This has led to inflation of consumer prices, as end users ' future access to adequate 

electricity supply is not guaranteed. This paper aimed at determining the steadfastness of the 

South African electricity grid in meeting consumers ' demands. A quantitative research design 

was employed. A multiple time series research method utilising secondary data from key 

determining variables to electricity supply .from the first quarter of 1998 to the last quarter of 

2015 was employed in this study. The Eviews statistical software was employed to obtain 

regression probabilities through the multiple Ordinary Least Square model (OLS) 

specifications. The Engle-Granger approach was used to establish whether or not co­

integration exists between the independent and the dependent variables. The co-integration 

analysis reflects that there is a significant long-term relationship between the independent and 

the dependent variables. 

Keywords: Electricity security, supply determinants, grid sustainability, future electricity 

access 
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5. INTRODUCTION 

Winkler (2006a:23) notes that energy has been a very instrumental feature in shap ing the South 

Africa economy. Supplying consistent electricity to the mining industry, to boost economic 

growth was the primary supply obj ective of the public sector throughout the early quarters of 

the twentieth century. The intensive dependence on the imported energy resources raised 

concerns about energy security during the 1950s. The government of the time initiated projects 

to meet the demand for electric ity by constructing massive power stations in the I 960s and 

1970s. The previous abundant electricity reserves are gradually getting exhausted. A major 

concern as viewed by Winkler and Marquand (2009) is that international standards currently 

rank the South Afr ican economy extreme ly energy intensive. 

Hameed and Khan (2016) say electricity is prime on the hierarchy among energy resources of 

priority for every modern economy. It is essential for an economy to generate and distribute a 

sufficient supply of electricity if sustainab le economic growth is to be attained (Kohler, 

20 I 3 :5) . Ojeaga (2014) states that issues about energy sustainabi lity shou ld be of paramount 

importance to every economy since it mostly determines the possibility of economic growth 

and productivity. Kohler (2013:5) alludes that the availability and re liabi lity of energy is an 

important determinant of economic productivity. Conceptualis ing energy security differ 

depending on the perspective taken, ranging from the international to regional, national to local , 

and also di ffer across stakeho lders such as industry, communities and individuals (Chester, 

20 I 0) . This paper views that, it is of core importance to evaluate the security of electricity 

supply in South Africa, considering recent low supplies caused by influential determinates to 

electric ity production and supply. 

5.1 Introduction to the problem 

Hedden (2015:7) agrees that South Africa ' s electricity demand currently exceeds supply. Von 

Keltehodt and Wocke (2008) note that if electr icity demands exceed supply, the cost and the 

unreliability of electricity supply increases. Hameed and Khan (2016) assert that an electricity 

grid is under siege if product ion potentials are not comparative to the constantly increasing 

demands of the industrial and domestic sectors. This paper seeks to call attention to the 

responsibility of supply security in the electri city market and to demonstrate the most effective 

parameters that can be incorporated as the standards fo r measuring the security of supply. 
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The problem in this paper relates to electricity security in South Aji-ica that is threatened by 

elements that significantly determine electricity production and supply. The increasing 

pressure of demand over supply reflects the unsustainability of over-reliance on coal 

technology reflecting a potential threat to future electricity security. The is a limited policy 

advancement towards significant electric ity security in South Africa. 

5.2 Literature review 

The follow ing section discusses energy security, South Africa's grid security and factors that 

have been considered as influencing variables. 

5.2.1 Energy Security 

Knox-Hayes et al. (2013) agree that security and reliability of energy have become increasingly 

important in energy policy debates, driving an agenda towards a change in energy systems. 

Chester (2010) notes that there has been little discussion of the notions which underpin the 

meaning of the term ' energy security '. As a result, it is often referred to as the threats to a 

continuous supply of energy resources , fa iling infrastructure and depletion of energy resources. 

Consequently, these risks lead to price hikes and shortages, initiating a negative impact on 

demand. Recently, researchers in the field of energy have been creating awareness on the 

dangers of poor energy security. Burgess and Nye (2008) agree that a diminished 'energy 

security' is primarily experienced through fuel deficiencies resulting in electricity cuts , as well 

as increases in the price for power. 

Glyn et al. (2014) conducted a study on the energy security of Ireland and revealed findings 

that Ireland's electricity grid is very vulnerab le due to: import dependency by 88 % of its energy 

requirement, it's limited energy mix and wobbly pricing. Glyn and others further forecast that 

Ireland will encounter possible disruptions in electric ity supply if strategic implementations are 

not estab lished soon enough. Demski et al. (2014) say in the United Kingdom (UK), there is a 

proposal from the general public for a change in the energy system that is so lely dependent on 

gas to more advanced 2 151 century energy generation technologies. High concerns regarding 

the dependence on foss il fuels, high imports of energy resources to more immed iate issues 

ranging from insufficient reserves to meet demand and price increases has relatively low 

concerns for poss ible disruptions to electricity supply. 

Reverting to electricity security, Rail lon (20 I 0:2) notes that there is no common definition of 

electricity supply security. Electricity supp ly security can be attributed to the capabi lity of an 

electricity grid in meeting up the electricity needs of final consumers with a defined quality 

155 



and at a transparent and cost-oriented price. In line with afore context, electricity security is 

the capability of an electrical system to supply electricity to consumers with a definite level of 

continuity and quality in a sustainable manner, according to generally acceptable delivery 

standards (Gabor & Lipponen, 2006:6). 

5.2.2 South African electricity grid security 

Clark et al. (2005 :29) maintain that the effective provision of electricity services to consumers 

significantly depends on price and supply re liability . Thus, security of electricity is threatened 

if the physical quantity of available electricity is insufficient and prices that are not affordable 

for consumers. Clark et al. (2005: 13) emphasise that assessing and improving on the security 

of supply to meet future demand has always been a primary agenda for power sectors reform 

in South Africa. Wilson and Adams (2006:5) note that the rate of growing insecurity of supply 

in the South African electricity industry is a major challenge to suppliers. Wilson and Adams 

allude that a major threat to supply security is the inadequate generation of required capacity 

that is secure enough to deliver power to all regions of the country. Ojeaga et al. (2014) 

extensively evaluate constraints to energy security ranging from the availability of natural 

resources for a generation, size of regions, regional temperature level, income, population 

density, cost of accessing energy, consumption demands both domestic and industrial and 

spend on technology. Threats that were identified as a matter of concern to energy security 

include; the cost of accessing energy, availability of natural resources for a generation, 

domestic and industrial electricity consumptions. 

In accord with ewberry and Eberhard (2008: I 0) neither the Department of Energy (DOE), 

Eskom nor National Energy Regulators South Africa (NERSA) has ever critically looked into 

the country ' s supply security nor set standards establishing a procedure for measuring 

electricity security in South Africa. Wilson and Adams (2006:6) state that, in the past, Eskom 

mostly utilised the criterion of determining the cost of unserved energy, which is assumed to 

represent the value to customers of system security. Previously, this approach has been widely 

used in most countries but is now recognised as not being an adequate basis for determining 

power system security. Wilson and Adams (2006:5) have the viewpoint that variables that 

impact on the reserve margin is probably the most appropr iate deterministic criterion to factors 

that pose a threat to the South African grid security. 

Determining the security of an electricity grid involves the complexity of assessing the proper 

functioning of its independence to its dependent factors. The focus of this paper is about factors 
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that cause a sign ificant interruption to electricity supply with a material consequence. There 

might be many aspects that affect the security of electricity supplies in South Africa. However, 

this paper focuses primarily on aspects of fossil fuel , supply price, consumption growth and 

depreciation on machinery. That is not to say other elements are inferior, but to specify that, 

after an extensive review of the literature, the mentioned variables s ignificantly determine the 

occurrence of a threat to the South Africa electricity grid. 

5.2.3 Coal energy 

Focusing mainly on coal electricity generation and not from all energy sources, in general, is 

because the energy sector is too diverse for comparative analys is. South Africa ' s electricity 

generation is 95 percent dependent on coal. An intensive investment in coal energy assets has 

historically been the country ' s electricity development path (Kohler, 2013:2). 

Antin (20 I 3 :6) posits that the South Afr ican mining industry seems well-established, but a 

closer inspection reveals severe productivity issues. Prevost (2003: 102) points out that the coal 

sector has reached its threshold and wil l soon experience stagnation. Coal production is at a 

recession as output and exports steadily decrease. Prevost alluded that 2020 is the ' target year ' 

when most coal factor ies might have shut-down and reserves will be close to attaining 

exhaustion. 

British Petroleum (BP) Statistical Review of World Energy (2005:3 0) version estimated South 

Africa ' s coal reserve is at 5.4% of the world 's total, matching up the Department of Minerals 

and Energy (DME) evaluation of31Metric Tons (Mt) by 2005. BP Statistical Review of World 

Energy (2016:30) state that the South Afr ican coal rese rves are constantly at a decrease, with 

current levels estimates at 3.4 % of the world's total. Fourie (2009:1) stated that, despite that 

the Waterberg coalfields are expected to cater for future crisis, it is dangerous to rely on, since 

estimates of its total quantity of resources are highly uncertain as it has been relatively under­

explored. Jeffrey (2005) and Fourie et al. (2009:28-29) maintain that the current estimations of 

the Waterberg fie lds predict low productivity. It is also endangered by some geological 

setbacks from past tectonic activities with no guarantee of effective exploitation of the 

Waterberg coal deposits. 

Baxter (2015: 19) points out that a decline in productivity adds to the headwinds of the industrial 

progress as a capital injection from activities such as coal exports dropped due to reduced 

volumes of production. Antin (2013:1) highlights that the mining industry has undergone a 

major unrest since the beginn ing of the 2008 global financial crisis, with workers inter-alia 
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demanding better wages. Antin posits that 2012 experienced a fast decreasing productivity 

prior to turmoil by mineworkers. Altman (2013 :6) notes that poor management of avai lable 

coal stocks adds to the challenges to attain ing coal adequacy fo r the electric ity industry . 

Ma yet et al. (2012:3 -4) view that Eskom believes it can use coal resources as a competitive 

advantage to improve production capacity failed to consider the implications of future coal 

prices. Prices of coal at present are on a constant increase and very unstable. There is 

anticipation that situations w ill get worse in the future. Mayet et al. (2012:4) says pricing is 

furthermore challenged by the competition of the Broken Hill Proprietary (BHP) Bi lli ton 

group, which controls the largest coal produced in South Africa. An estimated US$800 billion 

is required by Eskom to acquire Billiton coal depos its. A pricing agreement does not seem to 

entirely reflect the interests of the public as Eskom ' s agenda is towards protecting its monopoly 

as primary administrator to energy resources . In South Africa, coal prices are mostly a 25-30 

% of the electricity consumer price since coal price variations are highly reflected in the 

electricity production cost (lnglesi, 2010) . 

5.2.4 Consumer price of electricity 

Inglesi and Pouris (2014:1) say there have been continuous debates on whether increases in 

electricity tariffs will affect the energy sector and if it is necessary. Altman (2013 :6) maintains 

that there are similar consistent debates as to whether South Africa 's protocol for the consumer 

electricity price increase is effectively aligned to global standards. Kohler (2013 :5-6) states 

that South African electricity regulators technically determine electricity prices, instead of the 

forces of demand and supply in the market. Kohler further views that the absence of an 

appropriate pricing determination instrument is likely to cause imbalances in the demand and 

supply, particularly in cases when regulators are not well experienced in responding to market 

signals. Eskom (2012:5) states that the South Africa pricing technique fol lows a Mu lt i-Year 

Price Determination (MYPD), in which Es kom applies to NERSA for a periodic electricity 

price adjustment plan. Altman (2013:6) agrees that the electricity se lling price should reflect 

its full production cost. A lternatively, the ongoing proposals for multiple inflation type 

increases that are currently discouraging global investment in South Afr ica, is not rea listic. 

Thopil and Pouris (2013) performed an empirical research study of the state of electricity 

consumer price in South Africa and the fo llowing outcomes were ascertai ned: 

• The industrial sector is under-priced while the res idential sector suffers immensely from 

high percentage increases. This was questionable as to why price increases are not equally 

executed on both sectors considering that their benefits are not proportionate. 
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• Multi-Year Pricing Determination (MYPD) has been seriously criticised to be a non­

pragmatic pricing technique . MYPD has a history of unfairness traced from the prevailing 

electricity pricing inequality in South Africa. Thopil and Pouris suggest that a more 

appropriate standard that would ensure transparency in all sectors should be introduced. 

Mayet et al. (2012 :5) confirm Eskom agrees that the MYPD makes it too complicated to 

establish a 100% precise cross-subsidy plan from industrial to residential users. Such finding 

is proof enough to introduce a new tariff structure that will guarantee electricity accessibility 

to the poor. Ma yet et al. allude that Eskom 's decision to apply the MYPD approach, instead of 

exploring a more appropriate and reliable alternative can be attributed to Eskom ' s managerial 

convenience policies. 

Alternatively, literature points out that price is a very complex variable to conclude electricity 

tendencies in South Africa. Blignaut et al. (2014) conducted a comparative investigation to 

assess the elasticity of electricity price for years, 2002 to 2011 in South Africa. Outcomes from 

empirical research fo und a statistically insignificant elasticity for periods pre-2007 agreeing 

with over 90% of similar studies. Alternatively, post-2007 results were statistically significant 

across 9 out of 11 sampled sectors. Policy implications point out that tariff restructuring might 

influence future consumer behaviour and might be a significant threat to electrification 

potentials. lnglesi and Pouris (2014: 1) carried out a similar investigation evaluating the 

causality of price and income on electricity demand in South Africa with similar findings . 

Inglesi (2011) view that price is becoming relatively weaker over the years as a perfect 

explanatory variable for electricity consumption tendencies. A consensus regarding the 

significance of electricity price as a determinant to electricity tendencies in South Africa is 

currently in a dilemma due to conflicting findings from researchers. 

5.2.5 Consumption growth 

Marquard et al. (2008) note concerns on the implications of the steady increase in population 

growth. These increases result in roughly 350 000 new South African households per year. The 

annual growth in household formation is a primary challenge on the electricity grid . Hameed 

and Khan (2016) agree that there is a significant positive relationship between population 

growths, which consequently caused a drastic change in electricity consumption. The South 

African Energy Efficiency Report (2011 :2) points out that South Africa has high energy 

consumption per capita of 2.7 averages, compared to the regul ar global consumption of 1.8 
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average. Energy consumption between 1990 and 2002 increased by 1.1 percent year ly; after 

2002, increases have been at a very rapid rate of 4 percent yearly. 

Kohler (2013 :2) highlights that there has been a constant growth in electricity consumption and 

intensity in South Africa from 1971 , implying that the South African electricity efficiency 

instruments are not implemented effectively based on the required international standards. 

Inglesi and Blignaut (2011 :4) maintain that the constant increase in grid electricity 

consumption in South Africa is prior to major transformation programmes. Accord ing to 

Kohler (2013 :2), electricity transfonnation programmes such as historically low prices initiated 

a substantially low electricity efficiency env ironment relative to other countries. Winkler and 

Marquand (2009) say electricity efficiency implementation in the industrial sector is still 

significantly poor and considerably lower than global averages. 

Hedden (2015:5) says the Council for Scientific and Industrial Research (CSIR) modelled and 

forecast that the energy intens ity of the South African economy will decrease over time. The 

underlying logic behind the model assumption is on the basis that South Africa is transitioning 

away from energy-intense industries to a more serv ice-oriented economy. Hedden disagrees 

that it is not completely factual since as the country demands for electricity increases as well. 

This means that, even if the energy intensity of the country decreases, the size of the economy 

is also growing the overall energy consumption. 

5.3 Research methodology 

The research methodology of this paper was a quantitative research design. A quantitative 

design was the most appropriate approach because analyses had to take account of occurrences 

of behaviour between tested variables and to record correct answers and errors in quantity. The 

research technique was the multiple time series approach. Schmidheiny (2016:2) defines a 

multiple linear regression models as a linear relationship between a dependent variable Yt and 

a set of explanatory variables x. According to Mo hod (2012) the independent variable is the 

variable which researchers measure while the dependent variable is the assumed effect. Data 

for the empirical investigation was collected from secondary sources. A ll data was retrieved 

from Quantec South Africa. The data gathering process involved obtaining time series data of 

sampled variables. Data was categorised into 1 dependent variable ( electricity production) and 

4 independent variab les ( electr icity price, coal price, coal production, electr icity consumption 

and depreciation of machinery). 
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Empirical research was affected by the non-availability of data for depreciation of machinery 

as scheduled to be part of the empirical research. The factor was eliminated from the empirical 

research since even an appropriate proxy could not be ascertained. Data freq uency was all on 

a quarterly basis for both the dependent and the independent variables. The study period was 

considered from the first quarter of 1998 to the last quarter of 2015. All variables produced 68 

individual observations. The only exception was the electricity price with an observation of 63 

since there was no data avai lable from the first quarter of 1998 to the last quarter of 2002. 

Information obtained was used to determine regressions' effects of the dependents over the 

independent variable. The dependent variable (electricity production) was measuring the 

electricity supply security such as disruptions should production decline (grid reliability). The 

independent variables measured the impact on electr icity production. The total number of 

observation occurrences accumulate to 4 71 . 

5.3.1 Hypotheses 

The hypothesis is a good guess at the best answer to a question, based on the most reliab le facts 

available (Chesterman, 2008 :10). Bulajic et al. (2012) assert that a hypothesis condenses the 

general focus of empirical research to aid research framework or model. A hypothesis is mostly 

designed to prove false than prove true because it is not possible to test all the viable 

combinations and conditions that a hypothesis can cover (Bulajic et al., 2012). Levine et al. 

(2008) agree that testing the significance of the null hypothesis is the most common method 

that is applied to a statistical inference research. To deve lop an effective and applicab le model 

for the empirical research, hypotheses were developed to guide model construction by the 

following assumptions: 

1: If the production of coal decreases, electricity supply capacity wil l decrease . 

2: If electricity prices increase, electricity supply capacity will increase. 

3: If coal price increases, electricity supply capacity will decrease. 

4: If the increase in consumption is not relative to production, supply capacity will decrease . 

