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Abstract
Purpose of the paper
This study seeks to investigate the utility of the sports 
venues in a developing economy, post hosting a mega 
event, with a case study of the South Africa 2010 FIFA 
World Cup.  

The focus is on the gap between projected benefits and 
actual gains, often termed the event “legacy,” which often 
tends to manifest in the infrastructure developed for the 
mega event  in particular the sports venues that are usually 
characterized by budget overruns during development and 
thereafter are faced with post-event underutilization. 
 
Design
Primary data was collected on semi-structured interviews 
conducted on custodians of these sports venues that were 
newly built especially for the case study event which was 
FIFA 2010 World Cup. The sampling criteria was therefore 
purposive sampling method. 

Findings
The general finding is that most custodians were not 
involved in the planning of these facilities. Planning for the 
post-event utility was mostly done when the World Cup was 
over.  Majority of these venues continue to be sustained by 
the custodians (municipalities) meaning in effect they are 
funded by the people (ratepayers). 

Value of this paper 
This study provided necessary information on the 
awareness of the impact hosting a mega event has on a 
developing economy and subsequently also sheds light 
on how these sport’s governing bodies dictate to potential 
bidders, in most cases to their detriment when the event 
has been concluded. This paper is valuable to many 
stakeholders ranging from mega event organisers such 
as FIFA, IOC, Commonwealth, custodians of these sports 
venues such as Municipalities (eThekwini, Nelson Mandela 

UTILITY OF KEY SPORTS INFRASTRUCTURE  
POST HOSTING A MEGA- EVENT

Bay Municipality, etc.), organisations such as SMSA 
(Stadium Management South Africa) and to future mega 
events  bidders such as the recent Morocco bid to host 
the 2026 FIFA Soccer World Cup bid.  It also provides a 
theoretical framework as to the variables that are essential 
when organising a successful mega-event in a developing 
economy.

Keywords: Mega-event, Utility, Developing Economy, 
Custodian, and Legacy

INTRODUCTION
Hosting mega sporting events has historically been an 
exclusive activity for the developed nations. The  recent 
past has however noted a paradigm shift of the hosts. 
The shift is from the developed regions to those that are 
developing. Dating back to 2008 an upsurge of developing 
economies successfully obtaining the right to host 
international competitions has been noted. Organisations 
such as the International Olympic Committee (IOC) have of 
late been promoting bids coming from developing nations 
[1]. This initiative has resulted in experiencing mega-events 
such as China - 2008 Summer Olympics (Beijing), India - 
2010 Commonwealth Games, South Africa - 2010 World 
Cup, Russia - 2014 Winter Olympics (Sochi) and Brazil - 
2014 World Cup; 2016 Olympics (Rio), and Russia, 2018 
FIFA World Cup . Most recently, Qatar won the bid to host 
the 2022 FIFA World Cup tournament,[2]  and in contrast 
Durban, South Africa, pulled out of hosting the 2022 
Commonwealth Games due in part to the astronomical 
costs associated with the infrastructure required, [3]. 
Playing host to a mega-events events requires investing 
substantially in the infrastructural development, more so in 
the case of a developing economy.

There are basically two major elements that motivate a city 
or region to bid to host a sporting event [4]. The first being 
the need to stamp a country’s or city’s footprint on the 
world map, as is the case with most developing economies 
who tend the use of the event as a marketing tool. Mega 
events are highly effective to market the image of the 
country especially if the tournament was successful. A good 
example of this scenario would be Germany’s hosting of the 
2006 World Cup, [4] claim hosting the World Cup aided 
in the alteration of the previously negative perceptions of 
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Germany to one of a state which is friendly and hospitable, 
simultaneously assisting nation building in the relations 
between what was once East and West Germany. 

The second reason is that the hosting of a major event 
is further backed by the perceived guarantee of an 
economic windfall accompanied by a substantial urban 
makeover, [4]. An example in the case of South Africa’s 
government whose intention was to leverage the World Cup 
to assist in boosting economic development and halving 
unemployment by 2014 [5]. The hosting of the Olympic 
Games is characterised as a loss-making investment for 
host cities and that they rarely result in positive net profits 
[1].  These few success stories are normally alluded to the 

developed world as opposed to the developing and such 
provides clear evidence that these ventures could prove a 
little more complex for the latter as opposed to the former. 
Most importantly is the infrastructure burden that is 
imposed by the hosting of these sports events which only 
take place for a duration ranging from a few weeks to just 
over a month at most, yet the infrastructure that will be 
constructed for the hosting of the tournament would have 
taken a considerable amount of time to be constructed and 
will remain for an even longer period after the event, if it 
is not disposed of. Financial losses have been incurred by 
some hosts as exemplified by Beijing where only a third 
of major sport venues that were constructed for the 2008 
Beijing Olympic Games managed to break even [6].

FIG. 1
EXAMPLE OF A ‘WHITE ELEPHANT’ 1984 SARAJEVO OLYMPIC VILLAGE [16] 

The research seeks to investigate the utility of these  
key sports infrastructure formed a part of the FIFA 2010  
FIFA World Cup hosted in South Africa. 

LITERATURE REVIEW

Mega Events 
Mega events are not an entirely new concept as their 
occurrence can be traced back to the Olympics of Ancient 
Greece. Todays’ world is faced with global trends such 
as industrialization, de-industrialization, economic 
restructuring and globalization, while all these dynamics 
of the global economy are playing out, the promotion of 
‘mega-events have been used as a tactic by which host 
cities validate significant developments of renewal and 
regeneration, market their status, and entice new internal 
investment which will boost the economy and overall the 
improve the general infrastructural[6] . This leads to a 
question, what is a mega-event?

The answer (s) to that question lies in the vast  
sources of literature that provide differing definitions of 
a mega-event, however, there are few common themes 
that seems to be consistent throughout all the definitions 
and those are[5,8,9]: 

i. Fixed duration (short term). 
ii. Global appeal with high profile or impact.
iii. Substantial economic input.  

The incubation period is between 2-14 days with symptoms 
showing at an average of 5 days7,9. 

A mega-event is an exclusive, one-time nature event, 
which is related to a distinct place of occurrence, an 
example being, the Rio 2016 Olympics [8]. The place does 
not always require to be a singular city. It can also be a 
country or countries such as the case of FIFA World Cup 
which normally takes place in various locations or cities 
around the host country or in some cases, co-hosting as 
exemplified by the 2002 Korea-Japan World Cup or the 
2001 ICC Cricket World Cup co-hosted by South Africa, 
Kenya and Zimbabwe. A more comprehensive definition is: 

“A mega-event is a large scale, internationally sponsored, 
public entrepreneurship activity engaging a long-term 
multi-sector organization within the host city and nation 
with the double goal of supporting overall local and 
regional development and advancing universal values and 
principles to meet challenges.” [9] 

Current global view on Mega Events
Various researchers make note of the current trend that 
most countries are shying away from bidding to host 
mega events [1,5,6,10,11]. This trend has most recently 
been intensified by the reduction or total absence in some 
instances of bids emanating from the developed countries 
or as some scholars would put in ‘democratic countries’. 
Most of these democratic countries have of late had their 
bids withdrawn due to a lack of public support.  A contrast 
is noted between the bids submitted for the 2004 Summer 
Olympic Games whereby 12 different cities submitted as 
opposed to the upcoming 2020 edition which only had 
five bids submitted. Another scenario to best illustrate this 
reduction would be in the 2022 Winter Olympic Games 
which has just two bids currently being considered, and 
those are from Beijing and Almaty, Kazakhstan after the 
removal of the Oslo bid due to a lack of public support [9] .

The 2024 Summer Olympics started off in 2015 with 
bids from five different cities, namely Rome, Los Angeles, 
Budapest, Hamburg, and Paris. At the time the awarding 
of the bid had to be made there were only two candidates 
remaining, namely Paris and Los Angeles, after the other 
three candidates had pulled out for various reasons.  The 
2028 Summer Olympics on the other had only had one 
contender, Los Angeles [10].
                                                                          
The Rome 2024 Summer Olympics bid was dropped due 
to lack of public support, [11]. This lack of public support 
cannot be exclusively attributed to the public’s opinion of 
these events being viewed as a non-profitable investment, 
but perhaps could be more in line with the current global 
economy which has been experiencing minimal if not 
retarded growth of late, and that in turn could change the 
direction of the public’s priorities while also reducing in 
some instances the number of cities or governments that 
may even participate in the whole bidding process.

Mega Projects  
Hosting of mega-events often goes together with the 
development of mega-projects. A mega-project is generally 
classified as a project that among many attributes is a large 
scale, complex in nature, has a lengthy construction period, 
involving multiple participants both public and private, 
transformational and costs over $1 billion [5,12]. The $ 1 
billion amount however seems to be a constraint because 
the amount invested should be considered relative to the 
context or the economic level of the region for example a 
project of $ 150 Million can be considered a mega project 
in a developing economy. Therefore, a more comprehensive 
definition of a mega-project is:  

6
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TABLE 2.1
THE ‘FOUR SUBLIMES’ THAT DRIVE MEGAPROJECT DEVELOPMENT 

TYPE OF SUBLINE CHARACTERISTICS

Political
The rapture politicians get from building monuments to 
themselves and their causes, and from the visibility this 
generates with the public and media

Technological
The excitement engineers and technologists get in pushing the 
envelope for what is possible in "longest-tallest-fastest" type of 
projects

Economic

The delight business people and trade unions get from 
making lots of money and jobs off megaprojects, including 
for contractors, workers in construction and transportation, 
consultants. bankers, investors, landowners, lawyers. and 
developers

Aesthetic
The pleasure designers and people who love good design get 
from building and using something very large that is also iconic 
and beautiful. like the Golden Gate bridge

“Megaprojects are temporary endeavours (i.e. projects) 
characterized by large investment commitment, vast 
complexity (especially in organizational terms), and long-
lasting impact on the economy, the environment, and 
society" [13]

Historical evidence has revealed that mega projects are 
often characterized by poor delivery, both in terms of cost 
and time and generally most of them are considered a failure 
in terms of delivery [13].  Although having a megaproject 
ultimately proves beneficial, in most instances such as 
construction of bridges, dams, power plants, research has 
proven that it comes at a risk, especially with regards to 
the cost aspect, [13]. 9 times out of 10 development of 
megaprojects leads to cost overruns, and if it is not a cost 
overrun, they often go beyond the scheduled delivery period 
and in worst case scenarios they go both over budget and 
time. 

Megaprojects are sometimes viewed as catalysts for 
economic transformation with notable examples being 
projects such as Dubai International Airport which ranks 

among the world’s busiest and accounts for just over a 
fifth of the Emirates’ direct and indirect employment, and 
contributes to a quarter of its Gross Domestic Product[14]. 
That just goes to reveal the great depths, infrastructure, 
can have on an economy. Another notable example of a 
megaproject would be the Panama Canal which in effect 
has changed the course of world trade for the good [15].  
Some researchers argue the actual benefits of mega-projects 
built for a mega-event to the ordinary citizen and believe 
that they have more tangible benefits to policymakers as 
opposed to the ordinary person, [15,16]. Mega-events are 
often misrepresented to seem as if they are serving the 
interest of the public, yet they only serve those of a few 
special groups.  Danish scholar Bent Flyvbjerg, declares 
in his findings that contesting between megaprojects and 
their funders creates political and organizational strains that 
lead to the consistent overestimating of project benefits and 
the underestimating of project costs, [12]. He opines that 
the current mega-project drive as seen all over the world 
is attributed to what he terms the ‘Four sublimes’, markers 
shown on the table 2.1 below.

What you should know about mega projects and why: An Overview [12]

Mega-projects that look best on paper are those which 
costs, and benefits have been misrepresented the most. In 
addition, the best megaprojects do not get implemented, 
as they are not viewed favourably in contrast however the 
most favourable ones are those that appear best on paper, 
and those are the ones that get the green light from policy. 

The Socio-economic effects of  
hosting a mega-event (sustainability)

The hosting of these events has not always proven to be 
success as there is evidence that shows instances where 
various infrastructure developed for the event proves to be 
a challenge to utilise or sustain post-event, [17]. 

From an urban facilities management point of view, key 
elements of the sustainable cities’ agenda are highlighted 
in the four-context quadrant which is highlighted in the 
image below.

The above figure reveals the so called ‘white elephants’ 
to be a product of the confluence of two basic elements, 
which are having a building project that is well enabled in 
its implementation but however does not meet or serve the  
community needs, as shown in the fourth quadrant at the 
bottom right.  This information to a great extent backs the 
protesters of these tournaments such as the ones discussed 
earlier for Brazil 2014 as they clearly were questioning 

FIG 2.2 
FOUR CONTEXT QUADRANTS [17]
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the need for stadia at the expense of provision of housing 
and community infrastructure such as schools, etc. An 
opportunity that proves very costly specially to developing 
economies. 

History has revealed that various events have produced 
varying outcomes for the infrastructure-development 
investment made for a sporting event. There have been 
some sporting events that proved to be a success, and some 
a failure, and a few others just fell and struck a balance in 
between, [1]. Academic findings of sports facilities in host 
communities are nearly unanimous in obtaining little or 
no economic gains associated with stadiums and sports 
arenas, [18]. 
However, the failure in sporting infrastructure does not 
mean there has not been success elsewhere as there 
are events that have proven to have long-term economic 
benefits from the infrastructure developed. After Barcelona 
1992 Olympics the city, as a result from hosting the 
tournament, increased the number of tourists flocking to 
the city becoming the fifth most popular destination in 
Europe and even eclipsed Madrid in bed nights. In 1990, 
Barcelona did not even have half the number of bed nights 
Madrid had, [19]. The results in Barcelona are similar to the 
success in Salt Lake City and these can be attributed to the 
concealed quality of the cities as they were both ‘hidden 
gems’ locations that are highly attractive to tourists but 
that had previously been by-passed for their better-known 
neighbours in Madrid and Colorado respectively.  Such a 
strategy will not necessarily work for all other host cities. 

Another success story would be the hosting of the Olympics 
games in Los Angeles largely attributed to the lean budget 
that was put in place for the hosting of the event. The 
success of the 1984 Olympics was largely attributed to 
two main factors. Firstly, the City of Los Angeles’ insistence 
that as many existing venues as possible be used for the 
games. This led to only two new venues being built for the 
games. Furthermore, unlike for many other games, most of 
the costs were covered by private investors like McDonald’s 
and 7-Eleven instead of being borne by the taxpayer, [20]. 

