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1 ABSTRACT

Rapid urban growth in the world’s cities, partialyan the Global South has placed unprecedentedade

for energy supply that keeps vital urban energyesys functioning in order to support life and eaomm
activities in urban areas. Cities are the net coress of energy (electricity) and other life-suppuat
services, as a result they require proper planaing coordination to ensure the resilience and gnerg
security of urban areas. South African Cities, heaesistently been experiencing energy shortagesigh
rolling blackouts that date back to 2008.The staiiys to develop a holistic framework that informs
appropriate innovations that enable the achievenoénénergy security at City Power in the City of
Johannesburg. The work adopted a mixed methodeagpthat uses both quantitative and qualitative.da
Specifically, data was collected through intervieasrveys and observations; reviews of publishednals,
journals reports and government policy documengsciptive statistics, content analysis, narraginalysis,
and discourse analysis were used to sieve infoomdtom the data. The research findings reveal that
residents of the City of Johannesburg are only ebéecess electricity for an average between fel@s in

a day due to energy shortages. The city of Johénngss experiencing vulnerability of energy sysseim
the form of energy blackouts as the result of eneayer cuts at the City of Johannesburg. The vpodits
that, through an energy planning model, the Cityaifannesburg, through its power utility City Poweuld
plan for the mitigation of energy black outs thrbugiplementation of microgrid planning. Consequentl
the study recommends that the City of Johannesbuglows the existing legal frameworks and other
planning laws that are available to develop spatehs for infrastructure development for renewadrlergy
within its area of jurisdiction. The framework feustainable energy (electricity) security in thdéyGs
developed by combining technological innovationthwpatial planning.

Keywords: energy security, energy planning, spalahning, cities, urban growth

2 INTRODUCTION

Rapid urban expansion in the world’s cities is plgaunprecedented demands on multiple life-suppgrti
services like energy (Sperling & Burke, 2017). \Wdimr cities are the net consumers of energy and othe
life-supporting services, and that as a resultiregicoordination that takes into account urbarnesys that
are critical to the future well-being of communstiand ensures the resilience of urban areas. Téte fi
industrial revolution was a result of efficient egye consumption that was used to support the eiqiosf
population growth during the 1700s in EuropearesitiThe cycle continues three centuries laterndutie
present era of the fourth industrial revolutionedo the absolute dependency on energy of contempor
society. The present and future of society are ilggat on the ability of cities to have energy sigur

The idea of energy security in the Republic of 8oMfrica has been one of the issues facing the tcpun
evident through power cuts that have lingered fydars and counting. South Africa has been exparig

a series of power cuts since 2008 due to the etated electricity utility Eskom’s insufficient powe
generation capacity (Shapely & InglesiLotz, 2022The existence of modern society is dependent on
energy (electricity), whereby towns, rural areasl aities require some sort of energy to enablenconities

to function across the full spectrum of variousemaurs.

Energy security concerns are aligned with Unitetldva Sustainable Development goals with speoifau$
on Goal 7 (Affordable Clean Energy).The goal ofoadfible clean energy is interlinked with other
Sustainable Development Goals as stated in theetNations policy brief as it outlines the linkdggtween
SDG 7 with other linkages namely: linkage betwerargy and education (SDG 4) “Energy is critical in
ensuring schoolchildren's access to educationaicesrsuch as information and communication teagol
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(ICTs).” (UN Policy Briefs, 2022: 12) , linkage aten energy and Gender equality (SDG 5) is du®te*

to their gender roles and responsibilities, womendisproportionately affected by unequal energyess,
and creating an enabling environment for womenWigiaation in the energy sector includes gender
responsiveness in energy planning, legislation, ragdlation ” (UN Policy Briefs 2022: 37), and Lenje
between energy and sustainable land use (SDG ¥3)e\Rable Energy land system interlinkages have four
dimensions: sustainable natural resource managenedfitient use of land and biomass resources,
appropriate land system governance, and implicationland users' well-being ” (UN Policy BriefsQ22:
47).