5.3.2 Model specification 

The Ordinary Least Square (OLS) model was emp loyed in performing linear regressions. 

Varmuza and Filmer (2009: 124) state that multiple linear regressions can utilise the OLS 

model. A multiple OLS model is denoted as follows: 

},; =/Jo+ /31X1t + f32X2, + /33X3t + /34X4t + Et (Formula 5.1) 

Concerning formu la (5 .1) indications represented are as follows: 
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~ = Dependent variable. 

P0 = The intercept of the equation. 

/J1_4 = The s lope coefficient of the independent variab les. 

x = The independent variab le that is used to predict the dependent variable. 
lf-41 

£, = The error term. 

The slopes all convey information about the conditioned association between an independent 

variable and the dependent variable. Condit ioned association, for instance, means: JJ., is the 

association between x
1 

and .Y, holding x
2 

- X
4 

constant. 

The model specification (causality between the dependent variable to independent variables) 

of this paper was then equated as: 

Concerning form ula (1 .2) indications represented are as follows: 

EPV = Electricity Production Volumes. 

EPR= Electricity consumer price. 

CV = Coal production volumes. 

CP= Coal price. 

EC! = Electricity consumption intensity. 

P0 = The intercept of the equation. 

/J1to/J4 = The s lope coefficient of the independent variables . 

(Formula 5.2) 

c = The error term or wh ite noise. The error term includes other variables that can also 

influence on EPV. 

t= The sampled period . 

The OLS was seen to be the best suited and most robust model specification in acquiring the 

objective of this paper. 
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5.4 Analyses and discussion 

The multiple time series was the analytical approach used in this paper. Varmuza and Filmoser 

(2009: 124) state that a multip le linear regression time series measures a single Y variable with 

several X variables. A multiple time series analysis was superlative in conducting the research 

analysis as it simu ltaneous ly considers the dependent variable to a range of possible 

independent variab les that can significantly affect the dependent variable. It was the most 

appropriate technique to effectively attain a reliable outcome to the objective of this paper. 

Neuman (2014:421) states that a very important element of the multiple regression is that it has 

been recognised by most time series researchers, as an effective approach in confirming the 

accuracy predictions between the independent or control variables over the dependent variable 

through the R-Squared. 

The objective was to assess the level to which significant electricity production determinants 

are increasingly negatively affecting electricity security of supply in South Africa. Because al I 

variables had their measurement, they had to be logged to make them al l similar to avoid 

permeability. To draw an applicable and re liable conclusion to assumed hypotheses, different 

time series regression tests were performed. Tests were performed in a systematic order as 

follows: unit root tests, model estimation tests, Jansen co-integration, Granger causality and 

the diagnostic tests . A summary of tests conducted is reflected in Table 5.1. 

Table 5.1 Regression tests 

Test Categories Test type 
Unit root test Phillip Peron(PP) 

Augmented Ducker fu ller (ADF) 

Estimations OLS estimation 

Residual test for co-integration 
Error Correction Term (ECT) 
Causality 

Diagnostic tests Serial correlation 
Normality 
Heteroscedasticity 
Stability test 

Results were interpreted accord ing to the outcomes from regress ions. Results were accurately 

interpreted to avoid any possibility of fa llacy in the analysis. All the time series data tests as 

indicated were done strictly and all procedures fol lowed. The p-value is the most important 

element from regression results . This is because it determines the probability of whether the 

null or the alternative hypothesis is to be rejected or not. Performed tests seek fo r a p-value 
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<0.05 in order not to reject the null hypothesis. Likew ise, the alternative hypothesis is accepted 

if the p-value is >0.05. The rule is different for the normality and serial correlation and the 

heteroscedasticity tests (diagnostic tests). The diagnostic tests require a p-value >0.05 to 

establish that regression residuals are normally distributed and not serially correlated. 

Alternatively, residuals are considered to be abnormal distributed and serial correlated if results 

are <0.05. The p-values are marked as [ *], [* *] and[***] to denote significance levels at 10%, 

5% and 1 % respectively. It should also be noted that results were rounded up to three decimals . 

It should be noted that in the analysis process, sampled series were given individual codes to 

be able to identify variab les during the analysis (See model specification or appendix 1 ) . 

5.4.1 Unit root tests 

According to Westerlund and Breitung (2013) , a standard econometric empirical research 

requires testing the stationarity of data. A unit root test was conducted for a ll independent and 

dependent variables separately to determine their stationari ty . The focus unit root test in this 

paper was the PP and the ADF tests. Augmented Dickey-Fuller (1981) mode lled a protocol for 

testing stationarity by utilising logarithm ic series at the 1st difference, denoted as: 

The following hypotheses are assumed fo r the ADF unit root test: 

H1 : Ly is non stationary against the 

H0 : Ly is stationary 

(Formula 5.3) 

Bento (2011 :3) says the ADF has the potential to overcome the problem of autocorrelation 

frequently found in time series modelling. ADF was estimated at no intercept or trend . 

However, the ADF has encountered some insignificant criticisms. The PP was also utilised to 

establish reliability that, data are stationary. 

Phillips and Peron (1988) modelled a nonparametric approach to testing unit root for a wide 

range of data. This test uses fitted drift and time trend to determine between unit root 

stationarity and non-stationary in a mode l. The PP is conduct based on the following model : 

Let {ye} be a time series generated by: 

Yt = a'.Yt-1 + Ut (t = 1,2 ... .) (Fonn ula 5.4) 

a= l 

Castro et al. (2013 :3) says the PP and the ADF differ as the ADF perform stationarity on 

residuals free of serial corre lati on. Alternatively to the ADF, the PP is utilised on models with 
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weakly dependent errors. It was important to establ ish if the tested data series were stationary 

or non-stationary. It was important to utilise stationary data in the estimation of models to avoid 

spurious regressions. Spurious regressions lead to spur ious results that are misleading in terms 

of inferences drawn. Results from unit root test are presented in Tab le 5.2 

Table 5.2 Unit root test 

Variables ADF P-Values PPP-Values Conclusion 
CP 0.0000*** 0.0000*** Ho is rejected 

CV 0.0001 *** 0.0001 *** Ho is rejected 

ECI 0.0283** 0.0001 *** Ho is rejected 

EPV 0.0062*** 0.0001 *** Ho is rejected 

EPR 0.0000*** 0.0000*** Hn is rejected 

Both the ADF and PP tests were conducted on each series. All conduct unit root test produced 

a stationary outcome at the 1st difference. The p-values from all series were below 0.05 . The p­

value results in the various unit root tests for all ser ies confirmed positive at a I% level of 

significance. Thus, the null hypothesis that data are autoregressive (non-stationary) for each 

series against the alternative that each series is stationary was accepted. 

5.4.2 Ordinary Least Square estimation 

The OLS estimation test is a test for co- integration 111 the OLS model. The independent 

variables Coal Price (CP), Coal Volume (CV), Electric ity Consumption Intensity (ECI) and 

Electricity Consumption Price (EPR) were tested over the dependent variable Electricity 

Production Volumes (EPV) to establish if the independent variables can influence the 

dependent variable. Bento (2011 :3) points out that stationarity of data is the only requirement 

to implement an OLS regress ion method . 

Table 5.3 Ordinary least square estimations 

Variables t-statistics P-value Conclusion 
CP 19.67969 0. 0000*** H0 is accepted 

CV 3.001454 0.0042*** H0 is accepted 

ECI 2. 086586 0.04 19* H0 is accepted 

EPR -2.278119 0.0269* Hn is accepted 

The outcome from regression reflects that a significant relationship exists between all the 

independent variables with the dependent variable. The results reflect that the hypotheses and 

model specification used in the investigation of the prob lem of the empir ical research is 

reliable. Outcomes from all independent variables produced a p-val ue results <0.05, with all 

series reflecting a positive outcome at a 1 % level of significance. The regression analysis 

further confirmed reliabi lity by obtaining a 97% R-squared. The resu lts from the price of 
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electricity reflect similarly to outcomes of Blignaut et al. (2014) and Inglesi (2011). The 

outcome from price was significant, confirming that price elasticity of electricity in South is 

becoming increasingly lower through the years and can consequently affect future electricity 

potential as consumers become very alert to the pricing of electricity. 

5.4.3 Co-integration 

On this paper, co-integration was performed through the Engle Granger OLS non-stationarity 

tests . Ssekuma (2011 :3) views that, it is faulty for econometric to accept differencing of OLS 

series during unit root. It causes a material influence by reducing non-stationary series to 

stationary as opposed to if tested at levels. Engle and Granger (1987) point out that stationarity 

is precise when no deterministic component is attached to perform stationarity on a data series. 

Engle and Granger proposed a method which involved performing the ADF test from OLS 

estimation residuals. 

Testing for co-integration on this Engle-Granger approach involved performing the ADF tests 

on OLS estimation residuals at levels, with the MacKinnon critical values adjusted on variables 

to determined stationarity. The co-integration approach evaluates if u. is stationary. If 

stationarity exists, the OLS estimator is said to be co-integrated. This approach for co­

integration assumed the following expression: 

(Formula 5.5) 

Table 5.4 Engle-Granger ordinary least square co-integration test 

t-Statis tic P value Conclusion 
ADF test statistic -4.907166 0.0002*** Hn is rejected 
Test critical values 1% levels -3.555023 

5% levels -2.915522 
10% levels -2.595565 

ADF estimation obtains a p-value of 0.0002 and at-statistic of -4 .907166. Results reflect that 

the independent variable and the dependent variable are highly co-integrated . This implies that 

there is long-term relationship between the dependent and the independent variables . 

5.4.4 Engle Granger "Error Correction Term" (ECT) 

Engle and Granger (1987) point out that if two variab les y and x are co-integrated , the error 

correction term should be defined between the co-integrating variables. Co-integration and 

ECM verify if a long- run and short-run relationship exist between variables respectively. An 

elementary ECT model is as follows : 

(Formula 5.6) 
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The generated res idual series derived fro m the the s imple O LS co-integration estimation are 

lagged to act as the ECT. T he ECT, which is a symbol as u,-1, is expressed as (y1_1 - X1_1) . 

The ECT is only statistically s ignificant when the coeffici ent is a negative and the p-value is 

<0.05 . The ECT measures reverse rate of adjustment to equilibrium fo llowing an exogenous 
\ 

shock. 

Table 5.5 Error Correction Term results 

Coefficient t-s ta tis tics P value 
-0.442332 3.523 11 7 0.0009*** 

Error correction was estimated to present short-term dynam ics that exist between influenc ing 

factors and the grid . Results from the ECT regressor refl ect that the mode l is balanced. The 

ECT coeffic ient was fo und to be negat ive (-0.442332) and statistically s igni ficant w ith a p­

value of 0.0009. T he result refl ects that the speed of adjustment on any shock by the dependent 

variables on the independent variables w ill be approximate ly 44%. This indicates that over 

44% of the disequilibrium in the previous quarter is adjusted to the ir long-run equi librium in 

the current quarter. 

Table 5.6 Causality test 

Null hypothesis F-Statistic P-Value Conclusion 
ECI does not granger cause EPV 3.08677 0.0524* Hn is re jected 
CV does not granger cause EPV 4. 11 640 0.0207** Hn is re jected 
CP does not granger cause EPV 1.83 146 0.0583* Hn is re jected 
EPR does not granger cause EPV 10. 1456 0.0002*** Hn is re jected 

Afte r the OLS estimation, a uni -latera l causality test was conducted to establish if the 

independent variables granger causes the dependent variables. H0(Null hypothes is) assum ed 

that the independent variables do not granger cause or impact the dependent variable. 

Regress ion outcome from EC I, CV, CP and EPR rejected H0 with the aforement ioned variables 

producing p-value resul ts <0.05. Thus, independent variab les, EC!, CV, C P, EPR, test 

signifi cance to have an impact on EPV. 

5.4.5 Diagnostic test 

Dalla et al. (201 5: 1) state that it is customary to perform a diagnostic assessment to pro perti es 

from data used fo r empirical research in ti me series modelling. Brooks (2009 :43) brings to light 

that the diagnostic tests seek to assess the degree of fairness fro m regress ion outcomes. T hese 

tests req uire p-va lues >0.05 to be considered s ignificant. 
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5.4.5.1 Normality test 

The Jarque-Bera (J-B) test was used in testing for normality. According to Brooks (2008:57) 

the J-B estimate normality through the skewness and Kurtosis statistics. The J-B assumes that 

the null hypothesis is normally distributed against the alternative hypothesis that other 

distributions are present. Referring to Cameron (2005:238), the J-B test combines the skewness 

and the kurtosis according to the following formula: 

(Formu la 5.7) 

Cameron elaborated on the equation, n is the sample size, S the skewness and K the kurtosis . 

If skewness s lopes to the right or the left, then the distribution is not normally distributed. 

Kurtosis measures how steeply values are rising to the most likely value in the distribution 

curve. According to Gujarati (2004: 148) under the J-B test, if the computed p-value is 

sufficiently low, the alternative hypothesis should be accepted that residuals are not normally 

distributed. Alternatively, if p-values are reasonably high, the normality assumption is not 

rejected. 

5.4.5.2 Serial correlation 

The Serial correlation test provides evidence if error term values within samp led periods are 

systematically dependent (Studenmund 20 11 :304) . Baltagi (2008:92) warns that is biased in 

ignoring serial correlation if detected in analysed data. Regression will provide required but 

unethical estimates if serial correlation is detected and ignored . The Corre lo gram test was used 

in detecting serial correlation among data series. Referring to Nopiah et al. (20 I 0) the 

Correlogram test, aim at sensing the presence of seria l correlation in a specified order in the 

autocorrelation tested lags. Gujarati and Porter (2009:434) highlight that the advantage of the 

Correlogram test is that it detects the presence of higher-order serial correlation. 

Hypotheses developed in testing for serial correlation are: 

H0 : p= 0and H1 :p -::t- 0. 

The hypothesis H0 denotes that no serial correlation exists while the alternative, H1 , on the 

other hand assumed that there was serial correlation. Data were tested for serial corre lation 

because in general, econometrics established the OLS is commonly inconsistent in the presence 

of lagged dependent variables and serially correlated errors. Even though Wooldridge 

(2006:415) holds that most of such assumpt ions are false , it was necessary to test for serial 

correlation to prove the precision of coeffic ient estimates. 
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5.4.5.3 Heteroscedasticity 

Wooldridge (2009:278) states that the test for heteroscedasticity investigates whether or not 

heterogeneity exists among estimates. Baltagi (2005:99) elaborates that the test assumes that 

disturbances from regressions are homoscedastic with the same variance across time and 

individuals. 

In this paper, the White 's cross section and the Arch tests were used . Studenmund (2011 :350) 

says the White test detects the heteroscedasticity by considering the squared residuals as the 

dependent variable when performing regression. The fo llowing hypotheses were developed : 

H0 :al =CJ (the null hypothesis assuming homoscedastic errors) and 

H1 : not equal/or all t, (the alternative hypothesis assum ing heteroscedastic errors). 

In agreement w ith Asteriou (2011: 127), the White's cross-section test was employed in this 

study because it does not assume any determination of heteroscedasticity. 

Table 5.7 Diagnostic tests results 

Test Measurement Hypothesis P-valucs Conclusion 
Ho: all t is normally Errors were 
distributed normally 

ormality Jarque-Bera 0.8382 distributed. 
H1: not all { is 
normally distributed 

Correlogram H0 : p= 0 Serial correlation 
Serial corre lation test at 0.15 was not detected 

(151 difference) H1 : p * 0 
The white and Arch 

White 's test Ho : CJ? =CJ 0.0690 test reflects that 
Heteroscedasticity series are 

H0 : not equal/or all t homoscedastic. 
Arch test 0.1330 

All series acquired a p-value >0.05 for the normality, serial correlat ion and heteroscedasticity 

tests respectively. Thus, diagnostic results acquired a positive significance for tested series. 

5.4.5.4 Stability test 

Brown et al. ( 1975), developed the recursive stability test for OLS models under the fo llowing 

parameter: 

(Formula 5.8) 
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where, Yt is the observation on the dependent variable, Xt , is a K x I column vector of non­

stochastic repressors, bt, is a K x I vector of regress ion coefficients, ut, is a disturbance term , 

with mean zero and variance CJ?. 

Farhani (2012) alludes that the recursive va lue also estimates the leve l of stability significance 

at a 5% critical line benchmark. The test is referred to as the Cum ulative Sum (CUSUM) of 

squares test, and it uses the sum of squared recursive residuals, as reflected by an estimation 

graph. It tests the null hypothesis under the assumption that the dependent variable "sm" 

fo llows a Beta distri bution with a mean, equals to independent parameters, E (sm ) = 

[(m - K) / (T - K)]. 

The OLS recursive stabi lity test assumes a negative resu lt if the constructed forecasting model 

is stable over the sample period and remain stable over the forecast period. If the model ' s 

parameters are different during the forecast period than the sample period, the model estimation 

will be viewed as irrelevant regardless of how perfectly it was estimated . 

. 03 ~ ---------------------------------~ 

- . 03 -+-~~-~.--,-~~~~· r~~~-~~~~~~ , - 1--.-r-----.----,~~,-. , , 
03 04 05 06 07 OB 09 10 1 1 12 13 

I -- Recursive Re s iduals ----· ± 2 S . E . I 

Figure 5.1 Recursive residual test 

Figure 5.1 reflects the recursive residual test. It is evident that none of the model ' s parameters 

changed at one or more points in the sample period. Results reflect that the regression model 

is stable over time because as t increases the recursive parameter estimates stabilise at level. A 

conclusion can be made that the stability ofCP, CY, EPR and EC! is of crucial importance for 

consistent electricity supply. 
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Figure 5.2 The CUSUM estimation test 

Figure 5.2 reflects the significance level of the CU SUM estimation. The CU SUM test falls 

within the accepted critical value of 5%. Results reflect that the model parameters are stable 

over the tested time periods. 

5.5 Conclusion 

The empirical research of this paper was assessing the sustainability of the electricity grid in 

meeting the pressure of current and future demand. Yon Keltehodt and Wocke (2008) note that 

if electricity demands exceed supply, the unreliability of electricity supply increases. 