An additional aspect that added to the LA games success was 
an element of luck-of-timing found in the newly conceived 
revenue channel of television rights. The rising revenue 
from Olympic television rights was a new opportunity for 
the 1984 Games that was previously unavailable. The Los 
Angeles Olympic committee sold the broadcasting rights 
to ABC for approximately US$ 225 000.00 (approx. R 3 
375 000 000.00 without adjustment for inflation) thereby 
ensuring crucial revenue in advance of the games. The low 
construction costs, in combination with television revenue, 

helped the Los Angeles Olympics become profitable for the 
city and avoid the common pitfalls of life after hosting the 
Games, [20].

Sporting Infrastructure and its impact  
Sporting venues which are form on integral part of  
mega-event infrastructure have in past proven time and 
again to be the most difficult of all the infrastructure to find 
a post-event use or to attain post event sustainability. 

“The full usage of roads, airports, housing, etc. afterwards 
is as critical as it is for hotels and restaurants. The sporting 
facilities themselves may be little used after the hallmark 
event” [21]

An assessment of ‘effects linked to sustainable development'  
found that the majority of the stadia that was used 
as venues for the 2010 FIFA World Cup are currently 
being underutilized and will continue to be so and their 
maintenance will constantly be a financial burden as a 
result [5]. 

South African sports analysts anticipate that in the event it 
is awarded IRB 2023 Rugby World Cup, aftermath events 
will be entirely contradictory to that of FIFA 2010, in 
the simple fact that all the minimum required (8) stadia 
which are a prerequisite to host the tournament already 
exist and have been homologated. Therefore it is evident 
that, existing sports venues or infrastructure proves to be a 
fundamental component of a developing economy hosting 
a profitable mega event [9]. 

It is however not all doom and gloom with regards to 
sporting venues as they have in certain instances shown to 
serve as a cornerstone in the promotion of a local economy. 
One scenario of such an economic model is the Wrigleyville 
neighbourhood in Chicago, which is home to the Chicago 
Cubs, a major league baseball team. The Cubs contribute 
notably to the neighbourhood economy, by serving as an 
attraction to sports fans and other tourists to the area, [1]. 
The baseball league attracts an estimated 3 million fans in 
one season to the area. These fans will partake in activities 
such as visiting shopping malls, restaurant and diners, bars 
and souvenir shops; as a result, a recreational zone has 
blossomed in the stadium’s surroundings with numerous 
dining and entertainment establishments having found 
opportunities in the stadium’s vicinity.

Apart from serving the event the sporting venues also 
play another key role for example, Portugal won the right 
to hold the 2004 European Football tournament ahead of 

favourites Spain albeit it had poorer stadiums and transport 
facilities. Granting the tournament to Portugal was a way 
of assisting both the country’s football and general sporting 
advancement. The same applied for the London 2012 
Olympics which left over a third of the city’s population 
acknowledging the positive impact that the sports facilities 
that were constructed impact on them. Some of the 
residents have even gone as far as taking up some of the 
disciplines as hobbies because of the tournament. 

From an architectural point of view, that the design of some 
of these sports facilities have been used as symbols to 
market mega events. In some cases, they have even formed 
part of the events emblem or logo with the remaining 
structure utilized as a tourism marketing tool for the city. 
Such examples include the Beijing Bird’s Nest stadium and 
the Durban’s Moses Mabhida stadium whose existence 
has become an iconic image of the city’s landscape and 
has proved beneficial tourism wise, [22]. The downside 
of architectural ambition has been the leading to cost 
overruns in most instances, a modern trend in these events 
is to design and build state of the art infrastructure with the 
most modern of features and specifications, which often 
turns out to be a costly exercise and is part of the reasons 
why these facilities end up having cost overruns. A notable 
example of ambition is the London 2012 aquatics centre, 
an initial cost of £75 million that ended up resulting in a 
final outlay of £269 million [23]. 

There is however a grey area to outline the distinction between 
non-sporting infrastructure such as accommodation, 
transport, security, and sporting infrastructure such 
as stadiums and arenas, as exemplified by London’s 
New Wembley Stadium. Upon renovation the stadium 
warranted the renovation of the underground train station 
and construction of new road networks to better handle 
traffic to and from the stadium. While it is obvious that the 
roads and railways do not form a part of the stadium, they 
would not have been built had the stadium not existed, [10]. 
Infrastructure investment in the various sectors discussed 
above tends to prove a lot more beneficial than not in the 
case of developing economies, as most of these areas that 
are developed e.g. road, rail, airports, ICT, to mention a few 
are built to support the successful running of the event, but 
in most cases are part of the near future development plans 
of the city or country. The mega event just proves to be a 
catalyst for these plans bar the sports infrastructure which 
is subjective and differs from host country to host country 
and in some instances, proves to be a challenge as to how 
to keep it viable and self-sustaining [15]. 

RESEARCH DESIGN  
AND METHODOLOGY 

“The research method is a strategy of enquiry, which moves 
from the underlying assumptions to research design, and 
data collection”- [24].

Although there are other distinctions in the research 
modes, the classification of research methods is most often 
categorised into the qualitative and quantitative.

“Qualitative research aims to explore and to discover issues 
about the problem on hand, because very little is known 
about the problem.”[25].  Quantitative research is mainly 
used to test a hypothesis and normally the research is 
conclusive in manner as it involves hard numbers, or is 
measurable,[25] unlike qualitative where the findings are 
largely based on judgement or opinions, [26].  
  
The research method will be qualitative, and an idiographic 
research design will be used focusing up on the 2010 FIFA 
World Cup. 

The data collection methods will be comprised of the 
following: 

1. Observations 
2. Interviews 
3. Relevant written documents / audio-visual 

material  

Purposive sampling was used and the sample comprised of 
6 custodians of the mega sports infrastructure that formed 
a part of the FIFA 2010 World Cup legacy, with three (4) 
from metropolitan cities namely Johannesburg, Cape Town, 
Durban, and Port Elizabeth and the other (2) from Nelspruit 
and Polokwane
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FIGURE 2
MOSES MABHIDA STADIUM (DURBAN) 

The analysis of data will be done using the categorization 
of data in terms of common themes, in addition to an  
amalgamation of the sample cases to form an overall 
portrait.[27] 

Research Limitations 
The research limitations were largely attributed to time and 
financial constraints, therefore a focus was given to FIFA 
2010 World Cup, as a case of a developing economy that 
has hosted a mega-event. In that selection not all sports 
infrastructure was investigated or analysed but rather 
a purposive sample was chosen. Based on the nature 
of this study one cannot be certain that the findings are 
generalizable to other situations or developing economies. 

Future research may also use these findings as a basis to: 

• Analyse the major risks associated with the 
infrastructure development for a mega event. 

• Develop a framework for a positive infrastructure 
development legacy of a mega event.

Research population and sampling 
A research population normally consists of all the items or 
individuals from which a conclusion wants to be derived.  
Qualitative research is usually defined by a non-probability 
sampling technique selection in other words; the research 
studies tend to use non-random selection of data 
sources, the researcher will select the sample population 
purposefully, [29]. 

This is termed ‘purposive sampling’ and herein individuals 
or objects under study are selected for a particular purpose 
and most notably being the fact that they are deemed to be 
capable to provide the most information about the research 
area, or in some instances based on their unique traits, 
attitudes, experiences or perceptions. 

The target population for this research are the custodians 
of these facilities or sports venues that were built for the 
FIFA 2010 World Cup, ignoring those that hosted some of 
the games but were already existing and basically required 
upgrades, such as Ellis Park or Loftus Versfeld which are 
primarily rugby stadiums but are also used for soccer 
games. This led to a sample size of Six (6) participants 
from all the custodians of newly built venues that hosted 
the 2010 FIFA Soccer World Cup. 

FIGURE 3
NELSON MANDELA BAY STADIUM (PORT ELIZABETH)

Since the design is a case study, it is deemed adequate to 
draw inferences about a developing economy faced with 
effects to conclude the study. The unit of analysis will be 
each sporting venue that was investigated.

The benefit of non-probability sampling is that it is an 
expedient way for researchers to accumulate a sample 
with minimal or at nil-cost and for those research studies 
that do not require representativeness of the population 
(Babbie, 1997).  In addition non-probability sampling is 
a brilliant technique to use when steering a pilot study, 
when endeavouring to interrogate groups who may feel the 
questions being posed are of a sensitive nature and may 
not feel the need to answer them honestly.

Data Collection  
Data collection is the process of getting together and 
computing information on beset variables in a conventional 
methodical manner, which will then enable one to respond 
to related questions and evaluate outcomes, [30]. The main 
factors that aid researchers when conducting a qualitative 
research are data and priority, [25]. Execution of data 
collection refers to the order that the research will follow to 
gather both the qualitative and quantitative data. 

The qualitative data will be primarily collected via  
semi-structured interviews. In addition to data from 
secondary sources such as the following: 

i. Published Documents - documents published by 
National/Local Government departments including 
authorities such as Municipalities, Sporting 
organisations of the various codes that have bid or 
hosted mega events  

i. Newspapers and Media – Local newspapers of the 
areas, in subject, Property development articles or 
magazines.

i. Journals – Urban planning, property development, 
economic   journals, etc.

i. Other sources - journalistic and internet articles, 
unpublished thesis and dissertations, and related 
books

FINDINGS 

General Information 

Interview Schedule 
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TABLE 4.1  
RESPONDENTS WORKPLACE DESIGNATION

TABLE 4.2  
STADIUM CUSTODIAN ROLES

TABLE 4.3  
THE STATUS OF THE SIX NEW STADIUMS OF FIFA 2010 WORLD CUP 

Respondents designation Code Respondents (No.) Organisation

Stadium Manager(s) Respondent A and (A1) 2 Stadium

Operations Manager Respondent B and  1 Stadium

Marketing and Events planner Respondent C 1 Stadium

Chief Executive of (managing org.) Respondent D 1 Management 
Agency

City Stadium Post Event Custodian
Custodian involvement 

during Bidding

Johannesburg FNB Management Company

Polokwane Peter Mokaba City Nil

Durban Moses Mabhida Management Company then City Yes

Port Elizabeth Nelson Mandela City Nil

Nelspruit Mbombela City Nil

City Size
Maintenance plan  

at Bid
Revenue vs 
CAPEX

Taxpayers’ 
burden

FNB 95,000 None ? No

Peter Mokaba 45, 000 None Less than Yes

Moses Mabhida 56,000 None Less than Yes

Green Point 55, 000 None Less than Yes

Nelson Mandela 
Bay 46,000 None Less than Yes

Mbombela 43,500 None Less than Yes

The table 4.1 above shows the workplace designation of the respondents 

Stadium Custodians  
The consensus from the respondents was that, there 
was minimal if at all any involvement of the post event 
custodians during the planning and construction phase of 
these venues. One respondent generalised that across the 

board South Africa did not have a plan for these stadiums 
post event. He opined that the general planning was 
illogical and therefore will most certainly lead to the current 
maintenance challenges faced by most of these custodians. 

The issues of  sustainability of the stadium proves to be a 
very huge challenge, and this is due in some instances to 
the size of the facilities, for example one stadium had 80 
000 regular seats and 8 800 hospitality seats compared 
to the average European Stadiums like Anfield, Stamford 
Bridge, which are almost always filled to the brim on 
every weekend, have 40, 000 seats and about 2, 500 
for hospitality.  This poses a challenge in terms of revenue 
generation versus maintenance per unit cost. This is a 
direct result of designing a facility strictly for a one-off event 

Pertaining to long-term economic benefits, there was a 
boost in economic activity resulting from the construction 
of the venue right up to the kick-off of the mega-event. 
Post-event inevitably resulted in a massive decline in 
activity, in and around the stadium precinct. One of the 
interviewees stated that they conducted a public survey 
that estimated that about 80% of the residents in the city 
of Port Elizabeth, have never been to the stadium and that 
is from an estimated population of 1.5 million  residents. 
This is due to a perception as some of the people who took 
part in the survey claimed, that the stadium was built for 
the World Cup. The City therefore embarked on a  massive 

and not considering the post event utility, because evidently 
utility of an 80, 000 seater stadium is a mammoth task 
by any means such a post event challenge could been 
averted by having the design incorporate temporary seating 
that could have been dismantled post event and therefore 
reducing the venue to a more sustainable seating number. 
The revenue deficit in relation to the venues capital 
expenditure therefore becomes the burden of the custodian. 
In most of these venues the custodian was none other than 
the local city. 

marketing campaign to create awareness for the stadium 
and to even shy away from the name ‘stadium’ but rather 
term it a ‘multi-purpose’ venue and that means each and 
every event can be accommodated at the venue and means 
business conferences, weddings, parties, etc have been 
hosted in the venue.

14
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The FIFA 2010 World-Cup  
Bidding process    
To illustrate a clearer picture of the 2010 FIFA World Cup, 
we will begin at analysing the bidding process. For the 
2010 FIFA World Cup, South Africa was bidding against 
four other African states namely Tunisia, Morocco, Egypt, 
and Libya. The bid for the 2010 World Cup was a first of 
its kind in the sense that the rights to host were strictly 
reserved for a single continent, Africa. The reservation 
of the bids solely for African states presented a unique 
opportunity for the continent as it eliminated competition 
from the more powerful European and supposedly more 
suitable candidates to host such events. The elimination 
of ‘stronger competition’ would lead one to assume that 
bids from the interested African states would be of a more 

conservative or reasonable nature, however the reality 
contrasted with that. 
The South African bid was met with a huge enthusiasm 
from the public, [32]. The total investment in infrastructure 
was pegged at USD $112,000,000 which was an 
extremely conservative amount, however, the reality of the 
proposed infrastructure posed was closer to tenfold the 
amount reported in the bid book, [33]. The Government of 
South Africa had funding pledged to South African Football 
Association to the tune of USD $ 31,600,000 to renovate 
stadiums and training facilities, while the estimated 
construction cost of the future Port Elizabeth stadium alone 
was approximately USD $36,000,000, [32]. The table 
below illustrates how much the bid from South Africa had 
underestimated the cost per seat of the new and renovated 
stadia.