The question of energy security in South Africa hasreceived the attention that will bring abosease of
urgency; hence, energy issues have lingered foosilitivo decades. Apart from the intent by the diate
provide a policy framework through the National B®pment Plan, according to the fourth chaptehef t
National Development Plan, "South Africa needs tntain and expand its electricity, water, transpand
telecommunications infrastructure in order to suppeonomic growth and social development goals”
(NDP, 2030:163), Such acknowledgment was formakigenin 2013 when the policy framework was made
official; however, the expansion of energy generatias not materialized. The purpose of the stadp i
develop framework (Localised Energy Planning Modet)technological innovations for energy secuiity
the City of Johannesburg.

CITY OF JOHANNESBURG N

Social Facilities A

Johurg

Figure 2.1.1: City of Johannesburg Power Grid (Seu@ity Power Integrated Report 2021). (Source: Cityér Integrated Report
2021)
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3 BACKGROUND

Secondary data is the data that has already bdlented through primary sources by other partied made
readily available for other researchers to user tben respective research projects. In the corméxhe
current study as it is about studying energy secumi the City of Johannesburg. It is importantgioe a
background information about the source of eleityrién terms where does it comes from before spati
entity called City of Johannesburg could consummritvarious purposes by all who live in the cifyo
present evidence about the energy security it {gomant to take into account the steps that preteee
distribution of electricity in South Africa. Due gystem of governance in the republic of Southdafthat is
made up of three branches of the state which arelya National Government, Provincial Governmemd a
Local government, in this case the major sourceelettricity comes from the state-owned entity that
operates to the national level. The entity is resgae for generating electricity from the nationevel
through its network of power plants that are disttéd in all nine provinces of South Africa. Accogl to
the Eskom’s Integrated Results (2019), the totatinal capacity as of March 2019 amounted to 45GW.Ci
of Johannesburg is situated in the Gauteng prowvamcithe city has its own electricity distributinatwork
which is shown in figure 6.3.1. The network of gy of Johannesburg carries 12GW of electricitgtth
runs the city and keeps urban energy systems rgresnwell as the city functional according to City
Power’s report of 2021.The figure below shows thapnof electricity distribution of the City of
Johannesburg.

The comparison of the total energy capacity ofdbentry compared to the one of the City of Johabmes
indicates that almost 25% of the national grid gnes consumed by the City of Johannesburg when it
comes to ratio. The City of Johannesburg metragolihunicipality with its population size is bigghan
other nation states in the globe and also in tiic@d continent, whereby that alone creates a faethe

city to place a strong emphasis on energy planimtight of the new policies that have been sigmd law

by the National government of South Africa thabat local governments to have their own generating
capacities. Whereby the generating capacity begitisplanning that is informed by sufficient dakeat put

all the material factors into the table that sh#pe dynamic of the City. One of these dynamicshis t
demographic growth of the City of Johannesburg. Aiyothesis of the study is that “as populatiorihef
spatial entity continues to growth, that puts puesson the current energy capacity that needséano far
future needs.”

Hours of national load-shedding
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(EskomSePush, 2023).

There are numerous studies that have been attenptedicover energy planning and security in the
developing world in the global South. Where thet&lies have been conducted with an objective of
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understanding the extent of energy security in ibgheg nations including African continent. The &t
study focuses on the local government context dig@rthe energy security and subsequent developaient
technological innovations that are aimed towardprawing the stable access to electricity in they Git
Johannesburg. From the basis of that informatiendiéta will demonstrate the actual issue that acmg

the City of Johannesburg when it comes to factoas ¢ontribute to energy security in the city, af¢he
issues among these are disruptions that are céwyspdwer outages at the demand for energy outdtnigs
supply. At the core of energy security affecting tBity of Johannesburg are power outages or energy
blackouts that are known as load shedding, thisedgphenomenon that has characterised South Afrlea.
figure 2.1.2 shows the number of load-shedding ficemch year from 2015 to date, sourced from
(EskomSePush, 2023).