This paper has provided reliable evidence of the significant threats to the electricity security in 

South Africa. The Engle-Granger co-integration test concurs that both the short and long-term 

relationship between the dependent variab le and the independent variables. Stability tests 

confirm that the tested independent variables, electricity price, coal price, coal volume and 

increase in grid consumption have a consistent pattern to the dependent variable. Causali ty test 

also confirms that the independent variables can cause an impact on the dependent variable. 

This has a direct consequence on electricity supply in general because as production falls , 

supply is adversely affected in high proportions . Hameed and Khan (2016) assert that an 

electricity grid is under siege if production potentials are not comparative to the constantly 

increasing demands of the industrial and domestic sectors. Thus, Clark et al. (2005:29) concur 

the security of electricity is threatened if the physical quantity of available electric ity is 

insufficient for consumers. Considering that South Africa is an energy-intensive economy, 

developing sustainable electrical energy frameworks should be a major element for strateg ic 

policymakers. 
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5.6 Final statement 

The raison d 'etre behind this article was to encourage research on electricity security and to 

recommend applicable policy guidelines in attaining a secure electricity environment in South 

Africa. It is acknowledged that initiative programmes have been established to ensure the 

security of electricity supply in South Africa. However, initiatives are still to be effectively 

prioritised and applied. Policy makers are still to develop reliable and applicable dynamic 

parameters towards electricity security in South Africa. Current efforts show that the focus has 

been on coal generation, which has proven to be unsustainable. South Africa should explore 

new sustainable and energy efficient techno logy generation sources such as renewable energies 

with more security potentials compared to other sources. Electricity security can be attributed 

to the capability of an electricity grid in meeting up the electricity needs of final consumers 

(Raillon, 2010:2). Energy security will turn around the negative social and economic 

development in South Africa. Energy strategies should consider renewable energy as the most 

effective option for future South Africa electr icity needs and energy systems advancement. 
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CHAPTER SIX 

RECOMMENDATIONS AND CONCLUSION 

6. I TRODUCTION 

By 2007/2008 electricity inconsistency had become com mon in the South African environment 

with serious impact on domestic living standards and industrial growth. There is a general 

concern about electricity security in South Africa as load shedding is still experienced in most 

parts of the country. The effects of electric ity inadequacy have a far-reaching effect on the 

economy in general as economic growth has been greatly affected. Implemented policy 

frameworks to advance the energy system and the electricity grid have not attained desired 

targets due to non-prioritization of an integrated management approach that shall assess the 

challenges of the grid as an SOS. It is acknowledged that researchers have conducted empirical 

researchers into the electricity shenanigans in South Africa. However, this study is unique, as 

no study has attempted to examine the scope applied in this study critical ly. The empirical 

research assessments examined the following: electricity crisis, incons istency, adequacy, 

emission and efficiency which constitute the foundation for the advancement and solutions to 

the challenges of an energy system and electricity grid such as that in South Africa. 

To achieve the core objective of this study, designi ng an integrated strategic management 

framework with capabilities for electricity adequacy in South Africa, the following sub­

objectives were considered: 

• Investigating the strategic management fai lures pertaining to the ongoing electricity crisis 

in South Africa. 

• Assessing the impacts of the low electricity supply on the South African domestic sector 

and resulting consumption behaviour. 

• Evaluating the effect of inadequate industrial electrical power supply on industrial growth 

in South Africa. 

• Determining the electricity security by ana lysing significant determinants to the re liability 

of the grid. 

The objectives were addressed through re levant articles. Addressing these objectives through 

an article approach provided an opportunity to formu late a conceptual framework that would 

reliably contribute to the advancement of the South African electricity system. The framework 
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has integrated the results of the emp irical research to provide reliable and applicable steps that 

would need to be fo llowed to ensure electricity adequacy and advancement in South Afr ica. 

6.1 Investigating the strategic management failures relating to an electricity crisis in 

South (Article 1) 

This objective (artic le I) primarily focused on the assessment of strategic management and 

integrated strategic management of the e lectricity system in South Afr ica. The empirical 

research utilised a qualitative content analys is. Find ings were generated from a reliable existing 

literature review on the low electricity supply in South Africa. The empi rical research 

considered two main categorical concepts with themes under each category. 

Category concept 1: The impact of strategic management failures to low electricity supply 

in South Africa . This category considered the fo llowing themes: Demand and supply 

estimation, Department of Energy White paper of 1998, strategic renewal, Eskom coal supply 

decision and administrative effectiveness. 

Category concept 2: Assessing challenges to low electricity supply from an integrated 

perspective. The category addressed causes of low electricity suppl y from an integrated 

management perspective. This section was aimed at bringing to light the fact that an e lectricity 

grid is a complex network consisting of large-scale inter-discip linary problems requiring 

heterogeneous solutions. Themes discussed in this section include human resources, policy 

regulation, a public-private partnership, environmental concerns on emission, asset 

management, demand-side management and research and deve lopment. 

The empirical research revealed that strategic management failures and the lack of an integrated 

strategic management approach had been major stumbling blocks to averting energy crises in 

South Africa. Thus, it is important for policy developers to prioritise strategic management and 

a multi-factor approach in assessing the challenges of the South Africa, unlike the current 

philosophy of strictly technological investments. 

The significance of the empirical research: The article creates awareness about the 

importance of v iew ing the causes and so lutions towards solving the current electricity crisis 

from an integrated strategic management perspective. 
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6.2 Consequences of inconsistent electricity supply on the South African domestic sector 

and related consumption behaviours (Article 2) 

This objective (article 2) was to address electricity access the effects of electricity inconsistency 

on the living standards of the domestic sector. Electrical energy is a primary factor for social 

development in an economy. Challenges to electricity supply affect the quality of life of the 

domestic sector. The empirical research was quantitative and was conducted on the low-income 

and high-income bracket households in the economy by applying a purposive quota sampling 

technique targeting residential environments from both income groups in cities in Gauteng and 

North West provinces. The empirical research was aimed at bringing to light the ineffectiveness 

of electricity access and to demonstrate how electricity inconsistency affects the quality of life 

of South Africans. The empirical research also investigated the current electricity consumption 

tendencies in the domestic sector. Determining the pattern in which e lectr icity is consumed by 

the population ultimately provides advice for policy offic ials on developing reliable strategies 

towards domestic sector efficiency. 

The empirical research was structured into three principal sections : Electric ity supp ly and 

inconsistency and consumption behaviour. Conclusions from the two sections were drawn as 

follows: 

Electricity supply and inconsistency: This section considered the fo llowing factors to 

develop a reliable contribution on a Likert and dichotomous scale questions: Supply 

sufficiency, serv ice quality, health risk and cost reliab ility. 

Consumption behaviour: This section considered a Likert scale energy saving factor, the 

usage rate of domestic energy intensive appliances and the use of alternative sources of energy 

for domestic households. 

The empirical research reflects that electricity inconsistency has led to supply insufficiency, 

poor service quality, cost unreliability and health risks. Results also reflect that participants 

practice energy-saving activities to some extent. Results also reflect that energy- intensive 

appliances are used more, and there are severe limitations towards the efficient use of energy­

intensive appliances. 

The significance of the empirical research: The empirical research has contributed towards 

identifying the impact of electricity inconsistency across the different income groups in the 

South African society. It has also identified important domestic consumer tendencies that 
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should inform policy developers on important elements to prioritise in deve loping policies 

towards obtaining e lectricity effic iency in the domestic sector. 

6.3 The effects of the inadequate electrical power supply on industrial growth in South 

Africa (Article 3) 

The objective (article 3) addressed the effects of the inadequate e lectrical power supply on 

industria l growth in South Africa. The ind ustrial sector uses electr ical energy as a primary input 

for powering production technologies and activities. C urren tly, in South Africa, the business 

environment is fraught with uncertainties in e lectricity supply as industries continue to 

experience a shortfall in supply capac ity. The effects of electricity supply and demand 

inconsistency for industries are also felt in the economy as the industria l sector is a principal 

sector towards attaining advancement in economic growth . 

A quantitative des ign was employed. The empirical research used a purpos ive-quota sampling 

to target the three main industries that have been fun damental to the industrial growth in South 

Africa after 1994 (mining, serv ice and manufact uring industr ies). Comparisons were made 

between business categories from sampled industries as well as the different bus iness industrial 

classifications (SMMLES). Even though the empirical research was investigati ng the effects 

of low indu trial power supply on industrial growth; the empir ical investigation also assessed 

electricity mitigation and intensity contro l in the industr ial sector. The empirical research main 

sections and factors are as fo llows : 

Electricity supply and industrial growth : This sect ion cons idered the following factors 

towards achieving a reliable outcome throu gh Likert scale questions: the importance of 

electrical energy, supply sufficiency, operational vu lnerabilities and bus iness performance. 

Mitigation control: This section used Likert sca le questions in assessing participants 

understand and implementations of mitigat ion strategies to enabl e the non-interruption of 

production and business activities due to low, poor supplies. 

Intensity control: This section used a Likert scale and dichotomous questions in assessing 

intensity control policies by administrators and effic iency practices by organisations towards 

obtaining an industrial e lectricity effic ient environment. 

Findings reflect that the low supply of electrical power to the industrial sector is affecting 

industrial growth. However, there is var iability between energy intens ive and less energy­

intensive industries . Results also reflect that there is a genera l concern in the industrial sector 
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on the electricity securi ty in the South African business environment. It was also shown that 

there is the limited implementation of mitigation policies. Smaller businesses with li mited 

resources struggle to implement mitigation strategies compared to larger bus inesses. Res ults 

also reflect that there is limited prioritisation in the implementation of intensity control 

programmes by administrators, especial ly on low-energy demand bus inesses. Industries tend 

towards negative on intensity control and efficiency practices even on industrial operations 

with emission implications. 

The significance of the empirical research: The empirical research analysed the relationship 

between e lectrical energy and industrial competitiveness in South Africa. The finding have 

contributed enormous ly on advising the public sector to note that negligence on stabilising 

electricity supply and demand for the industrial sector consequently has a massive impact on 

the economy in general. The empirical research a lso created awareness on the uncertainty 

surrounding electricity security in the South African business envi ronment and the need for 

industries to establish standby power sources to ensure the continuity of industrial activities 

when inconsistency occurs. 

6.4 Determining the electricity security by analysing significant determinants to the 

reliability of the grid (Article 4) 

The objective was aimed at assessing the e lectricity security in South Africa by analysing 

significant determinants to the grid reliability and to project future implications if measures are 

not implemented . Electricity security is currently the fundamental concern of utilities around 

the world. Insecurities in the e lectricity system directly threaten the future capacity of the grid . 

It is important to attain a secure electricity envi ronment as it leads to supp ly confidence and 

economic growth. 

The empirical research was quantitative and employed a multiple time ser ies approach. The 

Engle-Granger OLS technique was utilised in runn ing a regression between the dependent and 

independent variables . The dependent variable is electricity production in GW, and the 

independent variables are coal volume, coal price, electricity consumption and electricity price. 

Depreciation of electricity machinery was a lso considered to be a s ign ificant determinant, but 

could not be included in the empirical research due to unreliable data. 

The empirical outcome reflects that co-integration exists between the dependent and the 

independent variables. It was a lso found that there is causality between the dependent and the 

independent variables . 
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The significance of the empirical research: The empirical research conducted estimations to 

project future relations to establish the sustainability of the grid in the short and long-run . The 

findings identified the primary elements to consider for improving electricity security 

potentials in South Africa. 

6.5 An integrated strategic management system fra mework for electricity adequacy in 

South Africa 

The main objective of this study was to design an integrated strategic management system 

framework with capabil ities for ensuring electricity adequacy and advancement in South 

Africa. The design of the framework considered a systematic and coherent approach from its 

development stage to its finalisation to ensure an effective model construction . According to 

Sinclair (2007), the construction of a theoretical framework commences with reviewing 

existing literature to identify relevant theor ies that guide the framework development. This is 

important as it assists in constructing fundamental questions that describe and propose potential 

relationships links of factors in the em pirical research to reflect a solid outcome for the 

modelling tentative ly. 

Sinclair (2007) outlined that in selecting an effective theory to guide the development of a 

robust framework, researchers should consider the fol lowing fundamentals questions : 

• What are the relevant aspects of the phenomenon of the study? 

• What types of knowledge are available on the phenomenon (empirical, non-empirical)? 

• What theory best guides the development of a practical system? 

• Is the des ign backed by theory-linked research? 

• What are alternative relevant theories to the phenomenon? 

• How can the theory be app lied in empirical findings? 

The main agenda answers the question of what could be an effective, applicable and reliable 

integrated strategic management model to d irect the development of a concrete electric ity 

adequacy framework in South Africa. After a coherent assessment of the recommended 

question by Sinclair, the Energy Trilemma reflected to be the most effective tool to gear the 

construction of a reliab le and practical framework. As already discussed in detail in Chapter 

one, the energy trilemma is recommended by the WEC with proposed parameters that should 

underpin developmental direction for electricity systems studies. The W EC argues that the 

trilemma is a fundamental tool for countries to utilise as a parameter for integrated strategic 

assessment of challenges and solutions to electricity systems. 
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6.5.1 Relevance of the framework 

After a thorough review of existi ng empirical research on electricity policy frameworks in 

South Africa, there was no research found to have explored parameters within the scope of this 

study. A detailed evaluation of the current implemented integrated strategic policies in South 

Africa has been elaborated upon in Chapter one. Major concerns are the following: 

• The modelling of a strategic plan for future electricity advancement has not considered a 

comprehensive and detailed integrated analysis of South African energy needs. 

• Policies do not quite match the current energy realities towards a sustainable and 

environmentally friendly production and usage of energy. 

• The nature of a national energy system is very complex, and the lack of a systems approach 

to implemented policy frameworks has resulted in limited rewards in the progress of the 

South African electricity system. 

According to Laitner (2007 :3-4), the scope of energy systems analysis has been significantly 

limited to technological dimensions hindering the prevalence of comprehensive, integrated 

approaches. Technological dimensions do not appropriately app ly to the real world realities of 

energy needs because it does not identify humans as active energy users . Integrated models 

further advance knowledge on energy systems compared to technical models as it considers 

human decisions regarding energy usage (Farsi & Pachauri , 2007 and Gundimeda & Kohlin , 

2008). The designed framework is capable of overcoming identified loopholes on policy 

implementation aimed towards e lectricity adequacy and advancement in South Africa. Its 

parameters effectively provide policy developers with important considerations for both short 

and long-term electricity policy implementation . The framework practically reflects the 

direction of electricity policy priorities in South Africa. An integrated strategic management 

framework with capacity for electricity adequacy in South Africa is diagram matically reflected 

in figure 6. 1. 
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6.5.2 The Integrated qualities of the framework to final model 

The holistic approach of the study brings together all fundamental aspects of e lectricity adequacy in South Africa. The systems are practical and 

inter-related. To analyze the integrated nature of the framewo rk, a more simpl ified version is provided in figure 6.2. 
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The structure is a four-phase design with three critical objectives: Electricity consistency and 

control , grid security and crisis management. Each of the object ives consists of a two-system 

function network. Each of the systems contains a two-structure policy implementation 

platform. Evaluation is the fina l phase of the framework and has equal strength as any of the 

objectives. The fo ur phases are unified, which implies none of the systems can operate 

individually towards achieving a solution to the identified phenomenon without the 

effectiveness of the other systems. An electricity gr id is comp lex and requires a thorough 

holistic approach towards its stability. 

The electricity supply to consumers is determined by the grid security. The unreliable state of 

the current grid supply consequently affects electricity consistency. Th is implies that it is 

important to prioritise grid capacity advancement to guarantee the reliability of the grids to 

achieve consistency between demand and supply and energy required and energy reserves. The 

South African electricity grid has been venerable over the years with significant impact on the 

grid generation capac ity and the government legislation in 1995 calling for a suspension to the 

capacity advancement of any kind. By the last quarter of 2007, electricity inconsistency has 

been plaguing the society in genera l. Intensive load shedding has been exper ienced to date . The 

electricity industry has identified this particular objective. Alternatively, policy 

implementation towards its improvement are non-comprehensive. 

Equity of supply and sufficient demand levels for al l sectors in the economy is required for 

complete electricity access for all consumers. Alternatively, the capability of the grid to supply 

sufficient electricity to consumers requires effective and reliable control measures. Sufficient 

supply is usuall y characterised by wastefu lness and ineffective electric ity effic iency. 

Inefficiency in electricity generated and consumed leads to the insecurity of the grid . The 

efficiency of electricity is a major objective towards attaining stabi li ty on the grid. South Africa 

currently, sti ll cannot institute efficient generation and end-use of energy. A vulnerability of 

the grid will be followed by a crisis. In general, the insecurities in global electricity systems 

are highest in sub-Saharan Africa compared to other world regions. It is essential that both 

administrators and consumers accept the rea li ties of the current insecure electr icity 

environment of South Africa. The current cris is by 2007 that was adequate ly predicted by the 

DME White Paper of 1998 reflects the non-prioritisation of electricity cris is plans in South 

Africa. 

The evaluation phase consists of four fundamental elements that would steer the framework to 

effectiveness . The evaluation process will provide the opportunity to strengthen the framework 
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further to guarantee the reliability of its applicability. In general , the evaluation of energy 

policies in South Africa is stil l at a crossroads. It is w ithout a doubt that the framework mirrors 

a reliable and applicable way forward to electricity adequacy and advancement in South Africa. 

The framework represents the general recommendation of a ll aspects of the study. Further 

elaboration to the features of each phase is discussed in the fo llowing sect ion. 

6.5.3 Recommendations on framework characteristics 

The followi ng section discusses the characteristics of the framework and related 

recommendations. 

6.5.3.1 Electricity equality and electricity control 

The objective was aimed at developing systems for electricity access and sufficiency and 

efficiency policies fo r domestic and industrial sectors. The framework considered electricity 

access and sufficiency and efficiency as an important first step towards supply sufficiency and 

adequacy. 