TABLE 4.4  
STADIUM CONSTRUCTION COSTS IN US DOLLARS [32]

STADIUM CONSTRUCTION COSTS

Stadiums Egypt Libya Morocco S. Africa Tunisia

Cost of new stadiums 872,710,000 1,227,600,000 670,900,000 141,100,000 87,000,000

No of seats in new 
stadiums 370,000 456,200 369,000 221,825 43,500

Cost per seat in new 
stadiums

2,359 2,691 1,818 636 2,000

Cost of renovated 
stad USD million 192,830,000 68,900,000 56,400,000 182,571,000

No of stadiums 162,000 147,000 141,025 239,000

Cont per seat in 
nemovated stadiurts

1,190 468 400 764

Cost of partly renovated 
stadiums

26,600,000 7,290,000

No of ses in partly renox 
stadiums

300,600 111,000

Total cost of stadiums 1,065,540,000 1,227,600,000 739,700,000 224,100,000 276,851,000

Source: FIFA 2010 World Cup Bid book - (FIFA, 2004:94)

As illustrated on the table above the average cost per seat 
in new stadiums for South Africa was posed at a lowly 
US$636.00 per seat in comparison to the average cost 
of the total bids which is US$ 1 900.80, which reveals 
a high risk of underestimating the total costs. Moreover 
the report also revealed that in the lead-up to a visit 
from FIFA, SAFA stated that VIP boxes will be sold for 
approximately USD 150,000 per box, with a minimum of 
100 in each stadium, a plan which the local authorities 
regard as perfectly possible, given the tradition of VIP 
boxes in the country. Such information painted a picture 
of a sports venue that could have been self-sustaining to a 
greater extent than what it was. Such bids emanating from 
developing economies, beg the question why the SAFA bid 
for the 2010 World Cup was kept in so much secrecy, [33. 
In addition FIFA found serious inconsistencies with South 
Africa’s FIFA World Cup bid, just a fortnight prior to the 
award but still went ahead and awarded them the rights to 
host the tournament, yet fully aware that the bid contained 
an oversupply of stadia that they would struggle to utilize 
post-vent, [34].

Long-term economic benefits  
to local economy    
All the interviewees acknowledged a boost in economic 
activity resulting from the construction of the venue right 
up to the kick-off of the tournament. Post-event inevitably 
resulted in a massive decline in activity, in and around the 
stadium precinct. Respondent A1 estimates that about 80% 
of the residents in the city of Port Elizabeth, have never 
been to the stadium from an estimated population of one 
and half million residents. This is due to a perception that 
the stadium was built for the World Cup and since that has 
passed, they are not only uniformed about the post-event 
activity of the stadium. This therefore has led to massive 
marketing campaign by the City to create awareness for the 
stadium and to even shy away from the name ‘stadium’ but 
rather term it a ‘multi-purpose’ venue and that means each 
and every event can be accommodated at the venue and 
means business conferences, weddings, parties, etc have 
been hosted in the venue. They have even spread onto 
social media with their campaign #OurStadium to involve 
as much of the city’s residents as possible to try and boost 
the utility of the venue. 

To add onto these challenges the chosen sites for these 
venues have not led to any boost in economic activity 
around the venue which presumably was present during 
the time and this proves detrimental to the marketing of 
the venue itself, as stated by Respondent E. He further 
elaborates that in an ideal environment the venue should 

have been tied to a citywide expansion plan and have it 
as the anchor for economic development as opposed to 
being an isolated structure that rests some within a 30 
kilometre radius of most commercial activity in the city 
such as is the case of Peter Mokaba Stadium in Polokwane. 
Respondent B1, concurs with this ideology by supporting 
the location of the site for the sports venue as strategic 
and falling in line with the city’s’ current tourism agenda 
and plan. The downside is that the stadiums’ architecture 
or design failed to wholly take advantage of that aspect 
and provide more hospitality suites and viewing areas and 
possibly even recreational activities that can further attract 
tourism. Therefore, to achieve the stadiums full potential 
the city was in the process of applying to the relevant state 
authorities an alteration and retro-fit project at the stadium 
to accommodate those activities that will generate income, 
not only in just the venue by also the local neighbourhood, 
because the attraction of any activity to the venue, be it 
for sporting reasons, recreational or tourist activity, that 
human traffic will also be followed by economic activity 
in various sectors, transport, retail, and even commercial.
   
This scenario however is noted different when it comes to 
the Moses Mabhida stadium, which had a buzz of activity 
at the time the researcher conducted the interviews. During 
the interviews the stadium and its precinct was very active 
with various activities taking place among them stadium 
tours, cable car which shows the Durban City from the 
top of the stadium arch, restaurants, gyms, cycling tours, 
segways, bungee jumping just to mentions a few. The 
stadium was generally filled with lots of activities both 
business and tourist in nature. In the following quote, 
Respondent B describes how the stadium was intended 
within the Durban City after an assessment had been done 
on the various business models of running the stadium.

“…the recommendation was for the stadium to become a 
municipal entity, so that it has some degree of autonomy, 
much like uShaka Marine World or Durban ICC in the city 
being examples of similar S.O. E’s”. – Respondent B 

However, the proposed recommendation was not 
implemented for unknown reasons to the interviewee and 
instead the council opted to make the stadium a separate 
department in 2016 which was a separate department 
which was called ‘Stadium and Facilities Unit’ which vests 
under Parks, Recreation and Culture. The city created a 
new unit and encompassed all major stadia owned by the 
Durban City such as King Zwelithini, Mpumalanga, Moses 
Mabhida, among others. 

16
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FIGURE 4.3
MOSES MABHIDA STADIUM SHOWING THE STADIUM  
PRECINCT RESTAURANT AND CABLE CAR 

FIGURE 4.4
NELSON MANDELA BAY STADIUM PRECINCT COMPARED TO  
THE PREVIOUS IMAGE (FIG. 4.3 AT MOSES MABHIDA STADIUM)

Respondent D, points out that sustainability of the FNB 
stadium proves to be a very huge challenge, and this is due 
to the size of the facility, which has 80 000 regular seats 
and 8 800 hospitality seats in comparison to the average 
European stadiums like Liverpool’s Anfield, Chelsea’s 
Stamford Bridge, have in the region of 40 000 seats and 
about 2 500 for hospitality.  

This poses a challenge in terms of revenue generation 
versus maintenance per unit cost. This is a direct result 
of designing a facility strictly for a one-off event and not 
considering the post event utility, because evidently 
maximum utility of a 80 000 seater is a mammoth task 
by any means and methods, and as such the design could 
have at least incorporated temporary seating that could 
have been dismantled post event and reduced the venue to 
a more sustainable seating number.

(Note: Images were taken on weekdays, no functions or events were scheduled at both venues) 

CONCLUSIOS AND  
RECOMMENDATIONS 

The critical factors that are prevalent with all the 
interviewees emanated from the fact that the custodians of 
these facilities were not involved in the planning, therefore 
post-event utility was an afterthought as opposed to what 
was documented in the bid book or planning phase. 
The response to questions poised about the role played 
by the future custodians of these venues revealed that 
even though the local government attempts to perform a 
significant role in the process of organizing a mega-events, 
normally they tend not to achieve total control but rather 
are given a bit part role by these organising bodies. This 
is evidenced by one respondent who recommended that 
creating a centralised stadium planning unit right from the 
beginning would have helped improve the legacy of most of 
the infrastructure. Previous research supports this fact with 
researchers stating that future bidders should establish a 
separate entity or organisation to be in charge of managing 
all Mega-Event venues and direct infrastructure [17] . 

The stringent bidding process also proves to be unfair for a 
developing economy, as they were caught up in a bidding 
war based on standard models proposed by the organising 
body. In the case of South Africa 2010, the non-negotiable 
demand by FIFA to have a minimum 8 stadiums of a certain 
quality and designed by their own approved architects, 
construction managers, planners, etc. not only failed to 
serve the best interests of the bidder but also left them 
with these ‘white elephants’. Granted, the organisers can 
claim that the involvement of local organisers can prove to 
be a challenge due to their lack of experience in delivery 

of such major infrastructure programs. In response that 
can be mitigated by creating partnerships with the already 
experienced organisations that have the necessary skills 
and resources to deliver and this could further solidify the 
events legacy in terms of assisting a developing economy in 
areas such as skills transfer. 

In line with the issue of skills transfer, the procurement 
and project financing models would need to be revised by 
developing economies. Involvement of the private sector 
as opposed to using the government purse solely for the 
funding of these sports and related infrastructure programs 
could prove very beneficial as the government will still 
manage to serve the more critical areas of the economy, 
as opposed to spending millions on a once off event. There 
should be involvement of the private sector even in models 
such as Build, Operate, Transfer, Build-Own-Operate-
Transfer, PPP’s to relieve the burden on the public purse. 
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Abstract
Purpose
The study highlights smart building technologies in existing 
building performances as considered by the Existing 
Building Performance tool of the Green Building Council 
South Africa (GBCSA) Green Star SA (GSSA) against the 
Leadership in Energy and Environmental Design (LEED) 
tool for Operations and Maintenance v4 of the United 
States Green building Council (USGBC).
 
Design/ Methodology/ Approach 
A case study approach compares the GSSA EBP tool 
against the LEED O&M tool v4 in considering smart 
building technologies. 

Findings
LEED v4 puts more emphasis on smart technology compared 
to the GSSA tool by using language that refers to processes 
and characteristics of smart building technologies. By 
doing this, the LEED v4 evaluation process is better able to 
consider and reward the use of smart building technologies. 

Research limitations/ Implications 
Describing quantifiable metrics such as energy savings, 
carbon emission reductions, peak electricity reduction, 
benefits of occupant health, productivity, and comfort fall 
outsides the scope of the study.

Practical implications 
The findings confirm that smart building technologies 
strongly support sustainable buildings through energy 
and water efficiency, indoor building comfort, occupant 
productivity, and peak electricity reduction. 

What is original/value 
A supplementary design guide is suggested for use 
with the GSSA toolkit to structure the rewarding of the 
implementation of smart building technology.

Keywords: Green Building, Green Star SA rating tool, LEED, 
Smart buildings, Smart technology

INTRODUCTION
Recently, the concept of intelligent buildings has become 
a popular topic due to its inherent potential to employ 
technologies and design initiatives to achieve a sustainable 
design. The link to sustainable design has led to intelligent 
buildings becoming an inherent component of building 
policies and frameworks 1. The term smart is a critical term 
in green and sustainable development literature. Smart 
cities are the future of the built environment. Cities are 
growing, requiring better functionality to cope with scarce 
resources and stringent design and building regulations.[2] 

Cities need to reduce their carbon emissions and improve 
their energy efficiency to address the concerns of global 
warming and its effect on people and the environment. 
Cities also need to adapt their organization, infrastructure, 
and ensure continuous access to critical infrastructure.[3]

Smart buildings use networking devices and equipment in 
buildings to enhance efficiency.[3] Wireless communication 
technologies applied to a building enable the communication 
between internal devices and their surroundings. 
Stavropoulos et al.[4] define the smart building concept as 
a system that enables remote monitoring and management 
of processes while providing energy efficiency.

Research in technology that improves the energy 
efficiency of buildings such as heating, ventilation, and air 
conditioning (HVAC), lighting, and Information Technology 
(IT) energy consumption has been the main focus area for 
many researchers.[5] Smart buildings are becoming more 
relevant today as the natural evolution of construction 
and information technology increases the end-users’ 
comfort and safety as well as ensuring efficient energy 
consumption.[6] As a result, smart building technologies 
and practices are becoming ever more vital due to the 
improved quality of life it provides to occupants.[7]  Green 
building rating tools should accommodate and support such 
new developments. This study considers if the Green Star 
EBP may need redevelopment to reward smart building 
technology effectively.

This study evaluates the extent to which the GBCSA’s 
Green Star EBP rating tool accommodates smart building 
technology in the green building certification process in 
comparison with international best practice. The choice 
of the benchmark of international best practice was the 
LEED v4 rating tool of the United States Green Building 
Council (USGBC). The USGBC is a very prominent WGBC 
partner, and its LEED  rating system is the green building 
rating system with the broadest footprint worldwide.[8][9] 
As WGBC members, the GBCSA and the USGBC share 
the same ideals, and both subscribe to similar standards 
resulting in a high degree of study reliability and validity.

SMART BUILDINGS AND GREEN BUILDING STANDARDS: A 
COMPARATIVE VIEW BETWEEN LEED AND GREEN STAR SA  
D J Hoffman1, R Marx2 and B Kleynhans3

MERIT OF THE STUDY 

According to Nam and Pardo [10], cities are increasing 
in size and complexity, and the earth’s population is 
urbanizing at an ever-increasing rate. The swift growth in 
urbanization globally presents several concerns that need 
addressing. Neirotti et al. [11] share a similar sentiment by 
stating that the increased urbanization rate and population 
growth present many technical, economic, organizational, 
and social issues, which tend to threaten the environmental 
and economic sustainability of cities.

Recent studies indicate that the demand for more energy-
efficient buildings is increasing due to rising energy costs 
and growing environmental concerns [12][13]. A US-based 
study indicated that the slight increase in the initial cost of 
a building to incorporate sustainable design is between 2% 
- 7%.  However, the lifecycle cost of the building is reduced 
by up to 20% with long-term benefits for the developer. 
[14] A 2018 study on new GSSA certified South African 
office buildings confirmed a green building cost premium 
of between 1,1% and 14,2% (GBCSA, ASAQS, UP, 2019). 
[15]

According to Nguyen and Aiello, [16] automated smart 
building control must replace manual systems to reduce 
a building’s energy usage, lower operational cost and 
increase returns. Smart control and management are 
becoming an emerging trend in the next generation of 
commercial buildings. A notable building that employs 
smart building technologies is The Edge in Amsterdam. 
The Edge achieved the highest BREEAM rating awarded to 
a new office building. The building uses 70% less energy 
than comparable and is not only energy neutral but energy 
positive. Various smart technologies are employed to 
continuously measure lighting levels, movement, humidity, 

temperature and occupancy. An example of this is ethernet 
connected LED lighting, which allows the building to 
respond to changes in occupancy and lighting requirements 
to maximise energy efficiency. [17]

In the South African context, the benefits of smart buildings 
must align and form a fundamental part of the sustainability 
rating of buildings. The sustainability rating should also 
consider the efficiency of buildings. This study discusses 
smart building technologies as considered by the GBCSA’s 
GSSA existing building rating tool against the consideration 
by the LEED v4 tool in the context of existing commercial 
buildings. Although these tools are used to evaluate other 
asset classes such as educational, residential and retail 
buildings, these buildings were not specifically considered 
by this paper.