4 CONCEPTUAL SYNOPSIS

One of the objectives of the new democratic disgeois in the republic of South Africa after 1994sna
transform spatial partners that were informed kyphst spatial planning. There were various meashedt
were taken by the state in the interim like, whigds the part of the freedom of movement in the trgun

live in cities because of pull factors in the urkameas. It was until 2013 where the law that gowvehe
overall land use in all spheres of the governmemely (a) Local government, (b) Provincial governine
and (c) National government. The passing of thetiSipRlanning and Land Use Management Act 16 of
2013, did set up a legal framework that will guggetial planning in the republic. Spatial transfation is
informed by Spatial Development Frameworks (SDFgreby according to section 12 subsection (1) of the
SPLUMA Act states that “12. (1) The national andvancial spheres of government and each municipalit
must prepare spatial development frameworks thanhtarpret and represent the spatial developmisndry

of the responsible sphere of government and competghority; (b) are informed by a long-term sahti
development vision statement and plan;(c) reprebenintegration 32 32 and trade-off of all relelvaector
policies and plans;” (South Africa, 2013:21) .Sahatransformation follows the guide lines of theatspl
development frameworks that are aligned from acatisspheres of government, spatial transformaisoa
part of strategic spatial planning. Strategic spatlanning in the post-apartheid era has attempbed
promote more compact and integrated cities, armddoess patterns of inequality of the past (Tod642).
One of the objectives of strategic spatial planrimghe post-apartheid South Africa was and stilthe
spatial transformation of planning patterns of past. There have been various reforms on the pslisy
South Africa government on energy security from4L8@ergy policy frameworks were aimed at improving
energy security based on the expected economictigramd expansion of service deliver to previously
disadvantaged groups. There are four key poliapémsiorks to be discussed namely: National Developmen
Plan, Integrated Resource Plan, National Elegyriéitt 34 of 2008 and the amendment of National
Electricity Act.

4.1 National Development Plan 2030

The National Development Plan is one of the unipgokcy frameworks as it attention not only focuses
the domestic affairs of South Africa, instead tludiqy looks at the orientation of South Africa adslsl
player in the rest of the world as the phenomenbmglabalization takes place in the wake of global
economic recession of 2008.From that standpoietetivas an understanding that International andmeb
developments affect the republic of South Africamultifaceted ways. Due to positive implications of
globalization for South Africa’s development, ndfwgtanding several notable risks (NDP, 2030:30).Gfne
the key objectives of the National Development Akro “ to invest in a strong network of economic
infrastructure designed to support the country'slioma- and long-term economic and social objectives”
Through “maintenance and expansion of electricitgter, transport and telecommunications infrastmect
in order to support economic growth and social vettgoment goals” (NDP, 2030:158).These policy
objectives are meant to increase the capacity oftSéfrican Infrastructure in terms of its ability support
economic growth , where the key infrastructure getfmat is constantly being highlighted in theseqgyol
frameworks is the issue of energy security.

4.2 Integrated Resource Plan

Electricity demand trends in South Africa as prtgeldn the period between 2010 and 2030 continuée t
visible with the current more supply of energy tbahtinues to fall under strain due to constant grosuts
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taking place in the South African energy grid. e (2019) attributes the South Africa’s industdatline
and dwindling economic growth prospects are dige@bksociated with decreasing electricity poor
accessibility, as the industrial sector is the ma&ionomic contributor to South Africa’s GDP. Mudhtloe
issues that are affecting the aggregated econamsgpgects of the country includes the insufficiam@y of
energy that is necessary to support economic groh@outh Africa. One of the issues that were atu@dad

by integrated resource plan was the issue of isargahe available supply of electricity by to emsthe
equilibrium between the available energy supply #ra demand of for electricity in South Africa. The
emergence of integrated resource plan (IRP) cantieeaslectricity capacity plan which a sole ohjexto
provide an indication of the country’s electricdgmand, how this demand will be supplied and wihaili
cost (Govender and Dempster, 2019).Over time betilee promulgation of the policy back in 2019 up to
today, South Africa has suffered worst energy datk in its history as the country has endured sirh60
consecutive days of load-shedding between Octdb22 and the 6th of February 2023 (Naidoo, 2023).The
efficacy of the Integrated Resource Plan accortiinthe studies that have been published and refiats
emerges seems to paint a picture that is compleiéfsrent from the original intent of the policg guide
the measures to energy security.