• Electricity access and sufficiency 

The focus was on strategies toward supply access ibility and sufficiency across all classes of 

the domestic population and the industria l sectors. Domestic and industr ial sectors empirical 

results (Objective 2 and 3) did conduct an assessment of electricity access and sufficiency. The 

empirical outcomes reflect that supply access is not effective and sufficiency is still at a 

minimum and this has greatly affected the operational activities in the domestic and industrial 

sectors. Results reflect that e lectricity suffic iency var ies across different income groups and 

industrial sectors. The framework (figure 6.1) has outline strategies to ensure improvement in 

electricity access and sufficiency in both the domestic and industrial sectors. 

• Efficiency policies 

The first step to possible electricity adequacy advancement to an e lectricity gr id is through 

electricity efficiency. To recommend potential efficiency pol icies for the domestic sector, the 

empirical research sampled ten most intensive e lectrical appliances to determine consumption 

tendencies. Critical energy saving activ ities were a lso used to evaluate participants ' hab its . 

Empirical research reflects that consumers need awareness of energy effic iency practices. 

There is a high usage of most intensive app li ances with most partic ipants own ing app li ances 

older than five years. It is important for a more dynamic approach to the standard and labell ing 

programme with the flexibility to perm it rad ical policy implementations . The lack of effective 
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practice of energy saving activities by domestic consumers implies that more aggressive energy 

saving campaigns are of the essence. 

Empirical outcomes also reflect that there is increas ing intensity within industries and there is 

the limited incorporation of electricity effic iency in organisation strategies . The framework 

(figure 6.1) has recommended critical regu latory priorities to ensure electricity efficiency in 

the industrial sector. 

6.5.3.2 Grid security 

The grid security is a very important objective in the framework. It reflects the most effective 

approach towards the short and long-term transformation of the grid and constitutes a reliable 

procedure for environmental control. 

• Capacity advancement actions 

The framework has considered capacity advancement in the short term as also very important. 

Capacity advancement policies have prioritized long-term security. Eskom has over-focused 

its resources towards the realisation of the Kusi le and Medupi new power stations, ignoring the 

importance of effective assets. Repair circles are continuously altered as Eskom fears the 

impact of trading off continuous supply for asset maintenance. Alternatively, the operational 

cycle of most capital generation assets of Eskom are at their break-even point. Thus, trading 

off periodic supply disruption for asset management is a better choice. Eskom can also 

capitalise on the potentials of its supporting generation sources such as wind and solar to 

advance its renewable energy objective. 

The long-term capacity advancement approach is a major concern in the South African society 

today. There have been several debates on what is the best approach towards energy capacity 

advancement in South Africa. The energy policy cabinet is currently promoting an agenda 

towards nuclear energy. An advantage of nuclear energy as an alternative energy generation 

carrier is that capacity will be improved. Alternatively, it will hinder all efforts towards 

sustainable energy generation. uclear energy generation is not the most reliable future path­

way for South Africa as it entails s imilar disadvantages as any other environmental concern 

energy generation sources. Nuclear energy contains the followi ng disadvantage for South 

Africa: 

• Uranium, the most important and effective resource for fission process, is scarce in South 

Africa. 
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• Nuclear energy generation reactors are highly fragile requiring effective maintenance 

schedules which South Africa currently lacks in this regard. 

• An incidence of operational failure can cause a radioactive explos ion with senous 

environmental consequences. 

• Radioactivity from fi ss ion is h igh-leve l nuclear waste that requires sufficient and adequate 

water sources to e liminate waste. South Africa is currently ranked the 3 1st driest land in the 

world. 

• To attain a competitive nuclear energy dominant electric ity grid , an electricity system 

should have been strategically positioned towards that direction in its long-term goals. 

South Africa's future electricity generation polic ies are currently more inclined towards 

coal generation advancement. 

The framework has suggested ocean energy as a turning point towards electric ity adequacy in 

South Afr ica. South Africa is still to explore its potential of ocean energy. The Cape currents 

are a major contributor to the Agulhas ocean currents, which produce the strongest tides in the 

world. The Cape Ocean is a meeting point between the co ld Atlantic waters and the hot Ind ian 

Ocean. The Cape Ocean has the potentia l for hybr id thermal energy as it has the potential for 

both closed and open-cycle energy generation . Closed-cycle involves using the heat from the 

surface of the ocean collected from the sun to convert energy. Open-cycle involves generating 

steam from the hot ocean waters from the earth crust. Ocean energy has the following potentials 

for South Africa e lectrici ty adequacy; 

• A major challenge to electr icity adequacy m South Africa 1s capac ity. Ocean energy 

naturally increases capacity without any cost input. 

• Since ocean energy invo lves natural geo logical activities of the earth, it 1s practically 

inexhaustible. 

• Ocean energy is "smart electricity" generation approach. 

• Ocean energy is the appropriate pathway towards exploiting extreme potentials of the DM E 

objectives towards renewable energy. 

The framework has also suggested the exploration of so lar and wind energy to ful l capac ity as 

it would also so lve adequacy deficiencies experienced by off-grid consumers . Wright et al. 

(2017:53) recent findings on the South Afr ican energy system found that the !RP (20 I 0) has 

significant gaps in the capac ity of effective renewable energy attainment. Wright et al. 

empirical findi ngs revealed the fo llowing: 
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• Solar PY and wind fields will be the cheapest energy enhancement option into the South 

African energy grid . 

• Renewal energy expansion has a lifetime cost of R90 billion per year cheaper, reflecting 

70 percent less costly compared to coal and nuclear energy. 

Full exploration of the potentials of renewable energy wi ll reduce CO 2 emissions by 65 

percent by 2050. 

In general, the framework emphasises that the renewable road path is the most reliable, but 

there is a need for the DME to expand the scope of the renewable energy objective. The 

framework also suggests a general structural change in the electr icity industry in general 

towards a more Eskom-private generators oriented structure. Bayrak et al. (20 I 7) say 

renewable energy is the solution for energy sustainability of al l economies of the world. It 

offers unique competitive advantages such as environmental-cautiousness, inexhaustibility and 

are the cleanest electrical energy carrier in the modern world. 

• Environmental governance 

The framework advocates that national po licies should be benchmarked by international 

standards . It has also outlined important national energy environmenta l policy priorities for 

South Africa. Environmental challenges are primary obstacles to achieving electricity 

adequacy in South Africa. There is a general globa l campaign from most environmental 

societies against Eskom's non-prioritisation of the future transformation of it generation plans 

to an environmenta l friendly energy generation sources. It is important that policy effectively 

prioritises on energy emission and contro l to meet internationally acceptable standards. 

Industrial energy carbon compliance and sustainab le domestic alternative energy sources will 

significantly impact efforts towards the control of energy pollution in South Africa. A major 

obstacle to achieving green energy production in South Africa is its utilisation of coal as a 

primary energy production resource. Mezghan and Haddad (2017) and Liddle and Sadorsky 

(2017) concur that there is both a long-term relationship between energy production fuel of a 

country to its emission levels. Armaroli and Balzani (2011) conducted an empirical research study 

to establish the possibility of a complete electricity powered world. The findings from empirical 

research pointed out that a general global accord towards a transfonnation of electricity generation 

from fossil fuels to carbon-free sources such as solar and wind is a fundamental action to ascertaining 

a total electricity powered world. 
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6.5.3.3 Crisis management 

The objective has considered electricity crisis management m South Africa from two 

dimensions. The framework considered the importance of crisis management from an 

administrative and consumer perspective. 

• Administrative control 

Administrative control is the actions liable to electricity administrators towards crisis 

avoidance and preparedness. Conservation of energy requires administrators to provide for 

continuous assessments and conservation of energy through intensive research on high 

probability risk areas. It is also important for administrators to be aware that electricity 

inconsistency cannot be easi ly eliminated especially in developing economies like the sub­

Saharan Africa. It is important to establish effective measures for effective control of electricity 

crisis occurrences. The South African e lectricity grid has proven to be obstinate over the 

decades with periodic occurrences of the electricity crisis. Recommendations on critical 

functions are reflected in the framework 

• Mitigation actions for stakeholders 

The South Africa environment is characterised by periodic e lectricity inconsistencies and 

electricity insecurities . There is ongoing tension between demand and energy reserves as 

reflected in figure 1.1. It is important for consumers to develop back up plans to guarantee 

continuity of their sectoral activities in times of supply disruptions. Industries should be prone 

micro-grid. Most developed econom ies are promoting an industrial micro-grid env ironment to 

maintain continuity of economic activities. Industrial electricity unions are also important in 

protecting the interests of industries during periods of inconsistency. Domestic consumers 

should consider renewable alternative energy storages such as so lar. Practicing the sav ing and 

conservation of available energy is important. 

6.5.4 Advantages of the structure 

• The structure is se lf-explanatory. The design is flexible to understand and implement. The 

framework took into consideration that public sector policy deve lopers, in most cases, are 

political experts rather ski lled field experts with exper ience in the strategic decision of a 

phenomenon. 

• Cost effective. An important e lement of South Africa public sector for e lectricity projects 

as stated even in it !RP is towards low-cost implementations. The framework entails low­

cost practical recommendations with potentials for maximum outputs . 
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• The framework implementation has recommended the importance of national skill 

development which paves the way for employment. 

• The model is holistic, comprehensive and integrative. 

6.5.5 Limitations of the framework 

• The context has limitations for systems with adequacy challenges only comparable to South 

Africa. 

• There is still need for effective experts for technica l suggested recommendations. 

6.6 Conclusion 

There is a pattern of previous electricity studies recommending further research on the 

identified problem (the need for a standard integrated strategic management system framework 

for electricity adequacy in South Africa) . Existing empirical research reflect a systematic 

approach towards a strictly technical solution to the recommendations from previous 

researches. The non-comprehensive nature of the existing models would raise doubts if the 

structuring of recommended parameters resulted from a detailed integrated analysis of South 

African energy needs. There is a conti nuing failure of implemented plans to address the 

fundamenta l problem of electricity adequacy in South Africa, contributi ng to the present 

ongoing supply inconsistency and insufficiency predicament. Tait (2017) concur that policies 

to the advancement of grid electricity in South Afr ica remain almost exclusively non­

conceptual. This is evident in the government recent obscure electricity advancement 

legislations and contest bills. 

Parameters of existing models, p lans and po licies did not quite match the current energy 

adequacy realities such as towards grid security, e lectricity consistency and control , effective 

crisis management, efficient and environmentally friendly production and usage of energy. The 

nature of a national energy system is very complex, and the lack of an integrated strategic 

system approach to policy frameworks will result in immense errors . To achieve an applicable 

and reliable contribution to the identified gap, empirical research was holistic as it focused on 

critically analysing the major agenda towards electricity adequacy in South Africa. Thus, the 

study was extremely exploratory as there is no trace of any previous empirical research within 

the scope of this study. It is without any reasonable doubt that the recommended framework 

has been developed from a comprehensive, integrated analysis of the primary issues on the 

phenomenon and has the capacity to a solution to electricity inadequacy in South Africa. 
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6.7 Further research 

Studies on energy are now fundamental in the society considering the increasing importance 

of energy for social and economic development. It is important to apply findings practically to 

obtain meaningful contributions from the field of study. The study focused on identifying an 

applicable framework to electricity adequacy in South Africa. It is important to sample the 

structural framework to the electricity legis lature in general to create awareness over unique 

outcomes in the empirical research and to sample their opinion with regard the developed 

framework. The developed framework is a three-phased structured systems. It is necessary to 

further explore on each of the systems in the framework. 
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Appendix 1: Further paper associated with the study 

The impact of energy fuel choice determinants 
on sustainable energy consumption in the South 
African household sector 
Belobo Benedict Ateba, Johannes Jurgens Prinsloo and Erika Fourie 

ABSTRACT 

The Low electricity supply capacity, combine with other factors continuous to be a pestilence 

to households electricity demand, leading to increasing reliance on alternative energy fuels. 

The reliance on alternative fuels is characterised with the usage of traditional fuels by mostly 

low-income households contributing significantly to environmental emission. The empirical 

research was aimed at assessing primary determinants to energy fuel choice in the South 

African household sector, in order to inform policy makers on important energy consumption 

behavioural tendencies that can assist policy towards sustainable energy growth and biomass 

reduction usage in households. Parameters for the conducted empirical investigation was 

primarily based on the energy consumption models. The empirical research employed a 

quantitative research design. The Gauteng and North Wes t provinces were target population 

considered for data collection. A purposive-convenience sampling was employed to select 

participants for the empirical research. Data collection utilised a closed-ended questionnaire. 

Results from the empirical finding reflect that determinants to household fuel choice decision 

for its activities contribute significantly to a household usage of sustainable or traditional 

energy for a certain household need. South Africa households tend to practice energy stacking 

tendency. Important recommendations has been point out for policy to prioritize on towards 

sustainable energy usage in the household sector 

Keywords: Energy fue ls, fuel choice tendency 's, households energy sustainable 

1. I TRODUCTION 

Kenny (2015: I) asserts that the most important need in life is the availability of energy to 

vehicle social deve lopment and industria l competitiveness. El ias and Victor (2005:4) asserts 

that histor ical ly, human behaviour towards the usage of energy has been in a constant change 

due to the influence of technological developments. However, desp ite the need for effective 

access to sustainable energy in the globe, Ellingsen (20 I 0:3) asserts that is still a constant 
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growth in energy inequality as most rural households in the world still struggles to access 

modern energy, leading to increasing reliance on traditional biofuels. Pachuari and Rao 

(2014: I) highlight that energy inequality is commonly analysed on the fol lowing bases; 

( l) Income or some related monetary measure as prevailing inequalities in income will closely 

mirror inequalities in energy accessed and consumed. 

(2) Disparities in energy quantities consumed and types of energy sources predominantly use 

across the population. 

Pachuari and Rao (2014: 1-2) state that the distribution of modern energy sources remains 

highly unequal , with a much higher dependence on env ironmental unfriend ly energy fuels by 

most citizens, especially in developing countries. According to IEA (International Energy 

Agency) (2006:40) studies on households usage of biofuels, the following findings are 

reflected; 

(l) Over 2.5 billion of the world ' s population still primarily rely on traditional energy sources 

such as fuelwood, charcoal, agricultural and animal waste to meet their daily energy 

demand for cooking and heating yearly. A total of 1.6 billion people of the above statistics 

are sti ll without complete electricity access. 

(2) In developing countries over 90% of most household daily energy consumption comes from 

biofuels. 

(3) One-third of the world's population calculating to 2. 7 billion will still be primarily 

depending on biofuels by 2030. 

Musango (2014) point out that biomass fue ls can be used directly or indirectly. The emp irical 

research in this paper is solely focused on direct use of biomass energy fuels as biomass study, 

in general, is a wide scope. According to Oparinde (20 l 0:3), biomass fuels can be regarded as 

combustible renewables such as vegetable materials that can be converted into vegetable oil , 

landfill gas and bio-additives. Biomass can a lso be traditional energy fuels such as f1,1el , wood 

and animal waste and intermediate biomass such charcoal and coal. Gallach6ir (2007) 

recommend that researching on energy is primary for developing reliable po licies and initiating 

a change towards increased energy sustainability. Th is empirical research will significantly 

contribute to addressing the aspect of energy poverty in South Africa. 

1.1 Introduction to the problem 

According to IEA (2002:376), only 23% of the Sub-Saharan population is electrified with 

modern energy, and calculating to about 500 million people are sti ll un-electrified making it 
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the lowest electrified word ' s region . Winkler (2006:34) state that recent estimates suggest that 

by 2025 a large proportion of South African househo lds will st ill be un-e lectri fied . Treiber et 

al. (2015) note that improvement towards the consumption of c leaner fuels wi ll reduce energy 

poverty. The linear model predicts a pos itive relationship between socio-economic 

development and energy fuels transition . The have been a growmg research among 

environmental and energy researchers to determine the actuality of combustible biomass on the 

env ironment. Howells et al. (2005) note that a primary hindrance to fac ilitating energy 

transition in South Africa is the is the lack ofknowledge by policymakers on factors that govern 

energy choices by households. 

The paper identifies that economic and non-economic factors are significantly growing usage 

choice of biomass as an energy source in the South African households. The growing usage of 

biomass energy by households account for environmental emission and increasing levels of 

indoor air pollution. 

2. LITERATURE REVIEW 

The follow ing section outlines theoretical literature content on consumers ' motives to the usage 

of alternative energy fuels and energy inequality in the South African household sector. 

2.1 Energy access and biomass use 

High dependence on traditional biomass fue ls by a large number of households in sub-Saharan 

Africa significantly contributes to deforestation, forest degradation and land degradation in the 

region (Mekonnen & Kohl in , 2008: I) . Mu ll er and Yan (20 16:2) continues that since pollutants 

from bio fuels primarily constitute of Carbon-dioxide (CO2), it contributes to respiratory 

diseases , cardiovascular mortality and climate changes that are significantly destroying the 

world ' s vegetation. Pauchauri et al. (2013) say the growing concern on the impact of traditional 

biofuels, and the growing reliance by a s ignificant world's population on biomass energy has 

mobilised the international community to launch a campaign for universal modern energy 

access by 2030. Figure l reflects a schematics of energy pollution in domestic environments. 

Due to emission fro m energy fuels , most rural and poor househo lds have an indoor 

environmenta l pollution 20 times higher than the limits set by the World Health Organization 

(WHO) (Sanga & Jannuzzi, 2005 :4). 
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Figure 1 Schematics of energy pollution on indoor air quality 

Johnson et al. (2013: 6) 

Johnson et al. (2013:6) argue that both energy fuels and app liance categories contribute to the 

actual emissions in domestic surroundings. However, energy sources such as open fires from 

traditional biomass and appliances such as traditional lamps powered by intermediate biomass 

fuels will tend to emit more. The affordabi li ty of energy-using equipment is just as important 

as the affordability of fuels. The initial cost of acquir ing kerosene and Liquid Petroleum Gas 

(LPG) stoves and LPG bottles may discourage some people from switch ing away from biomass 

(IEA, 2002:369). A serious issue in South Africa is the growing electricity consumer price. 

Howells et al. (2005) report that most low-income households in South Africa utilised biomass 

fuels such as wood and coal exposing household dwe llers to indoor emission as a result of 

carbon monoxide and particulates. Davis ( 1998) mention that over ha lf of the South African 

rural household use fuelwood more than ones per month. Madubansi and Shackleton (2006) 

also states that fuelwood is also uti lised by some urban and electrified households frequently 

and trends reflect that ho useho lds usage offuelwood in South Afr ica wi ll increase in the future. 