GREEN STAR SA
The GBCSA developed Green Star SA, which is a rating 
tool based on the Green Star Rating System of Australia’s 
Green Building Council.[18] The Green Star SA toolset 
consists of several tools with each rating tool assessing a 
different market sector which include the following: 

• New Buildings and Major Refurbishments 
• Existing Building Performance 
• Interiors Fit-Outs
• Sustainable Precincts  

The objective of the rating tools is to provide an objective 
green measurement tool to assess a development’s 
performance based on its environmental impact and 
sustainability. Each Green Star SA tool includes nine 
categories and many credits to evaluate the sustainable 
characteristics or actions of buildings, interior spaces or 
precincts.

 In 1998, the United States Green Building Council (USGBC) 
published the first Leadership in Energy and Environmental 
Design (LEED) rating system, which has become the most 
widely used rating system in the world. [19] The LEED for 
Building Operations and Maintenance is the rating system 
employed to evaluate existing buildings and has four 
levels of certification, namely, Certified, Silver, Gold, and 
Platinum. In 2009, LEED incorporated “Minimum Project 
Requirements,” which is a set of prerequisites that needs to 
be met by a prospective project to qualify for a green rating.

The LEED rating toolkit is based on a point system where 
credits are awarded to a project based on the extent to 
which the project meets the criteria set out in the rating 
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tool. The rating tool consists of various criteria divided 
into seven key categories, which include the following:

• Sustainable Sites, 
• Water Efficiency, 
• Energy and atmosphere,
• Materials and Resources,
• Indoor Environmental Quality,
• Innovation in Operations, and
• Regional Priority.[19] 

GLOBAL WARMING 

Global warming refers to the shift of the climate due to 
activities caused by an increase in greenhouse gases in 
the lower atmosphere.[15]  Rogelj [20] elaborates by stating 
that global warming refers to the rise in the average 
temperature of the earth’s climate over time. Both Yau and 
Hasbi [21] and Ali [22] note that carbon emissions caused 
by human activities increase greenhouse gases, which are 
affecting the environment. In their research, Ali stated that 
human interference through the burning of carbon fuels is 
releasing large quantities of CO2 in the earth’s atmosphere. 
According to Stocker et al. [23], human activities have 
changed and will continue to change the earth’s climate. 
As a result, the average temperature of the planet has 
been steadily increasing over the past decade. Recently 
observed environmental changes such as rising sea levels 
and atmospheric temperatures and more extreme weather 
patterns are closely linked with global warming.

During 2018, the Intergovernmental Panel on Climate 
Change (IPCC)  published a special article [24] investigating 
the potential effects a 1.5°C increase in temperature 
would have on the earth compared to a 2°C increase. One 
of the key points raised by the report is that the earth is 
already experienced extreme weather phenomena, rising 
sea levels and declining Arctic sea ice as a consequence 
of a 1°C increase in temperature. The report highlighted 
that limiting global warming to 1.5°C would provide 
people and ecosystems more time to adapt to the changing 
climate. To limit global warming to 1.5°C would require the 
transformation of land, industry, energy, transport, cities 
and buildings.

Building managers can assist in combating global warming. 
Rocha et al.[25] propose that building managers become 
active participants by responding to real-time conditions, 
such as indoor environmental quality, energy demand, 
and occupant needs. Implementing information and 

communication technologies can assist building managers 
in achieving these needs.

THE BUILT ENVIRONMENT’S EFFECT 
ON GLOBAL WARMING

The building and construction sector is a major part of 
the infrastructure sector, requires a significant amount of 
energy and raw materials, and contributes significantly to 
the global warming process.[26] Globally commercial and 
residential buildings are responsible for approximately 
40% of total energy consumption over their lifetime[5][26]

[27]. Minoli et al. [28], Guan [29], Moreno et al.[30], Rashid 
and Yusoff [31] and Mishra et al. [32] expressed similar 
sentiments. They estimated that the development and 
operation of buildings are responsible for approximately 
40% of the energy use in the world. Gunnell et al. [33] 
estimated that approximately 23% of annual greenhouse 
gasses in South Africa originates from operating buildings.

According to Satterthwaite,[34] cities generate the majority 
of global greenhouse gases.  Numerous sources such as the 
United Nations Human Settlements Programme, Munich 
Reinsurance, and the Clinton Climate Initiative claim that 
cities contribute 75-80% of all greenhouse gasses. C40 
Cities, which is a network of 96 of the world’s largest cities, 
tracks each member city’s carbon emissions. They report 
that larger cities are consuming approximately two-thirds 
of the world’s energy while contributing 70% of global 
CO2 emissions. [35]  Kleissl and Agarwal  [36] support the 
work of Satterthwaite [34] as they indicated that buildings 
emit approximately 40% of greenhouse gases in the United 
States of America while consuming about 70% of total 
electricity generated in the country. Similarly, the USGBC 
reports that buildings account for approximately 40% of 
global energy-related CO2.[37]

The energy requirements of buildings have been increasing 
rapidly, raising concerns regarding energy supply, depletion 
of energy resources, and the environmental impacts on 
the earth’s natural resources. Energy use in developed 
countries remains high, and energy use in emerging 
countries in regions such as Africa, the Middle East, South 
East Asia, and South America will increase by an estimated 
3.2% annually. [19] A statistical overview of world energy 
compiled by BP found that the primary energy consumption 
growth during 2018 was approximately 2,8%. [38]

Guan[29] proposed that future buildings will have to be 
more adaptable with a profound effect on their design, 

operation, construction, and on the health and productivity 
of its occupants. Some of the anticipated impacts include 
higher energy consumption as a result of higher capacity 
requirements and more frequent utilization of airconditioning 
or heating equipment. Higher surface temperatures will 
also lead to the deterioration of the internal thermal 
environment in the form of overheating problems during 
the summer months. In response, buildings will require to 
increase their cooling requirements and result in increased 
use of refrigerants, which in turn would contribute to 
global warming. Global warming would essentially create 
a feedback loop of increased cooling requirements to deal 
with increasing temperatures. Global warming will also lead 
to more severe weather conditions, which could affect the 
structural integrity of buildings and increased disruptions 
of construction processes due to worsening weather 
conditions. Smart building technologies will enable better 
control of the indoor environment and has the potential to 
efficiently manage building systems to reduce the impact of 
such feedback loops. 

GREEN BUILDINGS VS AUTOMATED 
BUILDINGS VS SMART BUILDINGS

Green buildings are energy and water-efficient to deliver 
optimal building performance while reducing their carbon 
footprint. Smart buildings are a much broader concept. 
Smart building design integrates people, technology, 
other buildings, smart grids, and the global environment. 
Mohanty et al.[39]  advocate that smart buildings essentially 
integrate information about their surroundings and their 
environment to regulate and optimize their interior. These 
buildings provide advantages over traditional buildings, 
such as environmentally sustainable, high power efficiency, 
and a high level of indoor comfort.[40] Although they try to 
achieve similar goals, smart buildings and green buildings 
are inherently different. 

Batov [41] distinguishes automated buildings from smart 
buildings. Automated buildings are equipped with lighting, 
heating, and electronic devices that can be controlled 
remotely by smartphone or computer. You can contact your 
automated home online to have the dinner prepared, put 
the central heating on, light a gas fire in the grate, and 
draw the curtains by the time you get home. All decisions 
are initiated by a smart occupant and not a smart building. 
Smart buildings can learn from the action of its occupants 
and adapts its responses to the needs of its inhabitants 
without additional input or commands from its occupants. 
Kumar and Hancke [42] also describe a smart building as a 
context-aware system that can sense and collect data from 

various sensors and interfaces, interpret the information and 
adjust building systems accordingly to suit the changing 
needs of its inhabitants.

Notwithstanding the various definitions, Kiliccote et al. 
[43] and Wilson et al. [44] describe a smart building as a 
building fitted with intelligent systems that aims to provide 
the highest level of service at the lowest possible energy 
consumption. These systems utilize various sensors 
and monitoring equipment to enable the building to be 
responsive to its occupant’s needs. It requires the building 
not only to be automated but also able to adapt to its 
occupant’s needs. According to Gurgen et al.,[45] smartness 
is directly proportionate to awareness, which relates to the 
ability of a smart building to perceive and interrelate events 
within a building. 

The Capital Towers in Singapore is an example of a 
smart building that incorporates several energy efficiency 
systems into its designs, such as a recovery wheel in its 
airconditioning systems that allows cool air to be recovered 
to improve the chiller’s efficiency. Motion detectors are also 
installed in the toilets and at the lifts to conserve energy. 
Another notable example is the Burj Khalifa in Dubai. This 
building implements several smart building technologies 
that improve air quality, lighting and temperature. 
The building’s automated management systems relay 
information to Honeywell’s Internet of Things (IoT) 
platform in real-time, which employs algorithms that can 
identify anomalies in the building’s systems and recognise 
maintenance issues.IOffice [46]

BENEFITS OF SMART BUILDING 
TECHNOLOGIES

Smart buildings comprise of systems and technology that 
connect various sub-systems and sensors of a building to 
sense the indoor environment, its occupants, and their 
needs. This context-aware system can use data to make 
informed decisions on how to increase efficiency and 
building performance while maintaining occupant comfort.

Smart buildings, therefore, offer various benefits not only 
for the building but also for its inhabitants, such as:

1. Building Energy Savings;
2. Indoor Building Comfort;
3. Better Management of Water;
4. Predictive Maintenance;
5. Increased Productivity;
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6. Demand Response and Peak Load Reduction; and 
Occupant Safety. Shaikh et al. (2014)][47][48]

With smart technologies, lighting intensity can be altered 
to match the needs of its inhabitants and the task being 
performed. These technologies can also account for other 
light sources such as natural light from windows and adjust 
its brightness accordingly. Nunes,[12] Moreno et al.,[49] and 
Batov[41] indicate that energy management is considered an 
essential characteristic of smart buildings, which ensures 
the sustainability of modern buildings and achieves cost 
savings as well. 

Smart building technologies learn from occupant behaviour 
and uses the collected data to maximise occupant comfort 
levels. With increasing global temperatures as a result of 
climate change, buildings will increase their energy usage 
to meet occupant comfort levels. Smart buildings can adjust 
their indoor environment to meet comfort levels while 
also reducing energy consumption.[50]  According to King 
and Perry [51], smart plug loads technologies can further 
enhance a building’s energy performance, which relies on 
power scheduling, load detection and motion sensing to 
turn portable office equipment power on or off. These smart 
plug load control technologies can also be integrated into 
a smart building’s management systems, which can use 
other input data to manage plug loads.

Apart from energy savings and increased comfort levels, 
smart building technologies can assist in reducing water 
consumption and better water management. [12]  Bell {52] 
argues that predictive maintenance is another key feature 
of smart technologies and can detect issues that would 
require attention without the need for manual inspections. 
These smart sensors can detect building performance and 
identify potential issues before a failure or breakdown 
occurs. 

METHODOLOGY

The study employs case studies in a qualitative research 
approach to address the study problem. Babbie [53] 
describes qualitative research as a scientific method of 
observation to gather non-numerical data. According to Berg 
and Lune [54], qualitative research refers to the meanings, 
concepts, characteristics, and the description of things. 
Qualitative research is concerned with the interpretation 
of things, and not its measurement or count. It seeks to 
provide answers to questions that cannot be measured by 
empirical tools and approaches.[55]

Case studies differ by the focus of analysis. A single 
case or multiple case studies or an entire program may 
be analysed. The intent of the study can also define the 
type of case study being conducted. Creswell and Poth [56] 
identified three types of case studies, namely, instrumental, 
collective, or multiple-case studies and intrinsic case 
studies. A collective case study refers to the selection of a 
problem and investigating it by selecting several cases to 
illustrate and describe the issue. In some cases, a study 
may employ multiple cases to illustrate the same issue 
from various perspectives.

This study conducts a side-by-side evaluation of the credits 
in each rating tool to determine the extent to which each 
tool considers smart building technologies. The analysis of 
the cases will then identify the similarities and differences 
between the evidence, which will inform the findings of the 
study. Creswell and Poth [56] and Yin [57] propose that the 
selection of appropriate case studies should be based on 
the intent of the research and be relevant to the context in 
which the research takes place. 

The cyclical process to be followed is:

1. Identify the study approach; 
2. Identify the intent of the study;
3. Select appropriate cases;
4. Develop appropriate data collection procedures;
5. Develop appropriate themes for analysis;
6. Report findings and lessons learned [54]

The study themes will focus on the extent to which the 
Green Star SA tool and the LEED tool incorporates the 
benefits of smart building technologies. The process and 
criteria used by the LEED rating system will define the 
international best practice in this regard.

FINDINGS

Similarities and Difference  
in the Evaluation Process  
The Green Star EBP and LEED O & M rating tools follow a 
very similar evaluation process. These tools reward credits 
to a project based on its performance as set out by the rating 
tools. Both tools consider similar assessment categories, 
but the LEED tool allows for a more “granular” approach 
of the criteria. The LEED rating tool assesses criteria 
separately, whereas the Green Star SA tool combines some 
of the criteria under a single criterion. 

The Water, Energy and Indoor Environmental Quality 
categories in the LEED rating tool, for example, divide 
the energy category into minimum energy performance, 
energy metering, energy optimisation, advanced metering, 
and demand response, among others. The Green Star SA 
tool only employs two criteria, namely energy consumption 
(GHGE) and peak electricity demand.

The LEED rating tool puts more emphasis on the role 
technology plays in assessing energy metering. The LEED 
tool considers advanced energy metering, referencing plug 
loads, information and communication technologies (such 
as the use of cloud servers), automated systems, and 
energy management systems. In contrast, the Green Star 
SA rating tool also considers energy metering. Still, it does 
not specify the use of specific technologies, the type of 
technology, or more advanced monitoring networks used.

Considerations of Smart Building  
Technologies in Green Star SA and LEED  
Internet-based and automated metering and monitoring 
processes are some of the distinct features of smart building 
technologies. This study will determine to what extent 
the criteria of the two rating tools under consideration 
specifically considers smart building technologies and their 
associated benefits. Tables 1 to 6 below summarises the 
findings on the evaluation criteria and their consideration 
of smart building technologies and benefits. 

TABLE 1 
CONSIDERATIONS OF SMART BUILDING TECHNOLOGIES – ENERGY CATEGORY

Scoring criteria
Smart technology 

considered

Benefits 
of smart 

technology 
considered

Notes

Green 
Star

Energy 
Consumption 

(GHGE)
No N/a

Only consider energy efficiency 
improvements, not smart 
building technologies, to 

improve efficiency.