4.3 The National Electricity Act 34 of 2008

The formulation of the Act was an attempt to bridge gap between, fragmented development of energy
laws in the new South Africa and regulation on tree hand and environmental law on the other is
influencing against the adoption of a sustainabkrgy system in South Africa (Murombo, 2015).On¢hef

key objectives of the act is to ensure that diversergy resources are available to bring abousuktainable
energy mix in South Africa, through quantities tha¢ both sustainable quantities and at affordalite
objective is aligned with the wide definition ofexgy security that revolves around 4As which amaels:
physical availability; economic affordability; aa=bility from a socio-political standpoint; and
environmental acceptability (Fang, 2018).One of kbg aspects of the act is to “ to provide for gger
planning, increased generation and consumptiorenéwable energies”, as the study seeks to examine
energy security from planning standpoint within kbeal government context.

4.4 The amendment of National Electricity Act 34 of 208

The amendment of the National Electricity Act 342008 represented a major shift in the energy phann
ethos of the local government, meaning that thallgovernments are provided an opportunity undertta
participate in the energy generation initiativeghii the areas that fall within their jurisdictiobinder
chapter 5 Section (4) states that “Regulation thefRegulations is hereby amended by the additigheo
following sub regulation: "(3) A municipality. Asaorgan of state, may apply to the Minister to precor
buy new generation capacity in accordance withritegrated Resource Plan. The amendment reprabents
alignment between the objectives of the Nationalegoment and local government to pursue energy self
sufficiency. The act was amendment in the year 2028ccommodate municipalities with the provisian i
the law. Thus, creating the grounds for the studpe conducted that will enable energy planning Wit
address energy security concerns in the City chdoésburg. The amendment represents the currémbsta
the situation in terms of major regulations tha @overning electricity in South Africa.

5 RESEARCH METHODS

5.1 Research Design

The case study design was adopted for the resaariths profoundly relevant in offering a targetad in-
depth exploration of the intricacies and challengébin a specific context of the city. By focusiog City
Power in Johannesburg, the case study provideswacad understanding of the local dynamics, regylato
frameworks, and collaborative efforts in the pursifienergy security. This approach allows for taifed
examination of the practical implications of teclogical innovations within the unique urban langseaf
Johannesburg. The case study design enables thtdigdtion of context-specific barriers and oppumities,
fostering a more comprehensive and tailored framkewar advancing energy security through technalabi
innovations. Moreover, the insights garnered frbm tase study are not only valuable for City Powet
also serve as a rich source of lessons and recodatiens with broader applicability for other urbamergy
contexts, contributing to the advancement of snatade energy practices on a larger scale. 20
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5.2 Research approach

The research adopted a mixed-methods approacle asethodology was deemed highly relevant due to the
multifaceted nature of the established researclstoues. By combining both qualitative and quanitiat
methods, this approach provided a comprehensivetlgough which to examine the complex interplay of
technological innovations and energy security iea-world urban setting. The qualitative elemehthe
work allowed for an in-depth exploration of contgdt nuances, capturing the perspectives of key
stakeholders, and elucidating the intricate dynamuithin City Power. On the other hand, the quantie
element assisted with facilitating the gatheringeoipirical data from the respondents, thus enalilieg
measurement of the impact of technological innavestion energy security metrics. The mixed methods
approach not only enhanced the robustness of tiiy,sbut also ensured a more holistic understandfng
the factors influencing the success of the propdsachework. The approach enables the synthesis of
qualitative insights with quantitative data to pmod a well-rounded examination of the critical e&su
surrounding technological innovations for energyusity in the specific case of City Power, Johaihuoeg.

The purpose of data analysis is to establish mgérimsights from raw data that has been colleetgt an
objective of answering research questions as @aklas goals and objectives of the study, identfiyepns
that are reoccurring, and extract valuable inforomathat will be useful to answering the questiodmce

the study is a mixed methodology study, it has lguth numerical and non-numerical data that has been
obtained from the survey of participant that weampgled in the study. The study has three parts yaifa@
Demographic profile, (b) Public sentiment arouncergyg security, and (c) Public opinion on possible
solution for possible solutions for energy blacksou