Howells et al. (2006) argue it is preferable for South African househo lds to uti lised alternative 

energy sources as compared to electricity due to cost. According to Louw et al. (2008) in South 

Africa, low-income households are price sensitive, and their consumption behaviour reflects 

the preference of fue l choice based on price. Louw et al. allude low-income househo lds tend 

to display attitude whereby energy fuels reflect perfect substitutes for each other. Alternatively, 

high-income households at times reflect behaviours that show over-burdened from e lectricity 

cost leading to alteration in the quantity of electricity demand and thus, cross utilisation of 

different energy fuels. For instance, Howe! et al. (2006) point out that it is 252 a year cheaper 

to utilise Liquid Petroleum Gas (LPG) for cooking compared to electric hotplates and a 1.3 KW 

LPG stove provides approximately the equ iva lent cooking capacity as a 1.5 kW electric stove. 
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Alternatively, Howe lls et al. (2005) argue most low- income and rural households have a low 

and irregular income which affects their ability to afford costly fue ls and modern energy 

appliances. Low-income households prefer energy fuels that are available in small, di screte 

quantities . Thus, is habitual for fu el like paraffin to be eas ily consumed as compares to LPG 's 

that are on ly economical when procured in full tank. IEA (2002:369) concur that households 

will tend to use biomass energy as long as it remains cheaper to modern fue ls. In most rural 

settings, biomass is perce ived to be readily available within the reach of every househo ld . 

Gaunt (2005) highlight that the government approach of withholding energy service resulting 

from non-payment has made electrici ty access furth er unviable for most households in South 

Africa. Gaunt (2005) asserts that households connected to electricity in South Africa does not 

conclude on households ability to use electrical energy. Households in South Africa still tend 

to rely on biomass sources such as wood candles and paraffin even when electrici ty is available. 

As a result, improv ing health and reducing environmental po llution by discouraging biomass 

energy fuel may not be easi ly accomplished. Howe lls (2005) reports that the South African 

government has alleged that it is not cost effective for the nationa l utili ty to electrify some rural 

communities. 

Goldemberg (1996:30) estimated a househo ld ' s direct bas ic primary energy requirement per 

unit of time to sat isfy bas ic needs and the findin gs reflected about 500W per person monthly. 

lnglesi (2010) states that in South Africa the government has implemented an e lectricity 

poverty programme to access typica l poor househo lds with 50 kWh of e lectricity per month . 

Critics like Adam (20 I 0: 15) argues that the research ci rcumstances which led the government 

to such a conclusion failed to investigate if poverty was the result to low electricity 

consumption by poor households. According to Howe ll et al. (2006) , the government 

misapprehend that a typical poor household in South Africa requires electr icity for just li ghting, 

radio, te lev is ion, ironing and boiling of water. T hus, 50 kWh of e lectricity will be adequate for 

such basic househo lds energy needs. According to Prasad (2008), energy sector reforms are 

aimed at im prov ing the quality of li fe of the poor com munities in a co untry. Numerous African 

states have initiated some sectoral energy reforms which have not necessarily benefit 

disadvantaged communities to energy access. Despite the sectoral refo rms, none has managed 

to restructure its energy industry completely. Schlag and Zuzarte (2008: 12) argues that an irony 

to energy reforms in sub-Saharan Africa is that it tends to be more benefic iary to the wealthy 

and middle-class households and not the targeted poor households as such policy aim ed . 

229 



Balmer (2007) maintains that in South Africa the electricity-free electricity programmes 

initiated to uplift energy poverty is flawed in a number of ways: 

(I) Households located in rural areas are not benefiting from the programmes. 

(2) The implementation is of the free basic electricity very ambiguous in non-grid rural 

locations. 

(3) Increasing access to electricity is failing to alleviate energy transition as poor households 

are still unable to benefit from electricity subsidies. 

Bekker et al. (2008) view that from a South African perspective, the exclusion of almost all of 

the poor population from accessing electricity during pre-94 restricted energy poverty from 

being a prioritised policy agenda. The concern for energy poverty only emerged by the 1980s. 

However, it was still side-lined in strategic decision-making structures. Howells et al. (2006) 

mention energy strategies that contribute to elevating the poor should be a core political 

discourse in South Africa. 

2.2 Energy consumption models 

Ado (20 I 6) point out that energy is primary for daily household activities such as heating, 

cooking, preservation and movement. In the post- eolithic revolution, energy sources with 

biomass were the dominated household energy source. It was later replaced by coal based on 

its energy density. According to Kowsari and Zerriffi (2011) assessing and analysing household 

energy behaviour has been difficult due to its unique characteristics. For instance, there is 

diversity in energy systems for households at both energy demand and energy supply. Ado 

(2016) maintains that the first-ever effort to produce an empirical evidence on what influences 

households energy preference was reflected in the energy ladder model. Muller and Yan 

(2016:3) states that the energy ladder pioneered energy researchers ' interest in exploring 

possible hypotheses considerations for household energy consumption behaviours. 

Taylor (2011) highlight that interest in the idea of the energy ladder emerged with the 

occurrence of the world oil crisis in the 1970s and 1980s. The notion was adopted by energy 

researchers. However, Baldwin ( 1986) and Hosier and Dowd 's ( 1987) study of household fuel 

choices in Zimbabwe has been significantly credited to have pioneered research under this 

agenda. An appropriate energy ladder framework with the contextual applicability of this paper 

is reflected in figure 2. 
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Risseeuw (2012: 14) notes that the energy ladder place energy fuels category in sort of 

hierarchy. The framework maintains that some fuels are considered superior to others, and 

different fuel categories have a competitive edge than others. It assumes that there is a high 

probability that households as a household socio-economic status improve, it will tend to 

switch towards a more sustainable energy sources as it climbs up the energy ladder. Gordon 

and Hyman (2012) mention that the energy ladder model presents an empirical evidence with 

the view that househo lds in urban areas and the wealthier househo lds in rural areas will tend to 

prefer modern fuels such as electricity as compared to low-income households. 

Like any other model , the energy ladder was not without its limitations. Pachauri and Spreng, 

(2004) state that significant criticism to the energy ladder is the complication and the volatile 

relationship between income and fuel choice. I--l e ltberg (2004) states that critics to the energy 

ladder have an opposing view that household energy consumption behaviour does not reflect 

unidirectional as even househo lds with high-income status switch back to traditional biofuels 

even after primarily adopting modern energy carriers. 

After continuous criticisms, there was a call for the modification of the energy ladder to the 

currently acc laimed "energy stacking approach" . A proposed way forward was introduced by 

Masera et al. (2000) opinion that households utili se a mixture fuels simultaneous ly. The model 

demonstrated that multi-factors such as fluctuating budgets, accessibi lity ofan energy fuel , fuel 

subsidies, tradition, household size and education often lead to multiple-fuel use patterns 
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regardless of a household ' s income status and location. Stacking considers two mam 

assumptions; 

( 1) Households do not immediately ascend to improved fuels and simultaneously abandon 

inferior ones. 

(2) Households rely on multiple fuel types by consuming a higher proportion of superior fuels 

with rising income. 

It can concur with Elias and David (2005:4) that energy stacking can be viewed to have limited 

development to the gaps of the energy ladder as the hypothesis of stacking still follows s imilar 

directives to the hierarchical relationship of the energy ladder. The energy stacking framework 

is reflected in figure 3. 
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Kowsari and Zerriffi (20 I 1) conducted a subsequent research concurring to the energy stacking 

model but exposed shades on both the energy ladder and the stacking. Kowsari and Zerriffi 

initiated another viewpoint by arguing that household energy behaviour systems have been 

oversimplified with different aspects exami ned in isolation of each other to s implify the models 

and analysis . Kowsari and Zerriffi allude that household energy demand is a combination of 

three factors: energy carriers, energy conversion technologies, and energy service demands. A 

significant number of existing research on the agenda of household energy systems has been 

mostly based on the energy carrier, fuel choice and appliance mix. The energy profile transition 

232 



framework is focused on the energy services instead of energy quantity. According to Elias and 

Victor (2005 : 12-1 3), cooking appliance that will be used by households within the same socio­

economic status will depend on the cooking service requirements. The energy profile transition 

framework is reflected in figure 4. 
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Kowsari and Zerriffi (2011) 

Muller and Yan (2016:2) acknowledges that di fferent empirical finding has drawn dissimilar 

conclusions with regards to the influence of social-economic factors on household energy fuel 

consumption. The current research environ ment on households and energy fuel choice is now 

in uncertainty on what policy direction is rel iable and comprehensive for policy 

recommendation due to divergences between authors . 

Muller and Yan (2016:2) says despite a numerous research about the determinants of househo ld 

fuel use, intensive knowledge on the agenda remains limited . Despite the continuous critic isms 

on each every hypothesis , Ado (2016) note that most empirica l researchers conducted in 

different regions across the g lobe Such as Pachauri and Spreng (2004) in India, Hiemstra-van 

der Horst and Hovorka (2008) in Botswana and Masera and Navia, ( 1997) in Mexico primarily 

concurred with the energy stacking making it a dominant tool for determining households 

energy choice behaviours by most energy researchers. 

3. CONCEPTUAL FRAMEWORK DEVELOPMENT 

After the above literature, a cr itical question that fo llows is which of the discussed model 

appropriately explain households fuel choice? To attain a reliab le contribution, this paper has 
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taken into consideration both the energy ladder and the energy stacking hypotheses. Howel ls 

et al. (2005) point out that the concerns on biomass fue ls usage and environmental implications 

have not been adequate ly analysed in the South African context. There is dim inutive empirical 

research exploring the appropriateness of energy choice mode ls in the South Africa household 

sector. However, it is noteworthy that authors such as Alberts et al. ( 1997), Davis ( 1998), 

Howells et al. (2006) and Louw et al. (2008) have conducted empirical resea rch in South 

Africa, applying relating features to the energy ladder. Despite research from authors such as 

Madubansi and Shackleton (2006) and Musango (201 4) with objectives related to the energy 

stacking hypothes is, there is a limited trace of empirical research that has comprehensively 

advanced the applicability of the energy stacking hypothesis in the South Africa household 

sector. If any ex ist, this paper might poss ibly be the first publication to have comprehensively 

explore both the energy ladder and the energy stacki ng s imultaneously in the South Afr ican 

context. 

The developed conceptual framework of this paper considered both the energy ladder and the 

energy stacking hypotheses. The Kowsari and Zerriffi (2011 ), household ' s fue l choice 

class ification criteria of endogenous factors (househo ld characteristics) and exogenous factors 

(external conditions) guided the development of the conceptual fram ework fo r the empirica l 

research. 

Table 1 Household fuel choice factors 

Cate!!:o ries Factors Meas uring aspect 
Endo!!:cnous fa ctors Endoge110us factors characteristics 
Eco110mic characteristics Incom:, Expenditure and Landho lding refuct the capabilitic:s ol 

I lousehold si7..e , gender, age, household composit io n, households, behavio ral attitudes, 
Non-economic characteristics 

educatio n, labor and infonnation preferences and experiences o l 

Behavioral and cultura l Prefe rences(e.g foo d taste), practices, lifestyle, socia households 

characteristics status and ethnicity 
Exo!!:c nous fac tors Exogenous factors influence 
Physical environment Geographic bcation and climatic condition household decisions regarding the ir 

Policic:s 
Energy policy, subsid ic:s and market and trade energy system by a fleeting the 
nnlicic:s. choices availabk: to househo lds and 

Energy supply element 
J\ ffordability, availability, access ibility and reliabilit) the incentives to choose one energy 
of energy supp lies techno b gy or fuel over a110 ther. 

Energy device characteristics 
Conversion e flicicncy, cost and payment method and 
rt u m ,•-• . ;, v Of O n Prn fir m 

Kowsari and Zerriffi (2011) 

This paper only considered the endogenous category. Two factors were co nsidered fro m the 

economic characteri stics, fo ur factors fro m the non-economic characteri stics. The next section 

elaborate more on fac tors that were sam pled in the empirical research. 
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3.1 Economic characteristics 

The economic category has generally been considered to be a primary influence on households ' 

energy choice. In this category, the income and expenditure factor were sampled in the 

empirical research. Overemphasizing income or expenditure as a measurement of wealth in 

determining a household fuel choice is unclear as in some countries a large proportion of 

households depend on free sources of energy and home production from the government such 

as the case of South Afr ica. In spite that a researcher has the freedom to decide on which of the 

economic factors to use as a measurement for wea lth, Elias et al., (2005) argues that a 

researchers decide to use whether income or expenditure shou ld be precise to the research 

context. 

3.1.1 Income and setting 

Income was the first ever factor studied by energy researchers as a major determinant of energy 

fuel choice through the energy ladder model. Find ings from early empirical researches 

conducted by authors such as (Barnes et al., 1994, 1996; Pachauri & Spreng, 2004; Wuyuan et 

al., 2008) conc urred that there is a significant association between income and households 

energy choice. Even though new find ings continuously emerged exploring more 

comprehensive approaches to factors influencing household fue l choice pattern, Whitfield 

(2006: 143) points out that energy researchers have fai led to advance the understanding of 

household fue l choice pattern significantly beyond the infl uence of incomes. According to Van 

der Kroon et al. (2013) , the placement of a househo ld in the env ironment will normally 

determine the level of opportun ity and poss ible income level. 

3.1.2 Expenditure 

Even though rare, some researchers such as Dav is ( 1998) and Heltberg (2005) extensive ly used 

expenditure instead of income in measuring the economic influence of households energy fuel 

choice. Low-income and high-income households differ in energy spend ing as ; (I) the price of 

modern fuels , as well as their transaction cost, is usually high; (2) a large portion of income 

from low-income households is typically too low to accommodate payments associated with 

modem energy systems; (3) low-income households have an uncertain income source to 

accommodate regu lar spending req ui red by modern energy sources (Kowsari & Zerriffi , 20 I I). 

A household ' s expenditure ofan energy fuel wi ll depend on the unit price of the fuel demanded 

(Schlag & Zuzarte, 2008 : I 0). As a rise in a household income will enable its capacity to switch 

to more sustainable energy fuels , primary and useful energy consumption will also increase as 
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well (Mestl & Eske land, 2009) . Link et al. (201 2) highlight that minimal wages will influence 

the possi bility to rely on biomass energy fue ls. Rao and Reddy (2013) maintain that household 

incomes derived from wages or salaries have a pos itive impact on the probability of us ing 

cleaner fuels. Accord ing to Van der Kroon (2013), a household capital will determ ine the 

possibility of which fuel type to rely on . 

3.2 on-economic characteristics 

In early household energy fuel choice studies, economic factor was the only element used to 

determine household fu el switching through the aid of the energy ladder. However, non­

economic e lements later gain momentum based on the energy transition phi losophy. Campbel l 

et al. (2003) argue that income continuous to be a major determinant of energy fuels choice 

and the world is gradually head in g to a s ituation of a poss ible dichotomy were norms such as 

wealthier households who can adopt modern fu els and poorer househo lds who are increas ingly 

fo rced to choose biomass wi ll be irrelevant. In this category household size, education and 

gender were considered for em pirical research. 

3.2.1 Household size 

Kowsari and Zerriffi (2011) point out that household size will determine the amount of energy 

consumed by a household. Household size usually indirectly influence households to practise 

both energy switching and stack ing behaviours. Ado (2016) says household size will 

s ignificantly influence the usage of energy fue l type. Househo ld size influence fuel transition 

with regards to the fact that large families may tend to practise energy stacking as opposed to 

smaller families. 

3.2.3 Education 

Link et al. (20 I 2 asserts that education will influence energy fuel transition from two 

perspectives; (I) schooling w ill limit the labour fo rce for fue l acquisition activities such as 

wood collection . Thus, a family that put efforts to reject children co llection of wood might tend 

to adopt fuels that requ ire no accusation efforts like paraffin and gas instead (ceteris paribus); 

(2) education can initiate change by prov iding knowledge about the dangers of consum ing 

biomass energy fue ls to health quality and the env ironment. Accordi ng to Schlag and Zuzarte 

(2008: 14), a large proportion of individuals have not rece ived any significant education on 

energy systems to have been inform on the consumers fuel cho ice frameworks . Thus, public 

education on fuel choice theories will greatly impact on households energy fuels preferences. 

Many consumers do not possess a clear understanding of what are fu el a lternatives. Prasad 
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(2008) highlight that it is necessary for people to be well informed, and empowered 

individually and at household level on the advantages of cleaner energy opportunities and the 

limitations of biomass fuels. In the theory of cognitive dissonance, individuals str ive for 

consistency between their knowledge and behavioural attitudes (Kowsari & Zerriffi , 20 I I). 

Whitfield (2006: 143) mention that infonnation educat ion and soc ial learn ing can be a note to 

influence households energy fuels adoption significantly. The educational level will influence 

households to adopt modern fue l types the same as higher income and expenditure (Musango, 

2014). 

3.2.4 Gender 

Gender can immensely influence fuel choice. For instance, women are generally responsible 

for cooking and do have particu lar preferences on what cooking method is perfect for certain 

delicacies especially in traditional kitchens. Since women are commonly associated with 

cooking, a household where a male is the primary income earner and the main decision-maker 

might neglect the importance of the costs and benefit of clean cooking fuels (Schlag & Zuzarte, 

2008: 13-15). Treiber (2015) concu r that culture and tradition can influence women ignoring 

modern energy technologies. In his study of energy transition in Kenya, it was found that 

women prefer preparing "Chapatti" with the use of charcoal and fuelwood as it will be less 

time consuming due to constant and controllable heat, the cooking process involves traditional 

pots and biomass fue l pos itively influence the taste of the de licacy. According to Van der Kroon 

et al. (2013), just as children, women are a primary labour force for wood fetching as is the 

case with most South East Asian countries. Balmer (2007) maintains that gender roles refer to 

the different tasks indiv iduals are to perform in the society. In the case of households, it entails 

some form of division of labour in which certain obl igations are ass igned to men and women 

in the household. Women are normally li nked to reproductive activities which involves all 

aspect of domestic labour. 