Peak 
Electricity 
Demand

No N/a
Considers only peak electricity 

demand reduction, not the 
technology required

LEED
Minimum 

Energy 
Performance

No N/a
Only assesses the energy 

efficiency, not smart building 
technologies
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LEED

Building-
Level Energy 

Metering
Somewhat N/a

Partly considers smart building 
technologies through the 

automation of energy metering.

Advanced 
Energy 

Metering

Plug Loads; Integrated 
Wireless Technology 
and Network; Energy 

Management Systems; 
Automated system 

optimization

Building Energy 
Savings; Peak 

Load Reduction

Assess several factors of smart 
building technologies - plug 

loads, ICT, energy management 
and automation of energy 

systems

Demand 
Response

Distributed energy 
resources; Energy 

Management Systems; 
Automated system 

optimization

Demand Response 
and Peak Load 

Reduction; 
Building Energy 

Savings

The demand response criteria 
consider smart building 
technologies relating to 

distributed energy resources, 
energy management systems, 

and automated system 
optimisation.

TABLE 2
CONSIDERATIONS OF SMART BUILDING TECHNOLOGIES – WATER CATEGORY

Scoring criteria
Smart technology 

considered

Benefits of 
smart technology 

considered
Notes

Green 
Star Potable water No N/a

Credits are awarded for reducing 
potable water consumption, 

regardless of the technologies 
employed to achieve it.

LEED

Building 
Level Water 

Metering
Somewhat Considered Better Management 

of Water

This criterion only considers the 
automation of water metering 
and monitoring; no specific 
reference to smart building 

technologies.  

Outdoor Water 
Use Reduction Somewhat Considered

Better Management 
of Water; Outdoor 
water reduction

The outdoor water use reduction 
considers the installation of 
water meters; no specific 

reference to smart technologies.  

Water 
Metering Not Considered N/a

The water metering criteria only 
consider metering technologies 

and does not consider any 
smart building technologies.

TABLE 3
CONSIDERATIONS OF SMART BUILDING TECHNOLOGIES – INDOOR 
ENVIRONMENTAL QUALITY CATEGORY: GREEN STAR

Scoring criteria
Smart 

technology 
considered

Benefits of 
smart technology 

considered
Notes

Green 
Star

Indoor Air 
Quality No N/A

No consideration of smart building 
technologies specifically - only 

measures the quality of indoor air 
and circulating, regardless of how 
it is achieved through a physical, 

once-off assessment process during 
the performance period only. This 
is a major shortcoming of the tool 
as it both assumes that CO2 is not 

integrated into BMS, AND at the same 
time, the tool does not reward projects 

(through IEQ-1) that have smart 
technologies installed. Awarding can 
be done through innovation points.

Lighting 
Comfort

Somewhat 
Considered: 

Automated system 
optimization

Indoor Building 
Comfort

Considers some smart building 
technology - requires monitoring, 
management, and measuring of 

lighting levels in a building. However, 
it only considers some of the benefits 

of smart technologies. 

Thermal 
Comfort

Somewhat 
Considered: Smart 
heating, ventilation, 
and air conditioning 

(HVAC)

Indoor Building 
Comfort

Considers some smart building 
technology regarding the management 

and monitoring of indoor thermal 
comfort. However, it doesn’t consider 
aspects such as energy savings and 

the predictive nature of smart building 
technologies.

Daylight 
and Views

Somewhat 
Considered: Smart 
window shading

Indoor Building 
Comfort

Consider processes that reduce glare, 
such as passive design elements 

or manual lighting controls such as 
blinds. It also mentions operational 

features, which reduces glare that may 
include smart building tech. However, 
no technological feature or process is 
explicitly mentioned. Similar to the 

above, the measurement of this credit 
is manual and not quantitative.
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TABLE 4
CONSIDERATIONS OF SMART BUILDING TECHNOLOGIES – INDOOR 
ENVIRONMENTAL QUALITY CATEGORY: LEED

TABLE 5
CONSIDERATIONS OF SMART BUILDING TECHNOLOGIES –  
MANAGEMENT CATEGORY

Scoring criteria
Smart 

technology 
considered

Benefits of 
smart technology 

considered
Notes

LEED

Enhanced 
Indoor Air 
Quality 

Strategies

Smart heating, 
ventilation, and 
air conditioning 

(HVAC); Automated 
system optimization

Indoor Building 
Comfort; Increased 

Productivity

Consider smart building technologies - 
smart HVAC, and automated systems 
optimisation. The criteria recognise 

the improved productivity and indoor 
building comfort that smart building 

technologies can achieve.

Thermal 
Comfort

Automated system 
optimization; Smart 
heating, ventilation, 
and air conditioning 

(HVAC)

Indoor Building 
Comfort; Increased 

Productivity

Criteria recognise the benefits of 
automated system optimisations and 
smart HVAC technologies and how it 
can improve occupant comfort and 

increased productivity.

Interior 
Lighting No N/A

Considers only manual lighting control 
systems with adjustable luminance 

levels based on industry standards, not 
smart building technology.

Daylight 
and Quality 

Views
No N/A

Considers only daylight luminance 
levels as well as passive and manually 
adjustable window shading technology, 
not smart building technology relating 

to the measurement and control of 
daylight and shading technologies.

Scoring criteria
Smart 

technology 
considered

Benefits of 
smart technology 

considered
Notes

Green 
Star

Ongoing 
Monitoring 

and 
Metering

Automated system 
optimization

Predictive 
Maintenance

The only Green Star credit that refers 
to smart building technologies and 
processes: including metering and 

monitoring technologies and processes 
that are automated, connected to 

the internet, and provides real-time 
information on building consumption.

TABLE 6
CONSIDERATIONS OF SMART BUILDING TECHNOLOGIES –  
LEARNING RESOURCES

TABLE 7
CONSIDERATIONS OF SMART BUILDING TECHNOLOGIES –  
INNOVATION CATEGORY

Scoring criteria
Smart 

technology 
considered

Benefits of 
smart technology 

considered
Notes

Green 
Star

Physical 
Displays

Somewhat 
Considered

Continuous 
monitoring and 
displaying of 

energy and water 
consumption

This credit rewards continuous 
monitoring and displaying energy and 
water consumption. This can be done 
either manually or be automated, and 
the period between updates should not 
be longer than one month. However, 

the smart building technologies 
employed are essentially an extension 

of the Ongoing Monitoring and 
Metering credit, which is responsible 

for the output of this credit.

Awareness 
Programmes No N/A

Credits are awarded where 
sustainability awareness or education 

programmes have been developed 
and distributed to building occupants 

during the performance period.

Scoring criteria
Smart 

technology 
considered

Benefits of 
smart technology 

considered
Notes

Green 
Star

Innovative 
Strategies and 
Technologies

Somewhat 
considered N/A

Credits are awarded if a project is 
the first to employ new technology in 
South Africa or if it contributes to the 
transformation of the broader market. 
This category can potentially consider 
smart building technologies; however, 

it is very broad in scope.

LEED Innovation Somewhat 
considered N/A

Credits are awarded for technologies 
or strategies that enable significant 

environmental performance not 
addressed elsewhere in the LEED 
rating tool, earn a pilot credit, or 
achieves exemplary performance. 
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It is evident from the tables 1 to 7 above that the Green 
Star SA rating tool for existing buildings only considers 
smart building technologies and its benefits to a limited 
extent. Only the Ongoing Monitoring and Metering credit 
(Table 6) considers smart building technologies. Some of 
the Indoor Environmental Quality (Table 3) and Innovation 
credits (Tables 7) consider smart building technologies to 
a limited extent, which reduces the potential impact of the 
credit criteria on building performance.

The LEED rating tool considers smart building technologies 
to a larger extent than Green Star SA. The language used 
in the LEED evaluation system relates to processes and 
aspects of smart building technologies. These credits 
include Advanced Energy Metering, Demand Response, 
Enhanced Indoor Air Quality Strategies, and Thermal 
Comfort. However, there are still some credits that do 
not consider smart building technologies, which could 
significantly reduce the carbon footprint and increase the 
efficiency of a green building. For example, the Outdoor 
Water Use Reduction credit can enhance water efficiency 
by integrating smart irrigation technologies that use 
weather data (either from the building or from a weather 
service) to determine when irrigation should take place, 
if at all. Similarly, the Water Metering Credit can employ 
smart metering technologies to report water usage statistics 
and faults in real-time to the building management systems 
using wither wireless or local communication technologies 
(such as the cloud).

Opportunities for better alignment of 
GSSA with Building Performance and 
Environmentally Sustainable  
The study confirms that the GSSA rating tool considers 
smart building technologies and benefits to a limited extent. 
However, the GSSA rating tool should directly reward 
projects for incorporating smart building technologies.

1. With smart technology in mind, it may be necessary 
to re-assess the GSSA rating tool's perspective 
and defining of the assessment criteria. Drawing 
from the international best practices, a similar 
approach as the LEED rating system divides the 
assessment criteria into sub-criteria. For example, 
the GSSA’s “Energy Consumption (GHGE)” criteria 
should be expanded to includes credits to reward 
smart building technologies, processes, and 
characteristics that improve energy efficiency.

2. Included an “advanced” criterion with a focus on 
the technologies and processes employed under the 
assessment categories evaluating the performance 
and efficiency enhancements of a building. 

Assessment criteria such as advanced energy and 
water metering, advanced peak electricity load 
reduction, advanced indoor environmental quality, 
and advanced ongoing monitoring and metering 
are examples. 

3. Concerning item 2, Green Star EBP should strongly 
consider adding a fundamental prerequisite such 
as Minimum Energy Efficiency. Such a conditional 
requirement can be effectively coupled with an 
advanced or enhanced credit that focuses on smart 
technologies and the benefits thereof. The LEED v4 
tool, by contrast, set such required prerequisites.

4. Under the advanced energy and water metering 
credits, consider technologies that enable energy 
and water savings and efficiency optimisations 
through smart technologies. Based on the 
findings of the literature review, it is evident that 
reducing plug load and employing smart energy 
scheduling only to provide power when needed has 
demonstrated improved building energy efficiency. 

5. The use of green power sources, be it locally 
generated or from the grid, can also be included 
as part of distributed energy sources. Regulate 
these energy sources through smart building 
management systems. 

6. Integrate all energy-related services into a building 
energy management system. Consider Indoor 
and outdoor water management systems under 
this assessment category, which considers how 
a building is better able to manage and integrate 
water metering and management services.

7. Consider including an advanced peak electricity 
load reductions credit to assess how a green 
building reduces its peak load curve through the 
efficient management and scheduling of building 
services based on occupancy and building-level 
input parameters. 

8. The scheduling of distributed energy services or 
supplementary energy resources during periods 
of peak demand should also be considered and 
incorporated at a system level.

9. The advanced indoor environmental quality 
category should assess a green building’s ability 
to efficiently manage, monitor and respond to 
changes in the indoor and outdoor environment, 
as well as user input data from building systems 
to intelligently and dynamically change the indoor 
environment. 

10. The assessment tool should consider how window 
shading and lighting can be dynamically adjusted 
based on either user input or inputs from other 
building systems and sensors. 

11. Humidity and temperature sensors must inform the 
heating and ventilation systems.

12. Allow for advanced monitoring and metering of 
building energy and water consumption. The 
criterion should consider how all the building 
services and input devices communicate and 
integrate into a holistic smart system. Such a 
system should be able to obtain input data from all 
building services and make necessary corrections 
in energy consumption and indoor environmental 
quality to balance energy and water efficiency with 
occupant comfort. 

13. Evaluate aspects such as the efficient management 
and scheduling of plug loads, lighting, and HVAC 
systems based on occupant behaviour and inputs 
from other systems as well as the continuous 
monitoring and analysis of input data to ensure 
optimal building performance. 

14. Incorporate the occupancy of a building and 
the location of occupants into the management 
systems.

15. Finally, the “Innovation” criteria should also include 
a sub-criterion to evaluate building “intelligence” 
through the incorporation of smart building 
technologies. Currently, the innovation criteria 
award credits to a project if it can prove that it is a 
first for South Africa, or if the technology or processes 
employed contribute to changing the market 
towards sustainable development. Considering the 
benefits of smart building technologies, including 
a criterion that awards credits if a building uses 
goods practice smart building technologies 
and processes will aid in changing the market. 

As an alternative to directly rewarding the implementation 
of smart building technologies as part of the evaluation 
criteria, the Green Star SA toolkit can provide a 
supplementary design guide for the implementation of 
smart building technologies.  The table below can serve as 
the basis to develop such a design guide.
 

TABLE 7
CONSIDERATIONS OF SMART BUILDING TECHNOLOGIES –  
INNOVATION CATEGORY

No Credit Proposed Scoring Criteria

1 Energy Consumption
Reward smart building technologies, processes, and characteristics 
that improve energy efficiency such as the use of smart plugs, and 

automation of energy metering

2 Advanced energy and 
water performance

Assessment criteria such as advanced energy and  
water metering, advanced peak electricity load reduction, advanced 

indoor environmental quality, and advanced ongoing monitoring  
and metering are examples. 

3 Minimum Energy 
Efficiency

Introduce a minimum energy efficiency requirement which can be 
coupled with an advanced or enhanced credit that focuses on smart 

technologies and the benefits thereof

4 Advanced energy and 
water performance

Reward smart building technologies that reduce plug loads and employ 
smart energy scheduling to provide power when needed.
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No Credit Proposed Scoring Criteria

5 Advanced energy and 
water performance

The use of green power sources, be it locally generated or from the 
grid, can also be included as part of distributed energy sources. Smart 
building management systems should regulate these energy sources. 

6 Advanced energy and 
water performance

Integrate energy-related services into a building energy management 
system. Consider Indoor and outdoor water management systems under 
this assessment category, which considers how a building is better able 

to manage and integrate water metering and management services.

7 Advanced energy and 
water performance

Assess and reward how a green building reduces its peak load curve 
through the efficient management and scheduling of building services 

based on occupancy and building-level input parameters. 

8 Advanced energy and 
water performance

Reward scheduling of distributed energy services or supplementary 
energy resources during periods of peak demand.