6 RESULTS AND DISCUSSION

6.1 Demographic profile of participants

The 21st century is currently undergoing a sigaificmajority of the world’s population preferring ltving

in urban centres (Katleni et al.,2016). The Cityyohannesburg with its large population is onéhefrhajor
contributors to the Gauteng and South African eopnoand its economic growth rate is larger than the
national and provincial levels of government (Kdinea2013). The city of Johannesburg offers insighith

its demographic profile into urban governance dradinteresting interaction between managing theateis

for infrastructure in a rapidly urbanizing contextthe spatial entity (Abrahams & Everatt, 2019%eTcity
has the diverse population groups with differenele of social status and different participatiemdls on
the economy. Demographic profile of the sample aheavs the composition of participants that took ra
the study, it is broken down into five key categernamely: economic status, citizenship, genderitaha
status, and number of people in the household.

Economic status

The composition of participants that were sampled 82% Self-employed, 32% employed, 14%
unemployed and looking for employment, 12% not eygd and not looking for employment and 10% was
a subset of participants who indicated that they sill busy with their studies to get skills affelient
training institutions. The informal sector is digjuishing feature of emerging and developing ecéesm
particularly in Africa and Latin America (Bargaimé Kwenda, 2011). The inner city of the City of
Johannesburg has huge number of people that atelmmimess owners (Zulu,2020) that are self-emgdby
and another percentage is for people who are emglapd working for someone else in different indest
within the City of Johannesburg, followed by 10% stéident population as the city has many training
institutions for different skills. The massive gihwof private student housing across cities glgball
including the developing world, and much of this feeen attributed to the increased neo liberadisaind
mainstreaming of higher education (Gregory & Rogers2019) and other group is for people who are
unemployed made up of those who are looking forkvear the active basis and those that have giveonup
finding work opportunities. The high levels of ung@doyment in South Africa are a key concern for ygpun
people after leaving school. (Graham and Mlatsh2@i5). Unemployment is responsible for increase in
urban poverty in the post-apartheid period (Craaksi2022).
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6.2 Citizenship

The City of Johannesburg is made up of differetibnalities within the City of Johannesburg as titg is
understood as the cultural melting pot, (Harrisodak, 2012) meaning that the city is made up fiédént
nationalities, whereby according to the surgershibws the 66.7% majority by South Africans and %3.3
foreign nationals from the sample that was willingparticipate voluntarily in the study. Earliem,2015, the
United Nations had already projected out that pajmh growth in the 21st century will be conceradat
mainly in African continent (UN-DESA, 2015). Africés experiencing unprecedented urban growth
(Totafori, 2020).

6.3 Sex

Show the gender composition of the participants ih&roken down between males and females, whereby
males make up the majority of the participants W and 42% females that took part in the survey.

6.4 Marital Status

This part refers to social composition of the masints, whereby singles make up the majority @& th
population by 64% followed by 34% and 2% of divatc&he data point helps to identify the family
composition of participants who took part in thedst

6.5 Number of people in the household

Refers to the number of people within the househldh@re each participant resides composition of the
participants, whereby households with people frefr2presents the high number of households witien
sample, followed by households with those househualidh 6-10 people within the households and these
living alone.

6.6 Public sentiment around energy security

One of the strong sentiments that have been higieligby the participants of the study with regatals
energy security is the response around the nunfbdeuws in a day community have been without eleityr
is the financial implications of energy securityattare high cost of living and high input cost afird)
business. The data further suggest that in the 3@22 an equivalent of 82 days was lost due to powts
as the result of energy blackouts as national engrip was unable to sustain the supply of enelidye
power cuts are also being experienced by the Gitjobannesburg since it also gets electricity fiate
owned power utility ESKOM. The survey revealed tifiet communities are able to access electricityfre
12 hours in a day by vast majority of householdad Ahe mean or average number of days in which
households without electricity is 6.97 days, megrimat there is a slow response in resolving atattr
related disruptions that take place outside blams @alone. That on its own indicated the vulnerigbof
vital energy systems of the city in terms of unktadbectricity grid.