3.3 Household activities and energy fuel usage in the South African context 

The empirical research considered that certain fuels are mostly utilised for a particular 

household activity in the South African context. Electr icity is the only energy type that 

households universally can use for various activities such as cooking, lighting and heating. 

LPG usage is mainly limited to cooking. However, Paraffin can also be used for lighting. In 

South Africa, so lar energy is usually used for water heating mainly for bathing and washing. 

Direct utilisation of biomass fuel types (coal, wood and charcoal) by households include 
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heating and cooking (Musango, 2014). In general, world trend reflects that most households 

basic energy demand is for heating, cooking and lighting. Household fue l choice is mostly 

restricted to the aforementioned daily household energy needs (!EA, 369). Addressing these 

three activ ities together is necessary for a realistic approach to househo ld energy ana lysis 

(Kowsari & Zerriffi, 20 I I). Thus the survey only focused on the three household energy needs. 

4. METHODOLOGY 

The empirical research was foc used on households from the North West and Gauteng provinces 

of South Africa. Gauteng province was cons idered for empirical research because of its level 

of urban growth and is also the nucleus of social development in South Africa. The North West 

province was selected as it was necessary to also target a developing geographical location to 

represent the spatial geography of South Africa. In the Gauteng province, Pretoria and 

Johannesburg were the target sample cities while Mafikeng and Potchefstroom were target 

sampled cities from the North West. A purposive-convenience sampling tech nique was used in 

this paper. Purposive targeting was employed to obtai n mostly income earners considered to 

be the financ ial nucleus in providing households day to day needs. Convenience sampling 

involved targeting households based on ava ilability and willingness to participant in the study. 

The data collection employed closed-ended questionnaires with defined categories to 

examining the effect of electricity supply and consumption on the South African domestic 

sector and related e lectricity consumer behaviours. Questions were strictly dichotomous, and 

participants j ust had to tick "yes" or "no" on the options that relate to their practised fuel choice 

behaviours. In total 400 households were given questions to respond but just 323 questionnaires 

were obtained from the fieldwork. 

5. DATA A ALYSIS A D DISCUSSION 

This section will present a detailed analysis and discussion of acqui red data from the empirical 

research . The IBM Statistical Package for Social Science statistics version 23 .0.0 as prescribe 

by SPSS Inc (2016) was used in analysing data. A test for reliability was conducted on the data. 

The Cronbach Alpha obtain was 0.74, implying that there is a sufficient internal consistency 

from acqu ired data. Cramer ' s values >0.1, >0.3, >0.5 indicates small , medium and large 

associations respectively. Note p-values are on ly reported for completeness purpose. The p 

values are reported for completeness sake, but won't be interpreted since a non-probability 

sample was used and not a probability sampling. 
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5.1 Influence of Income on energy fu el choice 

The criteria that were used in this factor determinant invo lved sampling participants based on 

quotas within the target sampled demograph ics . As already mentioned the Pretoria and 

Johannesburg were target cities from the Gauteng province and Mafikeng and Potchefstroom 

from the North West province. Based on South Africa background, the demographics are 

mostly in clusters where an urban city has an outskate rural settlement which is normal ly refer 

to as townships. These townships reflect rural characteristics as compared to the central city 

settlements with strictly urban tendencies. A description of quotas is presented in table 2. 

Table 2 A description of sampled quotas 

Citie s Quotas Income rank s tatus 
Riviera park H i - -income 
Extens io n 3 6 Low- income 
P otchefstroom town H i - income 

Low- income 
H i income 
Low- income 

d park Hi income 
Low- income 

Analysis considered grouping all settlements with similar income status to perform general 

analysis base on each of the identified income ranks (High and low-income groups). 

Table 3 Usage of electricity by income groups 

Electricity usae:e for Lie:htine: 

Description 
High-income Low-income Cramer's V 

Yes No Yes No P value Effect size 
Freouencv 158 7 149 9 

0.05 0.03 
Percentaee 95.80% 4.20% 94.30% 5.70% 

Electricitv usa2:e for cookin2: 

Description 
High-income Low-income Cramer's V 

Yes No Yes No P value Effect size 
Freouencv 139 19 128 37 

0.01 0.13 
Percentage 95.80% 5.70% 77.60% 22.40% 

Electricitv usa2:e for heatin2: 

Description 
High-income Low-income Cramer's V 

Yes No Yes No P value Effect size 

Frequency 125 33 118 47 

Percentage 79.10% 20.90% 72% 29% 
0.05 0.2 1 

Table 3 reflects results for income groups ' usage of electricity for li ghting, cooking and 

heating. Results reflect that most households from the high-income group (95.8%) and low-
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income group (94.3%) uses electr icity for lighting. A lternatively, resu lts reflect that income 

influences household ' s usage of electricity for cooking and heating. High-incomers uses 

electricity more fo r cooking (95. 8%) and heating (79.1 %). Low-incomers use e lectricity less 

for cooking (77 .6%) and heating (71.5 % ). Both cooking and heating have an effect size tending 

towards smal l (0 . 13 and 0.12) respectively. 

Table 4 Usage of liquid petroleum gas by income groups 

Gas usage for cooking 
High- income Low-income Cramer's V 

Description 
Yes No Yes No P value Effect size 

Frequency 58 107 26 132 
<0.001 0.21 

Percentage 35.20% 64.80% 16.50% 83.50% 

Paraffin usage for cooking 

Description 
High- income Low-income Cramer's V 

Yes No Yes No P value Effect size 
Freauencv 5 160 24 134 

<0.001 0.21 
Percentage 3% 97% 15.20% 84.40% 

Table 4 reflects results for income groups ' usage on LPG's. Results reflect that High-income 

households tend to utilise gas as an alternative for cooking (35 .2) as compare to low-income 

groups (16.5%). Alternatively, low-income groups tend to use paraffin most for cooking 

(15.2%) as compared to high-income households (3%). The use of gas and paraffin for cooking 

has a small effective size, (0 .21) and (0.21) respectively. 

Table 5 Usage of renewable energy by income groups 

Usaee of solar for heatine 

Description 
Hicli-iocome Low-iocome Cramer's V 

Yes No Yes No P values Effect size 
Freaueocv 40 125 16 142 0.001 0.26 
Percentalle 24.20% 75.80% 10. 10% 89.90% 

Table 5 reflects results for income groups ' of renewable energy for heating. Results reflect that 

High-income households tend to utilise solar energy as an alternative energy source for heating 

(24.2%) as compared to low-income groups (l 0.1 %). The usage of so lar within the income 

groups has an effect size tending towards medium (0.26) 
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Table 6 Usage of traditional fuels (biomass) by income groups 

Usae:e of wood for coo kine: 

Description 
Hi!ili- income Low- income Cramer's V 

Yes No Yes No P values Effect size 
Frequency 9 156 38 120 

<0.001 0.34 
Percentage 5.50% 94.50% 24.10% 75.90% 

Usage of wood for heating 

Description 
High- income Low-income Cramer's V 

Yes No Yes No P values Effect size 
Freauencv 20 145 28 130 

0.05 0.07 
Percentage 12.10% 87.90% 17.70% 82.30% 

Us a!!e of coal for cookin!! 

Description Hi!ili- income Low-income Cramer's V 
Yes No Yes No P values Eftect size 

Freauencv 125 33 118 47 0.05 0.13 
Percentae:e 79.10% 20.90% 72% 29% 

Usa!!e of coal for hcatin!! 

Description 
m,h-income Low- income Cramer's V 

Yes No Yes No P values Eftect size 
Fren11P.nc.v 1? 146 1 ~ ViO 

0.05 0.02 
Percentae:e 7.60% 92.40% 9.10% 90.90% 

Table 6 present results on households income groups (high- income and low- income) usage of 

energy fuels with biomass (wood and coal). The resu lts reflect that low-income households 

tend to use wood more for cooking (21.1%), compare to high- income households (5.5). The 

usage of wood as fuel for cooking on income groups has an effect size tend ing towards large 

(0.34). Low-income groups also use wood more for heating (17 .7%) . Low-i ncome groups also 

tend to use coal for heating (72%), compared to high-income households (79.1 %) with an effect 

size tending towards small (0.13). High-income households also use coal lesser for heating 

(7.6%), compared to low-income households (9.1 %). 

5.2 Expenditure 

Expenditure on energy was also tested to determine the influence of wea lth on households ' 

energy choice. Participating households from the two sampled income groups had to indicate 

their monthly spending on electricity on a scale ranging from below R200 to above R300. The 

aimed was to determ ine the disparity on spend ing's on electricity within the sampled household 

groups. 
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Table 7 Expenditure per income groups 

Electricity spending margins :for high-income groups 
Description <R200 < R300 > 300 Total 
Frequency 1 1 2 0 133 164 
Percentage 6.70% 12.2 0 % 8 1.10% 100% 

Electricity spending margins :for low-income groups 
D escription <R200 < R300 >300 Total 
Frequency 83 3 1 44 1 58 
Percentage 52.50% 19.60 % 27.80% 100% 

The table presents results for households ' spending's on electric ity. Resu lts reflect that high­

income households spent most on electrical energy. A larger proportion of high-incom e 

households (81.1 %), spend above R300 fo r electricity monthly. Alternatively, low-income 

househo lds (27.8%), spent less than R300, while (52.5%) spent less than R200. 

5.3 Household size 

Household size has been noted to be a significant influence on households ' energy choice. The 

aimed of this factor was to determine if households with fewer members tend to use advanced 

energy fue ls as com pared to households w ith more members. 
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Table 8 Household size influence on the usage of electricity for domestic activities 

Household size influence on electricity usage 
Usaee of electricity for li2:htin2: 

Houshold size 
Description 

Measurements Yes No Total P value Effect size 
1 to 3 house hold Freauencv 128 2 130 
members Percentage 98.50% 1.50% 100% 
4 to 6 household Freauencv 148 8 156 0.05 0.18 
members Percentaoe 94.90% 5.10% 100% 

7 and above Freauencv 29 5 34 
Percentage 85.30% 14.70% 100% 

Usaee of electricity for cook 

Houshold size 
Description 

Measurements Yes No Total P value Effect size 
1 to 3 house hold Frequency 47 78 125 

members Percentage 37.60% 62.40% 100% 
4 to 6 household Frequency 61 94 155 

0.021 0.15 
members Percentage 39.40% 60.60% 100% 

7 and above 
Frequency 19 12 31 

Percentage 61.30% 38.70% 100% 

Usage of electricity for heating 

Houshold size 
Description 

Measurements Yes No Total P value Effect size 

1 to 3 house hold Frequency 102 21.5 130 
members Percentage 78.50% 21.50% 100% 
4 to 6 household Frequency 116 40 156 

0.03 0.08 
members Percentage 74.40% 25.60% 100% 

7 and above 
Frequency 23 11 34 

Percentage 67.60% 32.40% 100% 

Table 8 presents results for household size usage on electricity for lighting, cooking and 

heating. Results hold that households ' size will influence the usage of electricity with effect 

sizes tending towards small for lighting (0.18) and cooking (0.15). Even though with an 

insignificant effect size, results also reflect that househo ld sizes show minor differences in 

electricity usage for heating for I to 3 members (78.5%), 4 to 6 members (74.4%) and 7 and 

above members (67.6%). 
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Table 9 Household size influence on the usage of LPG's 

Usage of LPG's for cookine 
Usaee of paraffin for coo kine 

Household size 
Description 

Measurements Yes No Total P value Effect size 
1 to 3 house hold Frequency 7 149 130 
members Percentage 4.50% 95.50% 100% 
4 to 6 household Frequency 17 113 156 0.03 0.14 
members Percentage 13.10% 86.90% 100% 

7 and above Frequencv 4 30 34 
Percentage 11.80% 88.20% 100% 

Us age of gas for cook 

House hold size 
Description 

Measurements Yes No Total P value Effect size 
1 to 3 house hold Frequency 29 101 130 
members Percentage 22.30% 77.70% 100% 
4 to 6 household Frequency 41 115 156 

0.06 0.13 
members Percentage 26.30% 73.70% 100% 

7 and above 
Frequency 14 20 34 
Percentage 41.20% 58.80% 100% 

Table 9 reflects results for household s ize influence on the usage of LPG's for domestic 

activities. Results reflect that households w ith more members tend to utilise LPG ' s for cooking. 

Households with I to 3 members use paraffi n less for cooking (4 .5%), compared to households 

with 4 to 6 members (13.1%), and 7 and above mem bers (11.8%). Households with 1 to 3 

members also use gas less for cooking (22.3%), com pared to households with 4 to 6 members 

(26.3 %), and 7 and above members ( 41.8%). Effect sizes tending towards small are reflected 

for paraffin (0.14) and gas (0.13). 
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Table 10 Household size influence on the usage of biomass 

Usage of Biomass 
Usage of wood for cooking 

Household size 
Description 

Measurements Yes No Total P value Effect size 
I to 3 house hold Freauencv 22 134 156 
members Percentage 14.10% 85.90% 100% 
4 to 6 household Frequency 17 113 130 
members 13.10% 86.90% 100% 

0.05 0.09 
Percentae:e 

7 and above 
Frequency 8 26 34 
Percentae:e 23.50% 76.50% 100% 

Us age of coal for cooking 

Household size 
Description 

Measurements Yes 0 Total P value Effect size 
I to 3 house hold Freauencv 6 150 156 
members Percentage 3.80% 96.20% 100% 
4 to 6 household Freauencv 8 122 130 0.29 0.09 
members Percentage 6.20% 93 .80% 100% 

7 and above Frea uencv 2 32 34 
Percentae:e 5.90% 94.10% 100% 

Us age of wood for heating 

Household size 
Description 

Measurements Yes No Total P value Effect size 
1 to 3 house hold Frequency 22 134 156 
members Percentage 14.10% 85 .90% 100% 

4 to 6 household Frequency 17 113 130 
members Percentage 13.10% 86.90% 100% 

0.13 0.11 

7 and above 
Frequency 9 25 34 

Percentage 26.50% 73.50% 100% 

Us age of coal for heating 

Household size 
Description 

Measurements Yes No Total P value Effect size 
1 to 3 house hold Freauencv 10 146 156 
members Percentae:e 6.4 93 .6 100% 
4 to 6 household Freauencv 12 118 130 

0.26 0.09 
members Percentage 9.2 90 .8 100% 

7 and above Freauencv 5 29 43 
Percentage 14.7 85.3 100% 

Table 10 reflects results for household size influence on the usage of biomass for domestic 

activities. Results reflect that household size will not sign ificant ly influence the use of biomass 
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for domestic activities. For instance, the usage of wood for heating when the frequency of 

participants and percentages scored are compared reflect that household size with I to 3 

members ( 14.1 % ) and 4 to 6 ( 13. l % ) reflect a similar capacity of wood usage for heati ng. 

Table 11 Household size influence on the usage of renewable energy 

Usage of renewable energy 
Usage of solar for heating 

Household size 
Description 

Measurements Yes No Total P value Effect size 
I to 3 house hold Freauencv 12 I 18 130 

members Percentage 9.20% 90.80% 100% 

4 to 6 household Frequency IO 146 156 
0.26 0.09 

members Percentage 6.40% 93.60% 100% 

7 and above 
Frequency 5 29 34 
Percentage 14.70% 85.30% 320 

Table 11 reflects results for households' size of renewable energy for heating. Resu lts reflect 

that households ' size has a limited influence on domestic so lar energy usage. There is no 

consequentia l effect on househo ld sizes and usage of so lar energy for heating for households 

with 1-3 members (9.2%), 4 to 6 member (6.4%) and 7 members and above (14.7%). 

5.4 Education 

Education is a primary exogenous factor that has significantly been agreed upon in existing 

literature as a primary determinant of households' energy choice. This factor assessed the 

opinions of participants by evaluating the influence of primary income earners educational 

levels on household ' s fuel choice. 
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Table 12 Educa tion 's influence on usage of electricity for domestic activities 

Usage of electricity for lighting 

Qualifica tion levels Description 
Measurements Yes No Total P value Efrect size 

Grade 12 and below 
Frequency 52 2 54 
Percentage 96.30% 3.70% 100% 

Diploma FreauencY 57 I 58 
Percentage 98.30% 1.70% 100% 0.5 0.07 

Degree Freauencv 86 5 91 
Percentage 95.50% 5.50% 100% 

Post-graduate Freauencv 106 7 113 
Percentage 93 .80% 6.20% 100% 

Usage of electricity for cooking 

Qualifica tion levels 
Description 

Measurements Yes No Total P value Effect size 

Grade 12 and below Freauencv 37 17 34 
Percentage 68.50% 31.50% 100% 

Diploma 
Frequency 48 10 58 
Percentage 82.80% 17.20% 100% 
Frequency 81 10 91 

0.18 0.12 
Degree 

Percentage 89% 11% 100% 

Post-graduate 
Freauency 96 17 113 
Percentage 85% 15% 100% 

Usage of electricity for heating 

Qualification levels 
Description 

Measurements Yes No Total P value Effect size 

Grade 12 and below Frequency 37 17 54 
Percentage 68.50% 31.50% 100% 

Diploma 
Frequency 48 IO 58 
Percentage 82.80% 17.20% 100% 

0.03 0.15 
Degree Freauencv 86 5 91 

Percentage 95.50% 5.50% 100% 

Post-graduate 
Frequency 96 17 113 
Percentage 85% 15% 100% 

Table 12 present resu lts on the influence educational level on household's electricity usage for 

lighting, cooking and heating. Effect sizes tending towards small are reflected for cooking 

(0.12) and heating (0 .15), while lighting reflects equal capacity usage within across ed ucational 

levels (0.07). Results reflect that participants with higher qualifications such as postgraduates 

(85%) and degrees (89%) use electricity most for cooking, compared to participants with 

diploma (82.8%) and grade and below (68 .5%). For heating, participants with higher 
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qualifications ; post-graduates (85%) and degrees (95%) use electricity most for heating 

compared to participants with a diploma (82.8%) and grade and below (68.5%). 