9 Advanced indoor 
environmental quality 

Reward a green building’s ability to efficiently manage, monitor and 
respond to changes in the indoor and outdoor environment, as well as 
user input data from building systems to intelligently and dynamically 

change the indoor environment

10 Advanced monitoring 
and metering

Reward a green building’s ability to adjust window shading and lighting 
dynamically based on either user input or inputs from other building 

systems and sensors.

11 Advanced indoor 
environmental quality 

Reward credits if a building can adjust heating and ventilation systems 
based on inputs from humidity and temperature sensors

12 Advanced monitoring 
and metering 

Consider how all the building services and input devices communicate 
and integrate into a holistic smart system. 

13 Advanced monitoring 
and metering 

Reward a buildings ability to manage balance building systems based on 
occupant behaviour and other input data

14 Advanced monitoring 
and metering 

Reward a building's ability to monitor occupancy and its ability to 
change building services to reflect these changes dynamically.

15 Innovation Reward a building's intelligence through the incorporation of smart 
building technologies

CONCLUSIONS 

The study investigated the extent to which the GSSA 
rating tool considers smart building technologies and its 
associated benefits and how this compares to the LEED 
tool, which served as a best practice industry standard. 
The findings revealed that the GSSA and the LEED tools 
assess similar assessment categories. However, the criteria 
being evaluated for scoring purposes differ. The LEED 
rating tool applies a “finer-grained” approach to scoring a 
green building compared to GSSA. The GSSA tools apply 
assessment processes with manual orientation without 
considering the availability of technology that can replace 
manual processes. The LEED rating tool also puts a stronger 
emphasis on the role that technology and smart building 
technologies play in its evaluation. Although the LEED tools, 
like all other green building rating tools, are outcome-driven 
and does not mention specific technologies, the language 
used in its evaluation criteria relates to the processes and 
characteristics of smart building technologies.

The findings of this study can make a positive contribution 
to the sustainability of buildings in the future. The 
incorporation of smart building technologies as part of the 
evaluation process can hold significant benefits for energy 
and water efficiency, indoor building comfort, increased 
occupant productivity, and peak electricity reduction. 
Achieving these objectives can significantly improve 
the sustainability of buildings while maintaining a high 
standard of occupant comfort and productivity.

RECOMMENDATIONS  

This study presented the benefits associated with smart 
building technologies. However, the majority of data 
available on quantifiable metrics such as energy savings, 
carbon emission reductions, and peak electricity reduction 
is predominantly available for first world countries. 
Therefore, there is a need for additional research to assess 
these factors and quantify the benefits smart buildings 
would have in the South African context to add to the work 
done by MSCI [58].

Smart buildings can have significant benefits not only for the 
environment but also for building occupants. It is therefore 
recommended that future research should also focus on 
quantifying and measuring the benefits smart buildings 
have on occupant health, productivity, and comfort. 
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Abstract
Purpose of the paper
The purpose of this study is to propose effective cost 
management practices that could be adopted by SMEs 
to achieve sustainable construction project delivery.
 
Design
A mixed method research approach comprising 
quantitative and qualitative research was adopted. 

Findings
The most significant cost management practices 
include effective circulation of drawings and 
specifications, effectiveness of managing cost through 
work production, the appointment of experienced 
estimators and subcontracting work to transfer 
financial risk. The study found that the quantitative 
and qualitative results were consistent.

Research limitations 
The research focuses on SME contractors with the 
CIDB grading between 1 and 4 who are registered in 
the Eastern Cape province. 

Practical implications 
The results obtained could be adopted as a cost 
management tool for construction SMEs to achieve 
sustainable construction project success. 

Value
The study makes contribution to the body of knowledge 
regarding the ongoing discourse about the performance 
of construction SMEs. The study provides insight 

EFFECTIVE COST MANAGEMENT MODALITIES FOR SMES  
TO ACHIEVE SUSTAINABLE DELIVERY OF CONSTRUCTION 
PROJECTS IN SOUTH AFRICA 

appertaining to cost management modalities that will 
augment the performance of SMEs in project delivery.  

Keywords: Budgeting, Construction project, Estimate, SMEs 
cost management and Sustainable success. 

INTRODUCTION
Small and Medium Enterprises (SMEs) are regarded as 
one of the most important contributors to the economic 
growth in South Africa [1]. [2] define SMEs as a separate 
and distinct entity including cooperative business and 
non-government organisation managed by one owner or 
more. These entities are confronted with lack of funds to 
run a business that seldom fail due to limited construction 
projects available and inadequate support from the 
government [3]. The competency of management is often 
determined by the availability of management team and 
the financial information available to the staff employed by 
the company [4]. While the start-up and project operating 
capital is high especially for newly registered SMEs [5], 
cost in construction project is impacted by challenges 
encountered by contractors during the construction phase 
of project delivery. [6] defines cost management as the 
way of raising company’s capital to finance organisational 
assets and activities and ultimately achieve the company’s 
goals. Lack of planning results in financial risk and mostly 
linked with organisational performance or variance of 
returns which are more concern. These risks include stock 
returns, financial ratio and an uncertainty income stream 
which subsequently determine the success of the SME in 
construction [7]. However, [8] revealed that in the year 2000 
the South African government established Construction 
Industry Development Board (CIDB) to stabilise, improve 
and stimulate the development of construction companies. 
Despite government policies encouraging the growth of 
SMEs in the construction industry, SMEs are still challenged 
by several barriers [9].  The major obstacle confronting 
SMEs in terms of achieving sustainable construction project 
delivery is the lack of external finance from the banks to 
ameliorate the cash-flow problems which occur during the 
life of the construction project [10]. In addition, [11] indicate 
that lack of experience, inadequate estimate practices, poor 
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LITERATURE REVIEW 
SMEs INABILITY TO SUSTAINABLY 
DELIVER PROJECTS

Cost in construction projects is impacted by challenges 
encountered by SME contractors when delivering a 
construction project. [13] describes effective financial 
management as the method of controlling expenditures 
throughout the project and within the approved budget. 
SMEs find themselves at financial risk in construction 
projects due to lack of planning within the organisation 
[14]. Further, lack of planning results in financial risk and 
is often linked to organisational performance or variance 
of returns [14]. These risks include stock returns, financial 
ratios and an uncertain income stream, all of which 

subsequently determine the success of the SME in the 
construction sector. [7] identify lack of financial support 
and education as the most significant factors contributing 
to the hasty creation and subsequent failure of SMEs in 
South Africa. [15] point out that some SME contractors 
reduce the bidding cost of projects through innovation 
and new construction techniques to secure projects and 
still maintain their profit margin. A question on how SMEs 
could successfully establish cost management practices 
to enhance sustainable construction project success in 
construction project delivery can be resolved by identifying 
the most effective cost management strategies used by 
existing SMEs.

[5] argue that, although the government has put measures 
in place in terms of promoting SMEs access to finance. 
Nonetheless, the access to those financial institutions 
is limited, also, the success of application depends on 
assessment criteria set out by the financial institutions [5]. 
Start-up and operating capital is high in the construction 
sector, especially for newly-registered SMEs [5]. The 
authors further emphasise that many SMEs have suffered 
due to financial problems associated with delays in 
payment by the client, and these delays occur most often 
in government construction projects. Though research has 
been conducted on the shortage among construction SMEs 
of financial management expertise, these researchers differ 
in objectives regarding SMEs project success. SMEs are 
most often rejected by banks when applying for loans or 
credit [16]. According to [17], 75% of applications for credits 
or loan by SMEs are rejected and only a very few SMEs 
can obtain loans, depending on the owner’s credit record. 
SMEs need to monitor the cost of production very closely, 
as this is necessary to reduce the amount of wastage 
and determine the most effective means of production in 
construction processes [18]. [19] noted that SMEs often lack 
planning to identify project financial risks, and therefore 
make inadequate cost estimates. 

COST MANAGEMENT MODALITIES  
FOR SMEs TO ACHIEVE SUSTAINABLE 
SUCCESS RATE

 [13] describes effective cost management as the method of 
controlling expenditures throughout the project and within 
the approved budget. An extensive amount of literature has 
been published with respect to cost management modalities 
that augment construction project delivery. These include 
but not limited to: accurate project budgeting; minimising 
bidding cost, and resource budget planning [12, 20, 21]. For 
instance, [20] reveal that for SMEs to deliver construction 

managerial competence in respect to regulating company 
polices and national slumps in the industry are some of the 
factors affecting SMEs sustainable project delivery. 

According to [12], SMEs manage project cost through the 
effective enterprise resource budget planning.  Moreover, 
enterprise budget cost planning is the most cost effective 
tool and SMEs adopt Enterprise Resource Planning (ERP) 
as the way to survive in the industry and be competitive [12]. 
Thus, the effective adoption of cost management practices 
is significant for construction SMEs to achieve a sustainable 
project success. Previous research work appertaining to 
construction SMEs has tended to focus more on barriers to 
entry, business profitability and SMEs business performance 
[7]. Nonetheless limited research work has been conducted 
to examine the cost management modalities for SMEs to 
achieve sustainable delivery of construction projects in 
the South African context. Against this background, the 
problem under investigation may be stated as: SMEs are 
often confronted with cost management problems and are 
often unable to adequately finance projects to completion. 
For this reason, this study aims to investigate and identify 
the most significant cost management techniques that can 
be adopted by construction SMEs to achieve sustainable 
construction project delivery. The structure of the paper 
presents brief discussion concerning pertinent review of 
literature relating to cost management techniques adopted 
in construction projects delivery. The subsequent sections 
outline the research methodology employed to achieve the 
objective of the study as well as the data presentation and 
discussion. The final section presents the conclusions and 
recommendations of the study.

project within their budget, there is a need to do an accurate 
project budget allocation. Thus, budgets can be derived in 
three ways, either prior budgeting, concurrent budget and/
or post budgeting. In summary, budget allocation can only 
be successfully implemented if the project is executed on 
time and according to the client’s specifications. Another 
approach that can be adopted by SMEs as indicated by [21] 
is to reduce the bidding cost of projects through innovation 
and new construction techniques to secure projects and 
still maintain their profit margin. A question on how SMEs 
could successfully establish cost management practices 
to enhance sustainable construction project success in 
construction project delivery can be resolved by identifying 
the most effective cost management strategies used by 
existing SMEs. [12] also revealed that SMEs can manage 
cost through effective enterprise resource budget planning. 
According to the author, Enterprise resource planning 
(ERP) could be adopted by construction SMEs to achieve 
sustainable success rate. Moreover, enterprise budget 
cost planning is the most cost-effective tool, and SMEs 
adopt ERP as the way to survive in the industry and be 
competitive [12]. 

METHODOLOGY 

A mixed method research approach was adopted for this 
study, which involve the use of both quantitative and 
qualitative approaches. [22] explains that the sample of any 
population in a research study is a minimised depiction 
of the population. The study population comprised 
project managers, construction managers, technician, site 
agent, quantity surveyors and business owners/ directors 
operating in SMEs sector.  With respect to the quantitative 
data collection, Construction SMEs in the Eastern Cape 
Province, particularly in the following metropole, East 
London, Port Elizabeth, Mthatha and Butterworth formed 
the basis of study. Each metropole was grouped into clusters 
of thirty-two (32) in which respondents were selected using 
a purposive sampling technique. A total of one hundred 
and twenty-eight (128) companies were selected with at 
least two (2) representative of each companies. The survey 
questionnaire was sent to participants through email and 
a hardcopy was submitted to the supervisor for the record. 
Assistance was received from the Department of Public 
Works (ECDPW) and the Eastern Cape Business Chamber 
(NMBC), in terms of contacts in SMEs around the Eastern 
Cape province. The participants were given at least one 
week to complete the questionnaire and respond directly to 
the researcher or through the ECDPW or NMBC. The names 

of the participants in this study were kept anonymous. 

The questionnaire was divided into two parts, part one 
consisted of biographic information related to the respondent 
and the company, with contractors required to answer all 
questions based on their opinion and experience. While 
part two was based on cost management modalities. To 
determine the most significant cost management practices 
Likert scale was adopted. Out of the 128 questionnaires 
that was distributed, a total of 59 questionnaires were 
retrieved, representing a 46% response rate.

To analyse the quantitative data, Statistical Package 
for the Social Sciences (SPSS) version 25 was adopted. 
Descriptive statistics was adopted to summarise, organise, 
and reduce large numbers in the research study. The results 
are presented with the mean ranking, which could either 
be ascending or descending using the relationship between 
the variables. This study adopted the Cronbach’s Alpha 
coefficient to measure the internal consistency of the items 
associated with the Likert scale questions. [23] state that 
the closer is the measured items are to 1, the higher the 
consistency and reliability of the scale questions.

To validate the quantitative data obtained, two (2) SME 
contractors from construction companies earlier selected 
were interviewed. [24] pointed that validity of questions is 
a judgement based on appropriateness of measurement(s) 
or decision(s). Open-ended interview questions were 
developed. The interviews were conducted with the aim 
to establish effective cost management modalities to 
achieve sustainable success rate of SMEs construction 
project delivery. Similarly, [25] stated that interviews give 
the researcher flexibility and power to dialogue and interact 
with the respondents. With respect to semi-structured 
interviews, content analysis was used. This was confirmed 
by [22] who explained that content analysis enables the 
researcher to omit any irrelevant information, terms and 
also by giving a summary of accounts.

RESULTS AND DISCUSSIONS  
COMPANY CIDB GRADE

Table 1 presents the CIDB grading for firms which the 
respondents are employed in. It should be noted that 
35.6% of the firms are categorised as grade 3, followed by 
32.2% of the firms which are classified as grade 4. 22.0% 
of the firms are in the category of grade 2 and only 10.2% 
of the firms are in grade 



46 47

PROFILE OF RESPONDENTS

The Table 2 below presents the profile of the respondents. 
The most dominant age group was between 26 and 39 
with 54.2% of respondents. With respect to the relevant 
experience of the respondents in terms of managing and 

TABLE 1 
CIDB GRADE

CIDB Grade No Percent (%) Cumulative %

Grade 1 6 10.2 10.2

Grade 2 13 22.0 32.2

Grade 3 21 35.6 67.8

Grade 4 19 32.2 100.0

Total 59 100.0  

TABLE 2 
PROFILE OF RESPONDENTS

Age group of the respondents No. of respondents Percentage %
18 – 25 6 10.2

26 – 39 32 54.2

40 – 49 14 23.7

50 – 59 7 11.9

Total 59 100.0

running construction project, 37.3% of respondents 
have relevant experience ranging between 1 to 5 years. 
Most of the respondents 47.5% hold National Diploma 
qualifications. The findings further revealed that 37.3% 
of the respondents were site agent, while 62.7% of 
respondents were males and 37.3% females. 