6.7 Discussion

The use of solar energy and other renewable ersolyions has been suggested by communities as the
initiatives that the City of Johannesburg could erkbupon to stabilise the local energy grid of the
municipality. Followed by the provision of free m@aslectricity for poorer households that are sgting to

keep up with the steep electricity prices. Theedep concerns about the affordability of eleityria the
future as the prices continue to climb. And theigssef vandalism has been highlighted as major cosce
among communities that participated in the surveganing that some of the vulnerabilities in thergye
systems are due to vandalism of the infrastructure.

According to the data it implies that entire coyrttias experienced load shedding or energy blacKouts
almost 2000 hours in 2022 meaning that if we dividenber of our by a day which is made up of 24 four
we have = 1949 hours X (Day/24 hours) = 81 day20B2 were equivalent to total darkness, 48 days in
2021, 35 days in 2020, 22 days in 2019.This mehatsdut of 365 days a year the City of Johannesburg
experienced an equivalent of 81 days of total des&rwithout any electricity. In light if the curtesituation
with regards to energy security in the City of Juiesburg that continues to grow quite significarily
terms of population the current capacity will na &ough to satisfy the demand that comes withnurba
future growth. According to WorldData (2023) theuBoAfrican electrical energy consumption per cajst

at an average of 3.377kWh, from this informatiois thheans that in proportion to population growtthef
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country as recoded from decade to decade the energs continue to grow. The specific referenchito
growth phenomenon of population in the local gowent of the City of Johannesburg grew from 4.2
million in 2011 to 6.2 million people in 2022 whidh information taken from Statistics South Afrizam
census data. This means that in the light of enghgytages that are currently being experienceithdygity
there has been and addition of 2 million people whed an average of 3.377kWh of energy on the daily
basis. The table below shows the electrical eneagpsumption per capita of South Africa in comparis
with USA (Data sourced from WorldData, 2023).

5.8.1. Energy consumption comparison Republic aftlSéfrica compared to United States of America

South African electricity | USA electricity consumption per

B EEmED Vel consumption per capita capita

Own consumption 202.29 bn kWh 3377.4 kWh 116958/hk
Production 231.85 bn kWh 3870.99 kWh 12147.64 kWh
Import 7.82 bn kWh 130.61 kWh 184.37 kWh
Export 14.48 bn kWh 241.79 kWh 42.41 kWh

Source: (WorldData, 2023)

Emanating from the two data points from figure 5.8nd 6.3.2 it is evident that the ability of thiyGf
Johannesburg to have energy security for the &agdall under its jurisdiction is a concern thaeds to be
addressed. As the city is currently being affedbgdexternal factors that directly affects how they c
functions on being the phenomenon of populatiomvgraand the other variables being its dependenoyn up
the capacity of the state-owned entity for its &leity. In this section we shall be presentingadpbints
from other studies with specific focus on energsusity and technological innovations in the urbantext.
This data will be presented in the form of codex thill be highlighted as key themes of the secondata
presentation namely: Technological innovations energy security, Urbanisation rate and energy ggcur
Industrialisation rate and energy security, Popotagrowth and energy, Energy consumption security,
Financial Development and energy security, Spatiale-offs and energy security

6.7.1 Energy consumption security

Following the global pandemic in the year 2020 2681 that was followed by the return to normal bess
activities that require the use of electricity twobs strong economic recovery drive a rapid reboarehergy
demand. Those energy demands raised concerns ahetdgy security in the globe ( Wang and Lee,
2020).With varying degrees of energy supply and ateimall over the world as cities where beginning to
return back to normal functioning this saw a sbiftsupply chain of energy products (EU Report, 2021
the column released by Reuters (2021) “Worldwidergy shortage shows up in surging coal, gas and oll
prices” according the publication prices for comitied began to climb as the world economy was
beginning to open up and that directly raise cameabout energy security for cities that is beifigcéed by
global commodities markets. The figure 6.3.2.1 Weshiows the timeline for energy prices from yea2®0

to 2021.