Table 13 Education 's influence on usage of LPG's for domestic activities 

Usage of LPG's 

Usage of paraffin for cooking 

Educational leve ls 
Description 

Measurements Yes No Total P value Effect size 

Frequency 18 95 113 
Grade 12 and below 

Percentage 15.90% 84.10% 100% 

Frequency 6 48 54 
Diploma 

Percentage 11.10% 88.80% 100% 
0.01 0.19 

Frequency 3 88 91 
Degree 

Percentage 3.30% 96.70% 100% 

Frequency 2 56 58 
Post-graduate 

Percentage 3.40% 96.60% 100 

Usage of Gas for cooking 

Educational levels 
Description 

Measurements Yes No Total P value Effect size 

Frequency 19 94 113 
Grade 12 and below 

16.80% 83.20% 100% Percentage 

Diploma 
Frequency 15 43 58 

Percentage 25.90% 74.10% 100% 

66 91 
0.02 0.18 

Frequency 25 
Degree 

Percentage 27.50% 72.50% 100% 

Frequency 21 33 54 
Post-graduate 

Percentage 38.90% 61.10% 100% 

Table 13 reflects results on the influence of educational level on the usage of LPG 's for 

domestic activities. Resu lts reflect that educational leve l will significantly influence the usage 

of LPG 's with. Results reflect effect sizes are tending towards small for the u age of paraffin 

(0.19) and gas (0.18) for cooking. Participants with lower educational levels such as grade 12 

and below (15.9%), diploma ( 1 I. 1 %) tend to use paraffin most for cooking compared to 

participants with higher educational leve ls; degree (3.3%) and postgraduate (3.4%). 

Alternatively, participants with higher quali fications; postgraduate (38.9%) and degree 

(27 .5%) tend to use gas most compared to participants with lower qualifications ; diploma 

(25.9%) and grade 12 and below (16.8%). 
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Table 14 Education's influence on Biomass usage for domes tic activities 

Usa ge of Bioma ss 

Usage of wood for cooking 

Qualification levels 
D escrlptlo 11 

Measurements Yes No Total P value Effect size 

Grade 12 and beb"· 
Frequency 31 82 l 13 

Percenta2e 27.40% 72.60 % 100% 
Frequency 4 50 54 

Diploma 
Percentage 7.40% 92 .60% 100% <0.001 0.29 

Degree 
F requency 7 84 9 1 
Percentage 7.70% 92 .30% 100% 

Po t-graduate Frequency 2 56 58 
P ercentage 3.40 % 96.60 % 100% 

Us age of c oal fo r c ooking 

Qualification levels 
D escription 

Measurements Yes No Total P value Effec t size 

Grade 12 and bebw 
Frequency 6 107 113 
Percental?e 5.3 0 % 94 .7 100% 
Frequency 4 50 54 

Diploma 
P ercentage 7.40 % 92.60% 100% 

Frequency 3 5- 58 
0.52 0.08 

Degree 
Percentage 5.20% 94.80% 100% 

Post-graduate 
Frequency 2 89 91 
Percentage 2.20% 97.80% 100% 

Usa ge of wood fo r heating 

Qualification levels 
D escrip t ion 

Measurements Yes No Total P value Eftect size 

Grade 12 and below 
Frequency 27 86 113 
Percentage 23.90% 76.10 % 100% 

Diploma 
Frequency 8 46 54 

Percentage 14 .80 % 85 .20% 100% 
<0 .001 0 .2 0 

Degree 
Frequency 8 83 92 
Percentage 8.80% 91 .20% 100% 

Post-graduate 
Frequency 4 54 58 
Percemage 6.90% 93.10% 100% 

Us a2e of coal fo1· hea tin2 

Qualification levels 
D escription 

t-.1easurements Yes No Total P value Effec t size 

Grade 12 and below 
Freauencv 6 102 108 
Percentage 5.30% 90 .10% 100% 

Diploma 
Frequency 9 82 101 
Percentage 9 .90% 90 .10% 100% 
Frequency 48 

0 .3 1 0 .09 
Degree 

6 50 

Percentage 11.10% 88 .90% 100% 

Post-graduate 
Freauencv 3 55 58 
Percentage 5 .20% 94.80% 100 
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Table 14 presents results on the influence on educational qualification on the household use of 

biomass fue ls (wood and coal). Results reflect that ed ucational qualification has a significant 

influence on the usage of wood for cooking and heating. The usage of wood reflect effect sizes 

are tending towards medium and small for cooking (0.29) and heating (0.20) respectively. The 

results reflect that participants with lower qualifications; grade 12 and below (27.4%) and 

diploma (7.4%) uses wood most for cooking compared to participants with higher 

qualifications; degree (7.7%) and post-graduate (3.4%). Results also reflect that participants 

with lower qualifications; grade 12 and be low (23.9%) and dip loma (14.8%) util ise wood most 

for heating compared to participants with higher qualifications; degree (8.8%) and 

postgraduates (6.9%). 

Table 15 Education's influence on renewable energy for domestic activities 

Usage of renewable energy 
Us age of solar for heating 

Qualification levels 
Description 

Measurements Yes No Total P value Effect size 

Frequency 2 111 113 
Grade 12 and below 

Percentage 1.80% 98.20% 100% 

Diploma 
Frequency I 90 100 

Percentage 1.10% 98 .90% 100% 
0.05 0.16 

Frequency 3 51 54% 
Degree 

Percentage 5.60% 94.40% 100% 

Frequency 5 53 58 
Post-graduate 

Percentage 8.60% 91.40% 100% 

Table 15 reflects results for educational qual ification on the usage of renewable energy for 

heating. Results reflect an effect size, tend ing towards small (0 .16). Participants with higher 

qualification ' s; postgraduate (8.6%) and degree (5.6%) uses solar energy most compared to 

participants with lower qualifications; dip loma ( 1.1 %) and grade 12 and below ( 1.8%). 

5.5 Gender 

Gender is primary determinant to the usage of energy types. The wil l influence energy choice 

usage across all energy sources for domestic activities. In this factor, an assessment was done 

the on the males and females participant with regard to the different energy sources for 

domestic activities. 
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Table 16 The influence of gender on electricity usage for domestic activities 

Gender influence on e lectricity usage 

Usage of electricity for lighting 

Gender 
D escription 

Measurements Yes No Total P value Effect size 
Frequency 153 3 156 

Male 
Percentage 98.10% 1.90% 100% 

0.01 0.14 
Frequency 154 13 167 

Female 
Percentage 92.20% 7.80% 100% 

Usage of electricity for cooking 

Gender 
D escription 

Measurements Yes No Total P value Effect size 
Frequency 65 91 156 

Male 
41.60% 58.40% 100% Percentage 

0.01 0.16 
Frequency 63 104 167 

Female 
Percentage 37.70% 62.3%% 100 

Usage of electricity for heating 

Gender 
D escription 

Measurements Yes No Total P value Effect size 

Male 
Frequency 121 35 156 
Percentage 77.60% 22.40% 100% 

0 .34 0.05 
Freauencv 122 45 167 

Female 
Percentage 73.10% 26.90% 100% 

Table 16 presents results on the influence of gender on electricity usage for lighting, cooking 

and heating. Effect sizes tend ing towards sma ll are reflected for lighting (0 .1 4) and cooking 

(0.13), while heating reflects a lesser effect size (0 .05) . Results reflect that male participants ' 

use electricity most for lighting (98 .1 %), compared to fema les (92 .2). Results also reflect that 

male participants ' use electricity most for cooking ( 41 .6%), compared to fema les (37 .7%). 
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Table 17 The influence of gender on LPG's usage for domestic activities 

Gender influence on LPG'S usage 
Usage of paraffin for cooking 

Gende r 
D escription 

Measurements Yes No Total P value Effect size 

Frequency 39 117 156 
Male 

Percentage 25% 75% 100% 

120 167 
0 .27 0 . 1 

Frequency 47 
Female 

Percentage 28.1 71 .90% 100% 

Usage of Gas for cooking 

Gender 
D escription 

Measurements Yes No Total P value Effect size 

Male 
Freauencv 45 11 I 156 
Percentage 28.80% 7 1.20% 100% 

0.26 0.11 
Female 

Freauencv 39 128 167 
Percentage 23.40% 76.60% 100 

Table 17 reflects results on the influence of gender on the usage on LPG ' s. Results tend to 

reflect relative usage of LPG's among males and fema les participants. Alternatively, resu lts 

also reflect that paraffin is used for cooking most by females (28.1 %) compared to males 

(25%). Results also reflect that gas is used for cooking most by males (28.8%) compared to 

females (23.4%) . However, inconsequential effect sizes are reflected for gender influence on 

LPG's usage. 
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Table 18 The influence of gender on Biomass usage for domestic activities 

Gender influence on Biomass usage 

Usage of wood for cooking 

Gender 
D escription 

Measurements Yes 0 Total P value Effect size 

Freouencv 19 137 156 
Male 

Percentage 12.20% 87 .80% 100% 

Frequency 51 116 167 0.06 0.14 
Female 

Percentage 30.50% 69.50% 100% 

Usage of coal for cooking 
D escription 

Gende r 
Measurements Yes No Total P value Effect size 

Frequency 6 16 1 167 
Male 

Percentage 3.60% 96.40% 100% 
0.26 0.06 

Frequency 10 146 156 
Female 

Percentage 6.40% 93 .60% 100% 

Usage of wood for heating 

Gender 
D escription 

Measurements Yes No Total P value Effect size 

Male 
Frequency 23 144 167 

Percentage 13 .80% 86.20% 100% 

Frequency 156 
0.05 0.03 

Female 
25 131 

Percentage 16% 84% 100% 

Usage of coal for heating 

Gender 
D escription 

Measurements Yes No Total P value Effect size 

Male 
Frequency 9 147 156 
Percentage 5.80% 94.20% 100% 

Frequency 18 149 167 
0.10 0.09 

Female 
Percentage 10.80% 89 .20% 100% 

Table 18 reflects resu lts on the influence of gender on the usage on biomass for cooking and 

heating. The usage of wood for cooking reflect an effect size, tend ing towards small (0.14). 

Results reflect that wood is used mostly for cooking by females (30.5%), compared to males 

(12 .2%). Results also reflect a noteworthy difference ion the usage of coal for heating for 

female (10.8%) and male (5.8%). 
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Table 19 The influence of gender on renewable energy usage for domestic activities 

Gender influence on renewable energy usage 

Usage of Solar enere:v for heating 

Gender 
Description 

Measurements Yes No Total P values Efrect size 

Male 
Frequency 19 137 156 
Percenta!le 12.10% 87.90% 100% 

0.42 0.07 
Freauencv 4 120 167 Female 
Percentage 2.60% 97.40% 100% 

Table 19 reflects results on the influence of gender on renewable energy usage for heating. 

Results reflect solar energy is most used for heating by male participants (12.1 %), compared 

to female participants (2.6) . However, the effect size is insignificant. 

6. CONCLUSIONS 

The empirical research was aimed at assessing determinants of energy fuel choice in the South 

African household context by cap italising on the energy ladder and stacking hypotheses in the 

Gauteng and orth West province of South Africa. Results maintained s imilar ideology to 

some existing studies in the theoretical findi ngs. However, there are some findings that reflect 

unique to the South African context. 

Findings reflect that high- income household tends to use more advanced energy sources of 

energy fuels as compared to low-income households who utilises advanced energy fuels lowest. 

Electricity is reflected to be used on comparable capacity by income groups for lighting. 

E lectricity is mostly used by high-income groups for cooking and heating compared to low­

income groups. LPG 's reflect to be significantly used by income groups for cooking. The low­

income households tend to use paraffin most for cooking as compared to high-income 

households that tend to use more of gas. Solar energy is most ly used by high-income 

households for heating. Low-income households tend to use wood fuel significantly for 

cooking and heating. Coa l tends to be used equally by income groups for cooking. Th is might 

be possibly explained by the fact that, coal is usually indispensable for barbeques " braai" in 

South Africa by households regardless of income status. Findings also reflect that monthly 

electricity expending above R300 is highest with high-income households (81.1 %) compared 

to low-income households (27.8%) 

Results reflect that household size will influence the usage for lighting, cooking and heating. 

Households with more members tend to use LPG ' s for cooking most compared to households 

with fewer family members. Household size reflects a limited influence on biomass usage 
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except for wood for heating. Implying that household size will influence usage of LPG ' s as an 

alternative cooking fuel more as compared to biomass. Findings also note that household size 

has no influence on the usage of solar energy for water heating. Results reflect that education 

is a primary factor in determining household energy fuel choice. Household participants with 

higher educational qualification levels (Post-graduates and degree) tend to use electricity most 

for lighting, cooking and heating. Usage of LPG 's reflects that household participants with 

lower academic qualifications (Diploma and grade 12 and below) use paraffin most for cooking 

while participants with higher qualification tend to use gas most. For biomass, education 

reflects to immensely influence the usage of wood fuel for both heating and cooking. Findings 

also reflect that education has a small impact on the usage of solar energy for water heating. 

The influence of gender on energy choice reflects that male participant maintain to use 

electricity most for lighting, cooking and heating compared to female participants . The usage 

of LPG ' S also reflected that males uses gas more as an alternative fuel for cooking while 

females used paraffin most. Biomass reflect insignificant differences usage capacity except for 

the usage of wood for cooking with an effect size tending towards small. Findings also reflect 

that male participants note to utilise solar energy most for heating compared to female 

participants. 

7. FI AL STATEME T 

This paper will extensive contribute to policy as it has create awareness to important 

determinants that drive household fuel choice. The empirical research will assist policy makers 

on how to capitalise on important human tendencies to influence growth in clean fuel usage 

and reduction in biomass usage. Behavioural studies on household energy usage have the 

capacity to enrich government policy on green economic development and empowerment and 

poverty alleviation. The findings of the paper has identified important factors to designed 

programs that will improve sustainable energy consumption and growth in the South African 

house hold sector. Such programs can improve reduction in the usage of primitive energy fuel 

sources to reduce environmental pollution and to improve households' indoor air quality . There 

is, an urgent need for the government to concentrate resources and efforts on programmes and 

measures that will address energy requirements of low-income households if not, health and 

safety issues relating to energy usage and household energy security will never be adequately 

addressed. 
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Appendix 2: Domestic sector empirical research data collection instrument 

Researcher: Ben Ateba (PhD) 

Student Number: 21994358 

Contacts: 0736902154 

Supervisor: J.J Prinsloo (Promoter) 

Contacts: 0829040977 

Email:hein.prinsloo@llwu.ac.za 

Dear Participants (Households) 

For office use only; Respondent code ... 

Voluntary Questionnaire for PhD studies 

Thank you very much for your willingness to complete this questionnaire regarding the Impacts of the 

low electricity supply on the South African domestic sector and resulting consumption behaviour. 

The purpose of the questionnaire is to collect data that can be used to: 

a) Determine the consequences of poor electricity supply to households. 

b) Assessing resulting consumption tendencies. 

This study is focus on the electricity grid in South Africa only. The grid electricity consists of electrical 

power supply to consumers with Eskom Limited as the main administrator. This is an anonymous 

survey that will take respondent a maximum of 10 minutes to complete. You cannot be identified and 

the answers will be used for academic research purposes. Only members of the research team will have 

access to the information . As respondent, you are not obliged to complete the questionnaire. Completion 

of the questionnaire also indicates your consent that the data may be used for the purposes of this study 

and any subsequent study. Accompanied is also a signed and stamped letter authorised from the research 

office. 

Please answer all the questions. There is no right or wrong answers . 

Thank you so much for your participation 
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Please provide th e required information by marking with an (X) in the appropriate 

space provided. 

Section A: Biography 

1. In which city do you live? 

I Pretoria North 

2 Soshanguve 

3 Auckland 

4 Soweto 

5 Riviera park 

6 Extension 39 

7 Potch Town 

8 Ikakeng 

2. Biographical information (P lease mark the (0 E) most applicable option at a ll questions) : 

Gender Type of Household Marital Status Qualification Income contribution 

member 

I Male Father Married Grade 12 and below Primary income earner 

2 Female Mother Single Diploma Not the primary income 

earner 

3 Child In a relationship Degree 

4 Tenant Divorced Post Graduate 

5 Grand parents 

3. Please indicate the number of household members per category: 

4.1: Household members 4.2:Househould 4.3: Total number 

18 years and younger member19 years of age household members 

and older 

1 I - 3 
members 

2 4 - 6 
members 

3 7 - 9 

mem bers 

4 10 and 

more 

members 
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4. Indicate the type of electricity meter on the property you are staying at: 

I Prepaid meters 

2 Conventional 

meters 

5. Total monthly electricity expenditure of the household: 

I RIO - R50 

2 RSI - RIOO 

3 RIO! - RI SO 

4 Rl5 l - R200 

5 R201 - R250 

6 R25 1 - R300 

7 Above R301 

6. Total Gross (pre-tax) monthly income of the household: 

I Less than R 15, 000 

2 R 15 ,00 I - R25 , 000 

3 R25 ,00 I - R34,000 

4 R34,00 I - R46 ,000 

5 Above R46 000 

Section B: Operational reliability 

Supply sufficiency Strongly Disagree Neutral Agree Strongly 

disagree agree 

I 2 3 4 5 

I. The supply of electricity in South Africa is: 

a) Sufficient 

b) Consistent(low voltage) 

c) Without interruptions (blackouts) 

d) A llows to perform basic household activities. 

2. Future electricity supply will be without interruptions. 

3. Electricity supply strength allows for e ffective functioning 

of household . 
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Statements Yes 0 Don't know 

I. Are you aware of the government scheduled free monthly 

electricity (50 kwts per household)? 

2. Do your household make use of the government scheduled free 

monthly 50kwts electricity? 

3. Is the 50kwhs electricity enough to meet your household 

demand? 

4. Has your residential area experienced electricity interruptions 

(black-outs) in the last 6 months? 

Section C: Supply adequacy 

Service quality Strongly Disagree Neutral Agree Strongly 

disagree agree 

l 2 3 4 5 

I. Electricity supply volumes meet the households in South 

Africa ' s demand. 

2. Multiple electric appliances (e.g. stove, geyser & kett le) 

can be used simu ltaneously in your house. 

3. Load shedding has an effect on household functioning 

(e.g. study time for school children). 

4. Unannounced load shedding destroys home appliances. 

5. Domestic family comfort (watching Tv, heating water, 

security lights, and pool pumps) has been influenced 

negative ly by inconsistent electricity supply. 