Relevant experience of 
respondents in the industry

No. of respondents Percentage %

1-5 years 22 37.3

6-10 years 15 25.4

11-15 years 15 25.4

16-20 years 4 6.8

20 & Above 3 5.1

Total 59 100.0

Educational qualification No. of respondents Percentage %

Below Matric 1 1.7

Matric Certificate 7 11.9

National Diploma 28 47.5

Bachelor Degree 15 25.4

Other 8 13.6

Total 59 100.0

Role of the respondents No. of respondents Percentage %

Quantity Surveyor 6 10.2

Project Manager 12 20.3

Site Agent/ Foreman 22 37.3

Other 19 32.2

Total 59 100.0

Total 59 100.0

Gender No. of respondents Percentage %

Male 37 62.7

Female 22 37.3

Total 59 100.0
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EFFECTIVE COST MANAGEMENT  
PRACTICES FOR SMEs

Effective circulation of drawings and specifications among 
management teams to identify abortive works is rated as 
the most significant cost management practices, with a 
mean value (MV) of 4.08. This is supported by the fact 
that 83% of respondents agreed that effective circulation of 
drawings among project management teams is the core of 
SME cost management practice, while a minority of 16.9% 
were undecided. Table 3 also indicates that there were no 
respondents who disagreed on this modality. Managing 
cost through work production is considered by respondents 
as the second most essential cost management practices 
with a MV of 4.07. The research findings show that 83% 

of the respondents agreed that managing cost through 
work production is important in terms of managing cost 
for SME. 69.5% of respondents with a MV of 4.02 agreed 
on appointment of experienced estimators with relevant 
experience and was rated as the third most significant 
factor in terms of cost management practices. 28.8% of 
the respondents were neutral regarding cost management 
through appointment of experienced estimators, while 
1.7% of the respondents disagreed. The least ranked 
factor, according to the respondents, is precise cost 
estimate during procurement of the project which has a MV 
of 3.66. It is important to mention that all MVs are above 
3.00, and average MV for the combined factors is 3.90, 
which indicates that the factors are significant in terms 
of influencing construction SMEs to achieve sustainable 
construction project success.

TABLE 1 
CIDB GRADE

Statements No SD% D%           N% A% SA% Mean Std. Rank

Effective circulation of 
drawings and specification  
among management team 
to identify abortive works

59 0.0 0.0 16.9 57.6 25.4 4.08 .65094 1

Managing cost through 
work production 59 0.0 1.7 15.3 57.6 25.4 4.07 .69144 2

Appointment of experienced 
estimators who are 
conversant with the 

industry

59 0.0 1.7 28.8 35.6 33.9 4.02 .84060 3

Subcontracting work 
to transfer financial 

responsibility
59 0.0 5.1 11.9 61.0 22.0 4.00 .74278 4

Effective system for 
monitoring cash flow of 

business/ project
59 1.7 3.4 13.6 57.6 23.7 3.98 .81983 5

Resource allocation on a 
project is well defined 59 0.0 3.4 18.6 55.9 22.0 3.97 .74199 6

Managing cost through 
effective allocation of 

budget to each activity
59 0.0 0.0 32.2 40.7 27.1 3.95 .77512 7

Managing cost through 
project cost reporting 59 0.0 1.7 30.5 40.7 27.1 3.93 .80653 8

Procurement of materials 
based on comparative 

market analysis
59 0.0 3.4 18.6 59.3 18.6 3.93 .71594 8

Effective administration 
of variations and contract 

instructions
59 0.0 5.1 16.9 59.3 18.6 3.92 .74944 9

Employees are trained on 
how to effectively manage 

the cost  of projects
59 0.0 1.7 22.0 59.3 16.9 3.92 .67691 10

Effective cost control during 
the project delivery 59 0.0 5.1 28.8 39.0 27.1 3.88 .87266 11

Access to financial 
institutions for project 

funding
59 0.0 10.2 22.0 45.8 22.0 3.80 .90553 12

Ability to manage capital 
raised by owners of SMEs 59 6.8 3.4 13.6 59.3 16.9 3.76 1.00583 13

Money due to suppliers is 
paid on time to prevent any 

interest cost on projects
59 3.4 5.1 16.9 16.0 13.6 3.76 .87767 13

Scope creep is well 
managed to avoid over-

budget/ escalation
59 0.0 1.7 33.9 50.8 13.6 3.76 .70317 13

Timely progress payment 
by client 59 5.1 11.9 18.6 32.2 32.2 3.75 1.18312 14

Precise cost estimating 
during the procurement 

stage of a project
59 0.0 5.1 35.6 47.5 11.9 3.66 .75681 15

Average 59 3.90



50 51

Journal of Construction Vol13 | Issue 3 Journal of Construction Vol13 | Issue 3

EFFECTIVE COST MANAGEMENT  
PRACTICES THROUGH BUDGETING  
IN SMEs

Table 4 presents the findings related to effective cost 
management practices through budgeting that can be 
adopted and implemented by SMEs to achieve sustainable 
construction project success in South Africa. From Table 
4, it is notable that effective and accurate cost estimate is 
ranked first, with a MV of 4.17. This is also corroborated 
by the fact that an overwhelming 81% of the respondents 
agreed that effective and accurate cost estimate is an 
efficient way through which construction SMEs could be 
able to achieve sustainable construction project success. 
However, 10.2% of respondents were undecided, 
and 1.7% of the respondents disagreed that this cost 
management practice through budget was effective. 
72.9% of the respondents agreed that avoiding wastage on 
construction sites was a major modality contributing to cost 
management, with second highest MV of 4.07 and ranked 
second. Nevertheless, 27.1% of the respondents were 

undecided and none of the respondents disagreed that this 
modality is effective. Effective procurement strategy was a 
notable effective cost management modality, and is ranked 
third with a MV of 4.03 and with standard deviation (std) 
of 0.76. It is also important to highlight that 76.3% of 
the respondents agreed that cost management through 
effective procurement strategy is efficient. However, 
22.0% of the respondents were neutral and 1.7% of 
the respondents disagreed that SME cost is managed 
through effective procurement strategy. Also, the effective 
budget planning at tender stage is ranked third, also with 
MV=4.03 and std deviation 0.67 for effective budget 
planning compared to std=0.76 for effective procurement 
strategy. 83% of the respondent agreed, with minor 15.3% 
neutral and 1.7% disagreeing, that cost management can 
be managed through budget planning at tender stage. The 
least ranked factor is managing budget through effective 
cost schedule, with MV=3.93. The average mean value for 
all factors relative to SME cost practice through budgeting 
is 4.05, which implies that adopting and implementing 
the modalities would assist SMEs to achieve sustainable 
construction project success in South Africa.

TABLE 4 
EFFECTIVE COST MANAGEMENT PRACTICES THROUGH BUDGETING IN SMES

Statements No SD% D%           N% A% SA% Mean Std. Rank

Effective and accurate cost 
estimate 59 0.0 1.7 10.2 57.6 30.5 4.17 .67345 1

Avoiding wastage on 
construction site 59 0.0 0.0 27.1 39.0 33.9 4.07 .78487 2

Effective procurement 
strategy 59 0.0 1.7 22.0 47.5 28.8 4.03 .76488 3

Effective budget planning at 
tender stage 59 0.0 1.7 15.3 61.0 22.0 4.03 .66866 3

Through effective cost 
schedule 59 0.0 0.0 22.0 62.7 15.3 3.93 .61207 4

Average 59 4.05

INTERVIEWS

BACKGROUND INFORMATION OF  
THE RESPONDENTS AND THE FIRM

The first interview was conducted with the company’s 
director (referred in here as Respondent A) on 05 September 
2019 in King Williams Town, a suburb of East London in the 
Eastern Cape Province, at 10:00am. The second interview 
was conducted with the company’s director (referred in 
here as Respondent B) and he is the only person running 
all the management duties for the company. The interview 
took place on 06 September 2019 in Southernwood a 
suburb of East London at 14:45pm.

Respondent A 
With regard to effective cost management practice the 
respondent stated that cost management practices depend 
on the environment in which SMEs operate and pointed 
that there are contract documents such as JBCC and 
NEC guiding the operations of SMEs. The respondent also 
mentioned the allocation of human resources according to 
their skills. The respondent was also of the view that cost 
could be managed through self-designed excel programme 
by looking at all the cost activities and to monitor the cost 
by benchmarking on construction programme. According 
to the interviewee, the firm determines the cost estimate of 
the project by dividing the work into different elements at 
the tender stage of the project. This approach is adopted 
to prepare a budget for each activity and to manage the 
project cost when they are awarded the project. The 
respondent stated that timely payment by the client for the 
work done BY the contractor to effectively manage cash 
flow. The circulation of information is managed through site 
instruction book which is known as a contract instruction 
book and where there is a complete new variation order 
which was never part of the scope, the company will 
get quotations and do a precise estimate of that item for 
approval prior to the start of the activity.

Respondent B 
In respect to effective cost management practices, the 
company has developed a spreadsheet for the activity 
rate build up. Most of the projects were priced using the 
schedule of quantities. The respondent mentioned that 
the company adopt rate build-up as basis of estimate 
for future projects. The respondent also revealed that the 
company has adopted the use of excel spreadsheet as a 
tool for recording invoices on a month-to-month basis of 
which those recorded invoices indicate the lost or profit 
on project and subsequently forms the basis of cost 
reporting. The excel spreadsheet also helps the respondent 

in compiling the financial year submissions to SARS at the 
end of every financial year. The respondent further stated 
that the rates are built based on supplier’s quotations and 
a continuously update of spreadsheet is necessary for 
effective cost management. Furthermore, the respondent 
noted that a good communication and relationship with 
supplies plays a key role towards the competiveness of 
the companies tender because of the discounts given by 
the long serving suppliers. The respondent mentioned that 
during the construction stage of the project, the actual cost 
is compared with the budgeted cost on excel spreadsheet 
and that actual measured cost is also serving as the final 

account.

DISCUSSION OF RESULTS 

The quantitative results revealed that effective circulation 
of drawings and specification information are effective 
SMEs cost management practice (MV=4.08). The result 
aligns with [26] assertion that effectiveness of circulation of 
information among the project team during the construction 
project delivery assists in terms of identifying changes on 
project in order to add the cost of new works. [26] add that 
the reporting process of site information is very essential 
and critical in order to develop a computing system to 
check the available project information such as drawing 
and instruction. The finding is also consistent with that of 
[27]. [27] revealed that the speed, clarity from the consultant 
and accuracy of drawing information issued ensure that 
both site and manager have the proper information as soon 
as they are available on site. The quantitative analysis as 
depicted in Table 3, also revealed that the effectiveness of 
managing cost through work production was the second 
most significant cost management modality with MV of 
(4.07). The finding is akin to the normative literature as 
[28] revealed that improving productivity in construction 
through work production decreases the unit cost and also 
serves as the project cost indicator. The appointment of 
experienced estimator is also indicated as a significant 
SMEs cost management practice (MV=4.02). For SMEs to 
be successful on projects, a proper project cost estimate is 
the key, as the project budget is drawn from the effectiveness 
of the estimator’s cost estimate. This is corroborated by [28] 
who stated that engaging an experienced estimator on a 
project is of paramount importance for SMEs to have a 
competitive bid. The estimator uses specific experience and 
knowledge attained from the previous contracts in order 
to estimate the cost of new project. The research findings 
also indicate that subcontracting work to transfer financial 
risks (MV=4.00) is one of the effective cost management 
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practice that may be adopted by construction SMEs. The 
result is supported by [29] that subcontracting a portion of 
work is beneficial to firms by reducing the firm’s operation 
cost and lowering the cost of overheads and reduce the 
cost of project administration.  

The qualitative results revealed that SMEs rely on timely 
payments by clients for companies to stay functional 
during construction project delivery. This modality relates 
to timely progress payment by client with MV=3.75 in 
quantitative analysis. Nonetheless respondent B suggested 
that discount negotiations from long serving suppliers could 
be utilised as a modality for SMEs to achieve sustainable 
construction project success. This modality is supported by 
[30] who mentioned that in the supply chain of construction 
SMEs, contractors and suppliers get together and negotiate 
during the tender stage of the project and ensure that the 
relationship is maintained between the two parties. The 
qualitative finding revealed that visiting the site before 
the preparation of project cost estimate is important. 
This finding as discussed under quantitative findings is 
related to the appointment of experienced estimator. The 
qualitative results revealed SMEs cost report meeting as 
modality adopted by construction SMEs to manage cost 
during construction project delivery. This cost management 
practice aligns with managing cost through project cost 
reporting with MV=3.93. This finding is supported by 
[31] who noted that SMEs need to adhere to a uniform 
procedure to monitor operations and changes in cash flows 
and changes in financial status of the firm.  

CONCLUSION AND  
RECOMMENDATION  

Effective cost management techniques/practices is 
considered as one of the significant modalities to achieve 
SMEs success rate in construction project delivery. To 
identify the key modalities that will engender SMEs success 
rate, a review of the existing literature was conducted and 
administration of research survey questionnaires was 
carried out to construction management teams, while 
interviews were further conducted with selected members 
of management teams. Based on analysis of the quantitative 
data gathered, the most significant cost management 
practices include: effective circulation of drawings and 
specification information (MV=4.08), effectiveness of 
managing cost through work production (MV=4.07), the 
appointment of experienced estimators (MV=4.02) and 
subcontracting work to transfer financial risk (MV=4.00). 

The qualitative results were consistent with that of the 
quantitative. From the interviews conducted, respondents 
revealed that effective cost management practices adopted 
by construction SMEs include timely payment by clients 
and discount negotiations from long-serving suppliers. In 
addition, accurate rate build-up and continuous rate update 
based on the market price was identified as another cost 
management technique. More so, the qualitative findings 
revealed that site visits prior to preparation of project cost 
estimates, capital raised by directors, and cost reports are 
the most effective cost management practices that could 
be adopted by construction SMEs in their quest to sustain 
their businesses. 