6.7.2 Technological innovation and energy security

The fourth industrial revolution has brought abantera known as Industry 4.0, and to keep up wih t
structural economic shift towards digitisation affious aspects of society through technologicabwation,
the role of innovation is being reinterpreted amtalyst for digital transformation (Chen et aD22).These
innovations have an effect in energy systems trat@sponsible for functioning of contemporary stgci
through improvement that is driven by extensive wdedge of how systems work over the years.
Improvements in energy use cannot be achieved utittechnological advances (Rip & Kemp, 1998).
Technological Innovations bring about efficiencytire production and use of energy in general and it
responsible for newer and greener modes of eldgtgeneration and improving energy security overal
through monitoring of the grid capacity (Rimannagt2015). With an intention of driving global
development that sustainable, technological inriomathave a significant role to play in improvingvh
global cities consume energy. Technological advawecd and development are regarded as the most
significant and practical technique to increasergneconsumption efficiency, storage efficiency and
generation from sustainable sources that are rdslegae, 2012).
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Figure 2.7.3 Coal Prices. Source: (EU Report, 2021)

6.7.3 Spatial Trade-offs and energy security

To achieve long-term carbon emission reductionetargand-based, utility-scale renewable energtesys
that generate power from solar or wind resourceseanerging as a clear choice. Local governments are
responding in kind by setting their own objectivawd/or rules to help renewable installations sutdee
their areas of responsibility (Guo et al., 2020pikhgt the of the demand for energy and relatedicsesv
grows to meet social and economic growth, anthrepimgygreenhouse gas (GHG) emissions and the
resulting atmospheric concentration have reachledtarical high relative to pre-industrial levelShange,
2014).The demand for land use in the urban arkadriithe City of Johannesburg where there is asivas
population growth due to urbanisation, massive dehfar energy (electricity) that is necessary tbamr
systems and vital services of the city. This witkate a competition between various land use reopgnts
due to competing land use interest of the city. Eloav, the need for the city to mitigate againstrtegative
impact of energy blackouts to stable local eleityrigrid, the spatial trade-offs is one of the fbbes
solutions for the city to allocate land that woblel dedicated for renewable energy and other teobied

for stabilising the local grid of the City of Johwasburg municipality.

7 CONCLUSIONS AND RECOMMENDATIONS

The study has found that the city of Johannestsuexperiencing vulnerability of energy systemshia form

of energy blackouts as the result of energy powes that have engulfed the entire country SouthcAfrin
the year 2022, the country lost an equivalent ajuat82 days without electricity as a result of eyer
blackouts. The study has discovered that througiggnplanning model for the City of Johannesbuing, t
city through its power utility City power could mlafor mitigation of energy black outs through the
implementation of microgrid planning to utilize bkewlogical innovations for energy storage sitesrisure
that there is minimized number of hours parts o tity without energy. The role of technology in
intervening in energy security would be to provitiga centres that would be responsible for momigotine
capacity of the electricity grid in all 135 wards the city of Johannesburg. The data from theldesa can
be potentially useful in quantifying peak periods électricity demand in each ward, and this wafulsn
determining the battery storage sites that couldfdpopriate for each site. The study suggeststhinatigh
urban planning, the control of land use 89 is thenflation to strategically develop the technoldgica
infrastructure that supports energy systems oCiheof Johannesburg with an aim of securing steblergy
supply. Based upon the study conducted, this sectidlines the recommendations that can be addpted
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the City of Johannesburg in terms of energy plajsitnategies that aimed at protecting the localtettty

of the of the city grid from energy blackouts. Bjiéwing the existing legal framework and otherisgtive
mechanisms that are available to enable local govents to develop spatial plans that will enabke th
infrastructure development for renewable energyhiwitthe area that fall under the jurisdiction ot th
municipality.

The integration of energy planning into the scopemainstream planning. The integration of energy
planning into IDP (Integrated Development Plannipgdgrammes of the municipality, the inclusion of
energy planning into spatial planning by creatihg spatial development frameworks that will designa
certain land portions to support local energy grid.

Urban growth monitoring measures, by limiting loendity developments. The pursuit of energy security
the city requires land resources in the same wayutfban expansion does require land. In this way th
municipality could avoid urban expansion by low signneighbourhoods as that will take up more Idrad
could have been used for other purposes like gatedechnology and wind power sites.

Categorisation of vital energy systems that needbd prioritized first, in order to inform the egegr
planning priorities that need to be attended fickig to limited resources when it comes to capital
expenditure allocated to various infrastructuréatives.
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