Health Risk 

I. Alternative sources for heating and cooking ( e.g. paraffin 

and wood) cause health problems. 

2. Alternative sources for heating and cooking could 

contribute to hazardous consequences (e.g. acc idental 

arson). 

3. Continues coal usage by e lectricity producers causes air 

and environmental pollution . 

Cost reliability 

I. Electricity pnce increases IS relatively higher than 

increases to your household ' s di sposable income. 

2. lncreased electricity fees impact on domestic electrici ty 

purchasing ability. 
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3. The current cost of electricity is acceptable. 

4. Future electricity price increases is a threat to domestic 

electricity purchase ability. 

5. Due to the increasing high cost of electricity, you tend to 

rely on alternative energy sources (wood, paraffin or 

candles). 

Section D: Consumption behaviour 

Energy saving activities Strongly Disagree eutral Agree Strongly 

disagree agree 

1 2 3 4 5 

I. In your household you switch off li ghts when leavi ng a room. 

2. ln your household you switch off geyser at certain times . 

3. 1n your household you use warm clothing or blankets instead 

of a electric heater. 

4. 1n your household you switch appliances (e.g. routers and 

modems) on standby mode when not in use. 

5. You report members of society that gain electricity ill egally . 

6. Itemised billing could contribute to more effective electricity 

usage. 

Indicate which 1 2 3 4 5 6 7 8 9 10 
of the following 

appliances .... Fridge Geyser Cooking Air- Pool Space Iron Kettle Washing Micro 

sto ve 
conditioner 

heater 
(clothing) machine 

pump wave 

oven 

I .are being used 

In your 

household? 

2.usage has been 

reduced due to 

electricity cost 

and supply? 

3. do you 

demand all day? 
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4.used in your 

household are 

older than 5 

years? 

6. can you 

function 

without? 

7. are being 

used during 

warmer 

summer 

months? 

8. Are being 

used during 

colder 

winter 

months? 

Section E: Usage of other sources of energy 

Indicate the main source of energy for the fo llowing activities in your household : 

Activities I 2 3 4 5 6 7 

I. 

2. 

3. 

Electricity Paraffin Gas Solar Generator Wood Coal 
Lighting 

Cooking 

Heating 

Thank you so much for accepting our invitation, to be a participant in this empirical research 

Ben Ateba 
PhD Candidate 

265 



Appendix 3: Industrial sector empirical research data collection instrument 

For office use only; Respondent code . .. 

Voluntary Questionnaire for PhD studies 

Researcher: Ben Ateba (PhD) 

Student Number: 2 1994358 

Contacts: 0736902 /54 

Supervisor: J.J Prinsloo (Promoter) 

Contacts: 08290409 77 

Email:hein.prinsloo@n wu.ac.za 

Dear Participants (Business Industries) 

Thank you very much for your willingness to complete th is questionnaire regarding South Africa 
industrial electrical power supply and industrial growth. 

The purpose of the questionnaire is to collect data that can be used to: 

c) Determine the consequences of poor electricity supply on industrial activities. 

d) Assess electric ity mitigat ion activities for grid short fa ll s 

e) Eval uate e lectricity consumption contro l programs towards efficiency 

This study is focus on the electricity grid in South Africa on ly. The grid electricity cons ists of electrical 

power supply to consumers with Eskom Limited as the ma in adm inistrator. 

This is an anonymous survey that will take respondent a max imum of 10 minutes to complete . You 

cannot be identified and the answers will be used for academic research purposes. On ly members of the 

research team wi ll have access to the information. 

As a respondent, you are not ob liged to complete the questionnaire . Completion of the questionnaire 

also indicates your consent that the data may be used for the purposes of this study and any subsequent 

study. 

Accompanied is a signed and stamped letter authorised from the research offi ce. 

Please answer all the questions. There is no right or wrong answers . 

Thank you so much for your participation. 
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I 

2 

3 

4 

5 

Please provide the required information by marking with an (X) in the 
appropriate space provided. 

Section A: Biography 

I . In which province does your company operate 

I Gauteng 

2 North West 

2. In which industry does your company operate (choose most applicable option) 

Services Tick Manufacturing Tick Mining Tick 

X X X 

1 Supermarkets Construction Minerals (Goal 
(Cold-chain) materials & Diamond) 

2 Financials Chemicals Mining 

purifi cation 

3. Profile (Please mark the most applicable option at all questions) 

Tick Gender Tick Highest Tick How many Tick Business 
qualification years have category 

Capacity X X X been X you 
in the working for 
company the company 

Owner Male Grade 12 & 0-5 Small 
below 

Manager Female Diploma 6- 10 Micro 

Director Degree 11- 15 Medium 

CEO Post Graduate 16-20 Large 

So le More than 20 
proprietor 

4. Total monthly expenditure on electricity 

1 R5 ,001 - R 10000 

2 RI0,00 1 - R15,000 
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3 Rl5,00I - R20,000 

4 R20,001 - R25 ,000 

5 R25 ,001 - RJ0,000 

6 More than RJ0,000 

5. Cost per unit of electricity (optional) 

l 0.8cent - 0.16 cent 

2 0. 17 cent - RI .50cent 

3 RI .51 cent to R2 

4 R2.1 cent to R3 

5 R3.1 cent to R4 

6 More than R4 

6. Indicate your electricity meter type 

1 Prepaid meters 

2 Conventional meters 

Section B: Levels of supply adequacy complimenting business growth 

Strongly Disagree Neutral Agree Strongly 
disagree agree 

Importance of electrical energy 

I 2 3 4 5 

I. Electrical energy is mainly used as energy source 

2. Electricity disruptions has a negative effect on 

your company's production levels 

3. Consistency in electricity supply is necessary for 

your business growth 

Supply sufficiency 

I. Electricity supply vo lumes is sufficient to meet 

bus iness demand 

2. Your organisation is optimist ic about future 

consistency in electric ity supply 
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3. Currently In South Africa, businesses are 

operating in an energy crisis environment. 

Operational vulnerabilities 

1. Your organization's production reliability is 

affected negatively by inadequate electr icity 

supply 

2. Your organization have experienced industrial 

equipment damages due to inconsistent electricity 

supply 

3. Electricity supply inconsistency contributed 

towards a reduced workforce (labour) m your 

organisation 

4. Production deadlines have been influenced 

negatively by e lectricity supply inadequacy 

5. Electricity inconsistency has a negative effect on 

employee motivation levels in your organisation 

6. Productive working hours are be ing reduced due 

to electricity supply: 

a. Inadequacy 

b. disruptions 

7. Electricity supply inadequacy caused a decline in 

your product range (product lines closure etc. ) 

8. Electricity supply inadequacy : 

a. had a negative influence on communication 

technology infrastructure in your organisation 

b. resulted in a loss of data in your organisation 

9. Electricity supply inadequacy has a negative effect 

on investments possibilities in your industry 

I 0. Electricity supply inadequacy has negatively 

effect financia l market behavior in your industry 

in the: 

a. Short term 
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b. Long term 

11. Your company have lost direct investment 

possibilities due to electric ity uncertainties 

12. Electri city cost has a significant effect on profit 

margins in your organisation 

13 . E lectri city price increases are being spi raled down 

to the final consumer (business ' s) 

Business performance 

1. Your business growth (I inked to performance) has 

declined s ince 2007 due to instability of electricity 

supply 

2. Your business growth ( linked to performance) has 

declined since 2007 due to the general economic 

downturn 

C. Control programs 

Strongly Disagree Neutral Agree Strongly 
disagree agree 

Mitigation control 

I 2 3 4 5 

I. Your organisation have an adequate understanding 

of electricity CflS IS management programs (e. g 

alternative power sources) 

2. Electricity crisis management programs have been 

successfully implemented in your organisation 

3. Alternative electr icity generating systems (for 

examp le solar power and generators) have been 

adopted successfully 

4. The organization ' s alternative power systems IS 

capable of solving any form of grid short-fall 

5. Your organisation have been able to acquire 

investors to sponsor your energy mitigation 

programs 
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6. Trade un ions are invo lved with the stabilizing of 

electricity supply (strategic discussions with 

suppliers) 

7. Commercial business fo rums are invo lved with the 

stabilising of electricity supply (strategic 

discussions with suppliers) 

Intensity control 

I. Electricity effic iency within your industry is 

important to the publ ic sector (NERSA / DME). 

2. Electricity distribution control programs have been 
introduced successfully to stabilize intensity in : 

a. High demand industries 

b. Low demand industr ies 

3. Conservation of available power has become a 

major focus in your business strategy 

4. Your organisation take part in efficiency programmes 
such as: 

a. Reducing electricity consumption 

b. Guidelines toward a cleaner emission control 

C. Facing-off energy intensive operational activities 

5. Administrators (Eskom, NERSA): 

a. levy penalties m cases of non-comp I iance to 
efficiency control policies 

b. ensure administration m cases of levy to non-
compliance to efficiency control policies 

6. There is a general corporate awareness towards efficient 
use of electricity 

7. The general organisation attitude towards energy control 
is 

a. positive 

b. negative 
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8. Do you think that controll ing industri al energy 

consumption is important 

9. Administrators have established guidelines towards 

cleaner emission control 

Please mark the most applicable option Yes No Pa rtially 

Would you be interested in participating in energy saving 

activities 

Thank you so much for accepting our invitation to be a participant in 

this empirical research 

Ben Ateba 
PhD Candidate 
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Appendix 4: Data used for article 4 analyses 

Y e ars 
19980.1 
19980.2 
19980.3 
19980.4 
199901 
199902 
199903 
199904 
20000.1 
20000.2 
20000.3 
20000.4 
20010.1 
20010.2 
20010.3 
20010.4 

20020.1 
20020.2 
2 0 020.3 
20020.4 
20030.1 
20030.2 

20030.3 
20030.4 
200401 
200402 
200403 
200 404 

200S0.1 
200S0.2 
200S0.3 
2 00S0.4 
20060.1 
200602 

200603 
200604 
20070.1 
20070.2 
20070.3 
20070.4 

20080.1 
200S0.2 
20080.3 
200 BQ.4 
20090.1 
200902 

200 90.3 
200904 
20100.1 
20100.2 
20100.3 
20100.4 

20110.1 
20110.2 
20110.3 
20110.4 
20120.1 
20120.2 

20120.3 
20120.4 
20130.1 
2 0 130.2 
201 30.3 
20130.4 

201401 
201402 
201403 
201404 
201S0.1 
201 S0.2 

201S0.3 
201S0.4 

LOG_EP LOG EC LOG_CV 
9 . 726272933 10. 7271S848 S.S59S27119 
9 . 766292313 10. 76774788 S . S710 12697 
9 .7796801S7 10. 79S91S83 S . S7S949103 
9 . 717338681 10. 72891221 S . S82744146 
9 . 706681602 10. 72117268 S . 5S2184091 
9 . 7289S5S78 10. 77444613 S . S6S286397 

9 . 78227991 10. 8136998S S . S81614841 
9 . 7251978S7 10. 76S06863 S . S6S669173 
9 . 720S85827 10. 7S709404 S . S30222424 

9 . 796292021 10. 80S31418 S . S6681662 
9 . 8134S343 10. 842S9S97 S . 624017S06 

9 . 7S990S824 10. 78448266 S . S77463108 
9. 729S5074S 10. 76333491 S . S69488887 
9 . 76S833387 10. 80431941 S . S89493328 
9 . 836332277 10. 8S12S7S7 S . S868740S6 
9 . 746833742 10. 778S1869 S.S178S4422 

9 . 739261284 10. 77808091 S . S03296947 
9 . 83306S088 10. 8634314 7 S . S4946S114 
9 . 86946S304 
9 . 830217691 
9 . 808462332 
9 . 87S1909S3 

9 .930324206 
9.898826708 
9 . 877605483 
9 .930~64881 
9 . 9673S3973 
9 . 912496847 

9 . 88842467S 
9 . 9326S793 

9 . 948986S93 
9 . 924319062 
9 .91383384S 
9 . 967447781 

9 .99378S191 
9 .961048663 
9 .9S3229644 

10.0047798 
10. 037S37S6 
9 . 990078008 
9 . 9S8449111 
9 . 98943S86S 
10. 01966931 
9 . 938468S21 
9 . 8648S0669 
9 .9416S0014 

10. 00703643 
9.9S170612S 
9 . 948078436 
9 .9900321S4 
10. 00432787 
9 . 984929281 
9 . 963406043 
10. 01270064 

10. 014S816 
9 . 981S59088 
9 . 9S6080003 
9 . 9666S0127 

10. 01413407 
9 . 964300392 
9 . 93S422171 
9 . 9824373S6 

10. 0081178 
9 .946786477 

9 . 937067386 
9 . 968713337 
9 . 997478681 
9.947073723 
9 . 937067386 
9 . 944917362 
9 . 9S939S184 

9 . 9302 268S 

10. 89943938 
10. 8S300027 
10. 83799141 
10. 88S49112 

10. 9227499S 
10. 8916S233 
10. 88941628 
10. 92899137 

10. 9644672 
10. 91113S21 

10. 89314026 
10. 93916004 
10. 9S486846 
1 0 . 930 97971 
10. 91476114 
10. 978S0704 
11. 00088243 
10. 96S03813 
10. 968S94 76 
11. 0170S413 
11. 04876076 
10. 991729S9 

10. 96002706 
11. 00223317 
11. 0360S028 
10. 93880499 
10. 88S02281 
10. 9S609081 

11. 017S1377 
10. 96816381 
10. 96412102 
11. 00771737 
11. 02033261 
10. 98647846 

10. 97831931 
11. 02S03481 
11. 02S14883 
10. 98784878 

10. 9696283 
10. 97866061 

11. 00S24489 
10. 9S598609 

10. 92S1468 
10. 98S69942 
11.01993976 
10. 9S976629 

10. 94711S53 
10. 98009279 
11. 00780023 
10. 9631S109 

10. 9S8722S 
10. 96900831 
10. 971S03 17 
10. 94082 709 

S . 612763076 
S . S778412S1 
S . S34S745S7 
S.622S72419 

S . 681S36866 
S . 660178837 
S . 637998734 

S . 6S63414 
S . 698099692 
S . 6S878S109 

S . S72S34188 
S . 677096209 
s . 712081277 

S . 66711849 
S . S823678S3 
S.6S5642099 

S . 69642212 
S . 692047218 
S . 668S00661 

S . 66296048 
S . 6903S94S4 
S . 6S5991811 
S . 622S72419 

S . 7212949 
s . 740114404 
S . 667809814 
S.S9247840S 
S . 676411278 

S . 77393023S 
S . 6736668S1 
S . 671603S76 
S . 63013S934 
s . 787817204 
s . 732369932 

S . 647917342 
S . 671603S76 
S . 713402718 
S . 692721S27 
S . 677438499 
S . 7232S82S1 

S. 741399338 
s . 713402718 
S.65S29226S 
S . 7S3S24S67 
s . 744924418 
S . 661S70626 

S . 6S5642099 
S .7S669113 

s . 768633447 
S . 71009S837 
S . 70S780477 
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S . 6896835S 
s . 7027819 74 
S . 649326289 

LOG_CP LOG E PR 
3 . 332204S1 N o data 

3 . 347680 S64 N o data 
3 . 311S16991 N o data 
3 . 313942339 No data 

3 . 294973S3 No data 
3 . 262S749S6 No data 
3 . 183870216 No data 
3 . 172203417 No data 
3 . 202746443 No data 

3.29S714636 No data 
3 . 332204S1 N o data 

3 . 423718S33 No data 
3.S81664442 No data 
3 . S83796678 No data 
3 . 5S1147824 No data 
3 . 4861S1088 No data 

3 . 401197382 
3 . 28291297 

3. 1S0738302 
3 . 333S14366 
3 . 302481409 
3 . 2449333S9 

3 . 474292937 
3.6683S7818 
3 . 761200116 

4 .009S2714 
4 . 180139922 
4 . 08162S686 

3 . 887336793 
3 . 872934923 
3.91 4934762 
3 . 73236S098 
3 . 92238S133 
3 . 98061S 797 

3 . 9S774S612 
3.919330242 
3 . 965S63772 
3 . 98S212127 
4 . 116S9S171 
4 . 462S311S9 

4 . 69932S1S3 
4 . 8278S7633 

S . 06S54637 
4 . S33781S9 

4 . 234203601 
4 . 116921116 

4 . 14S671189 
4 . 2369S3174 
4 . 447S89631 
4 . S19794198 
4 . 489871S62 
4 . 64S76495S 

4 . 799S273S7 
4 . 80S388961 
4 . 768308923 
4 . 6807135S6 
4 . 663410792 
4. S48282324 

4 . 482098188 
4 . 463S2943 
4.4S0S8091 
4.39896364 

4 . 302S003S6 
4 . 43113S796 

4 . 37407888S 
4 . 330426714 
4 . 264977236 
4 . 202401938 
4 . 144632018 
4 . 122760317 

4 . 01 2 447358 
3 . 952377691 

3 . 392482413 
3 . 396675016 
3 . 434931222 

3 . 4369674 
3 . 447921132 
3 . 450175895 

3 . 499841694 
3 . 501796523 
3 . 512802278 
3 . 5162913S8 
3.547068201 
3 . 556709486 

3 . 563333547 
3 . 574204984 
3.601340603 
3.582303147 
3 . 581616489 
3 . 588120781 

3 . 65341805 
3 . 647687896 
3 . 648210178 
3.652378643 
3 . 732183589 

3 . 72134147 

3. 723280881 
3 . 728100167 
3 . 958270257 
3 . 982170765 
3 . 982170765 
3 . 979058407 

4.186113124 
4 . 193687006 
4.194189897 
4 . 194692536 
4 . 354141431 
4 . 359269648 

4 . 361823927 
4 . 366489896 
4 . 515245478 
4 . 517795106 
4 . S19249124 
4 . 521788S77 

4 . 608165695 
4 . 613468989 
4 . 615450495 
4 . 616110126 
4 . 683981366 
4 . 683981366 

4 . 684905154 
4 . 68490S154 
4 . 7521S2376 

4. 7527277S 
4 . 751864565 
4 . 751864S65 

4 . 8 5 7484115 
4 . 857484115 