In summary, the findings from this study reveal that some 
SMEs in South Africa use work production to manage cost 
during construction project delivery, while others believe 
that avoiding waste on projects leads to cost savings. This 
research found that SMEs manage cost by appointing 
experienced estimators to ensure accurate cost estimate, 
while others believe that to achieve a sustainable success 
rate in construction projects, SMEs should adopt effective 
procurement strategies. Based on the findings, it is therefore 
recommended that during the construction stage of the 
project, the management team should ensure effective 
circulation of production information, particularly drawings, 
among all managerial personnel working on the project for 
easy identification of variations and cost the abortive works 
if needs be. Additionally, SMEs in South Africa should have 
a clear strategy regarding procurement practices based on 
their expertise, and tender for works that are within their 
domain, such as meeting the requirements relative to the 
CIDB grading and other polices regarding SMEs which are 
in effect in South Africa. Finally, SMEs should endeavour 
to appoint qualified estimators to manage their tendering 
process, as this practice will assist in preparing accurate 
estimates for tendering purpose.
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Abstract
Purpose
This study investigates the incidence of stakeholder 
acceptance of infrastructure assets using transportation 
infrastructure asset exemplars. It engaged with the 
assessment of planning and design parameters which 
impact on the level of stakeholder acceptance and the 
relationship between these parameters. 
 
Research Method 
The study utilized two transportation infrastructure assets 
situated in Bloemfontein as case studies. Data was collected 
using sequential mixed method. Questionnaires were 
administered to a a purposively selected sample (n=303) 
for the assessment of planning and design parameters 
extracted from literature. Afterwards, a focus group 
discussion involving 7 discussants, and the interpretative 
structural modeling (ISM) process was used in determining 
the relationship between the identified parameters.   

Findings
Findings revealed that walking distance to the facility proved 

most influential of the 19 parameters evaluatedpromote the 
health and ensure the safety of women on construction sites, 
factors needing consideration are physical work capacity, 
personal protective equipment, and anthropometry, 
biological and physiological composition.

Value
The study’s findings are expected to guide the development 
of a protocol for improving stakeholder acceptance of public 
infrastructure projects.

Keywords: Bloemfontein, Stakeholder Acceptance, 
Transportation Infrastructure, Interpretative Structural 
Modelling

INTRODUCTION

Transportation infrastructure plays a critical role in 
national economic and social development1. It provides 
linkages upon which the movement of goods and services 
are predicated. The quality of transportation systems 
has been applied as a yardstick for measuring national 
competitiveness.  Also, transportation infrastructure assets 
have been identified as a major contributor towards the 
attainment of the sustainable development goals (SDGs). 
As such, the development of relevant transportation 
infrastructure and/ or systems has become priority for 
most nations. High degree of complexity is usually 
associated with the planning, procurement, delivery, and 
management of public transportation infrastructure. Such 
complexity derives from the involvement of a multiplicity 
of stakeholders with varied and conflicting expectations, 
differences in policy guidelines, and the challenging terrain 
of the project delivery environment. 

Based on the foregoing, several economies across the globe 
have made considerable investments in improving their 
transportation infrastructure. However, these efforts have 
recorded underwhelming performance, particularly within 
the developing economies context. This is evident in the 
increasing number of failed and abandoned transportation 
projects which have continued to dot the project landscape 
in these economies.  

Journal of 
Construction 
Volume 13 | Issue 3

AN EVALUATION OF PLANNING AND DESIGN PARAMETERS 
INFLUENCING STAKEHOLDERS’ ACCEPTANCE OF PUBLIC 
TRANSPORTATION INFRASTRUCTURE FACILITIES
I.S Azege1*, D.K. Das2 and B.O Awuzie3



58 59

Journal of Construction Vol13 | Issue 3 Journal of Construction Vol13 | Issue 3

LITERATURE REVIEW

Transportation infrastructure for  
economic development

More than ever, the unprecedented levels of population 
growth have challenged countries to promote programs 
and activities that enhance citizen welfare whilst promoting 
national and international relationships3. These activities 
are often expected to drive economic growth within 
various country-contexts. Nistor and Popa4 note that 
the effectiveness and efficiency of economic and social 
activities are hinged on the mobility of goods and services. 
Often, national economic development is measured by the 
quality of its infrastructure stock, inclusive of transportation 
infrastructure. Transportation infrastructure is a type of 
infrastructure that provides platform for transportation 
services. According to Chen, Bai and Zhang5, transportation 
infrastructure improves economy of a region through 
creation of job opportunities and motivation of enterprises. 
This assertion implies that the success of transportation 
infrastructure is assessed based on the economic benefits 
it offers to the populace. 

Due to its critical role in facilitating economic development, 
developed countries like USA, Canada and China have 
prioritized transportation infrastructure delivery. Similarly, 
developing countries like South Africa and India have 
employed similar strategies to promote domestic and 
international trade and, create employment opportunities 
thereby making significant contributions to a country’s 
total gross domestic product (GDP) 6,7. Despite the 
contributions of transportation infrastructure for economic 
development, it is evident that countries lacking in good 
transportation infrastructure have suffered setbacks in 
terms of social and economic development. Furthermore, 
certain areas witnessing high agricultural production 
have failed to contribute to economic development due to 
poor transportation infrastructure network8. Therefore, it 
is essential that quality transportation infrastructure and 
sufficient transportation network is prioritized by any nation 
or region for economic development.

Factors influencing transportation  
infrastructure project delivery success

The provision of transportation infrastructure is usually 
aimed at solving challenges associated with the movement 

Although successive studies have sought to investigate 
the failed and/or abandoned transportation infrastructure 
projects and assets, a paucity of studies seeking to 
investigate the nexus between the project abandonment 
or non-, or underutilization of completed assets and 
stakeholder acceptance has been observed. This trend 
is worrisome especially as scholars have highlighted the 
salience of optimal levels of stakeholder acceptance in 
engendering project success 2. This study stems from this 
observation. As a major proposition, the study postulates 
that the level of stakeholder acceptance or non-acceptance 
of transportation asset infrastructure is influenced by 
various planning and design parameters. Accordingly, 
this study seeks to identify these planning and design 
parameters albeit using transportation asset infrastructure 
situated within the Bloemfontein. In furtherance to this, 
the study evaluates the relationship between critical 
planning and design parameters identified relying on the 
instrumentality of the interpretative structural modelling 
protocol. It is expected that an understanding of these 
relationships will facilitate better decision-making towards 
achieving optimal stakeholder acceptance during various 
stages of a transportation infrastructure delivery process. 

In order to accomplish the objective of the research study, 
the rest of this paper is structured as follows: a review of 
relevant literature, justification of the research methods 
deployed, presentation and discussion of the study’s 
findings/results as well as the conclusion. 

of goods, services, and persons from one point to another9. 
Adequate assessment of land use, population growth and 
traffic growth are carried out to forecast future transportation 
needs and services. This assessment and the attendant 
forecast help planners and other decision-makers alike in 
engendering successful planning, design, and delivery of 
sustainable transportation infrastructure.

Planning for transportation infrastructure is often multi-
faceted in the sense that various factors, particularly 
the type of transportation infrastructure and its location, 
influence the planning process. The factors associated with 
the location of transportation infrastructure projects are 
extant government policy, the social norms and culture of 
a people and households distribution10. It is considerable 
that public transportation infrastructure is situated in a 
manner that supports increased accessibility by potential 
users. The location must be in proximity to residences and 
places of social and economic activities11,12. Also, funding 
for transportation infrastructure has been one of the factors 
affecting the delivery of transportation infrastructure. In this 
regard, adequate financial preparation for such projects 
becomes imperative to forestall successful completion13. 
The safety and security of the users remain another factor 
that must be considered during the planning and delivery 
phases of such projects. As such, safety and security 
consideration should be paramount in transportation 
infrastructure design and planning considerations.  

Transportation infrastructure  
project stakeholders’ management and 
acceptance

The management of stakeholders involves their engagement 
and participation within a given transportation infrastructure 
project. Therefore, effective stakeholders’ management 
is important because, every transportation infrastructure 
project affects or is affected by an individual or group of 
individuals. In this way, the objective of meeting their 
transportation needs will be met. Tammer14 emphasizes 
that early identification, engagement, and consultation of 
stakeholders enables identification of risks, development of 
trust among them, and drives active participation thereby 
culminating in successful transportation infrastructure 
delivery. The uncertainties associated with the project 
are better managed through an in-depth elicitation of 
stakeholders’ knowledge, experiences, and innovative ideas 
15,16. Yet, effective engagement of stakeholders is often 
undermined by various factors like the diversity of views and 
interests held by a multiplicity of stakeholders and project 
complexity. These factors tend to make the attainment of 

the required levels of stakeholder acceptance, an arduous 
task. The attainment of stakeholder acceptance is deemed 
critical to project success as failure in this regard can result 
in stakeholder apathy in the infrastructure asset, in this 
case, transportation infrastructure.

Yazdanpanah, Komendantova and Ardestani17 identify 
optimal use of transportation infrastructure assets 
by prospective users as an indicator of stakeholders’ 
acceptance. Certain factors have been established in the 
corpus of extant literature as influencing the stakeholder 
perceptions towards a project, thereby resulting in their 
acceptance or otherwise of the asset being delivered.  These 
factors include trust and knowledge about the infrastructure 
project18, effective communication19, the degree of socio-
economic benefits associated with the infrastructure, 
among others. These socio-economic benefits associated 
with transportation infrastructure comprise of the following 
features, namely, accessibility, affordability, and safety 
12. In addition to these socio-economic factors, some 
environmental factors have been shown to affect the degree 
of stakeholder acceptance of an infrastructure project.   
These factors include air pollution, noise, temperature 
and exposure to sunlight20. Furthermore, other factors 
associated with planning and design of the infrastructure 
projects like travel time, waiting time, presence of security 
agents, proximity to residences also influence stakeholders’ 
perceptions and subsequent decisions on acceptance21. 
It is seemingly commonplace for stakeholders to weigh 
benefit against cost implications in their choice of a 
particular transportation infrastructure over another. The 
choice is mostly common in event where a transportation 
infrastructure provided offers similar services with an already 
existing at the same location. In order to allow for increased 
buy-in of a new transportation infrastructure project by 
stakeholders, there should be reasonable improvement in 
services and benefits to the stakeholders22. It is therefore 
essential in transportation infrastructure project delivery to 
effectively manage stakeholders for its success. To enhance 
stakeholders’ acceptance of a project or asset, the various 
social, economic, environmental, planning and design 
factors must be given adequate attention during various 
phases of the transportation infrastructure lifecycle. These 
factors as sourced from relevant literature is presented in 
Table 1. 
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TABLE 1
PLANNING AND DESIGN PARAMETERS INFLUENCING STAKEHOLDER 
ACCEPTANCE OF INFRASTRUCTURE PROJECTS

 S/No Parameters Source

 1 Availability of business 
opportunities

Chen, Bai and Zhang (2019); Mejía Dorantes, Paez and 
Vassallo Magro (2010)

 2 Walking distance to public 
transport facility

Boschmann and Brady (2013); He, Mol and Lu (2016); 
Bashingi, (2016); Zoellner, Scheizer-Ries and Wemheuer 

(2008)

 3 Shelter at passengers waiting 
area Goshayeshi, Zaky, Fairuz and Khafi (2013)

 4 The boarding time of vehicles Lenne, Ruddin-Brown, Navarro, Edguist, Trotter and Tomasevic 
(2011)

 5 Available space between 
parked vehicles Naude (2015)

 6
Method for aged and disable 

people to access public 
transport facility

Boschmann and Brady (2013); Bromley, Matthews and 
Thomas, (2007); Soltani, Sham, Awang and Yaman (2012)

 7 Vehicle parking type McCoy, P.T., Ramanujam, M., Moussavi, M. and Ballard, J.L., 
(1990); Morency, C. and Trépanier, M. (2008)

 8 Vehicle waiting time at public 
transport facility Zheng, Zheng, Chatzimisios, Xiang and Zhou (2015)

 9 Traffic capacity Sun and Cui (2018)

 10 Traffic signals Lenne, Ruddin-Brown, Navarro, Edguist, Trotter and Tomasevic 
(2011)

 11 Traffic signs Trifunovic, Pesic, Cicevic and Antic (2017)

 12 Size of parking lot or parking 
bay Bester and Da Silva (2012); Damen and Huband (2006)

 13 Size of passengers’ waiting 
area Yang, Yang, Xue, Zhang, Pan, Kang and Wang (2019)

 14 Vehicle restrictions on the use 
of public transport facility Hanna, Kreindler and Olken (2017)

 15 Road width Chandra and Kumar (2003); Eniola, Njoku, Seun and Okoko, 
(2013); Olagunju (2015); Zheng, Sun  and Yang (2015)

 16 Sight distances De Santos-Berbel, Castro, Medina and Paréns-González (2014)

 17 Road grade/ steepness Bauer and Harwood (2013)

 18 Vehicle turning radius Savkin and Teimoori (2010)

 19 Pavement marking to guide 
movement

Adedeji, Abejide, Monts’l and Hassan (2019); Rehman and 
Duggal (2015)

 20 Security operatives at public 
transport facility Rundmo, Nordfjærn, Iversen, Oltedal and Jorgensen (2011)

 21 Passengers’ waiting time Vansteenwegen and Oudheusden (2005)

 22 Number of vehicles waiting for 
passengers Kim (2012)

 23 Nearness to U-turn to public 
transport facility Pannela and Bhuyan (2017)

4 Advanced energy and water 
performance

Reward smart building technologies that reduce plug loads and 
employ smart energy scheduling to provide power when needed.

Source: Authors’ compilation (2020)

However, the planning and design phases are considered 
most critical in engendering improved stakeholder 
acceptance of infrastructure assets. And transportation 
infrastructure is not an exception. The rising spate of 
underutilization of transportation infrastructure by intended 
users, particularly bus terminals, within the developing 
country context has necessitated this study. Accordingly, 
this study investigates the issue of stakeholder acceptance 
of transportation infrastructure within the aforementioned 
context, identifying as it were, the planning and design 
parameters influencing the levels of acceptance experienced 
and exploring the relationship between the critical 
parameters, relying on the ISM methodology. 
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RESEARCH METHOD

More than ever, the unprecedented levels of population 
growth have challenged countries to promote programs 
and activities that enhance citizen welfare whilst promoting 
national and international relationships3. These activities 
are often expected to drive economic growth within 
various country-contexts. Nistor and Popa4 note that 
the effectiveness and efficiency of economic and social 
activities are hinged on the mobility of goods and services. 
Often, national economic development is measured by the 
quality of its infrastructure stock, inclusive of transportation 
infrastructure. Transportation infrastructure is a type of 
infrastructure that provides platform for transportation 
services. According to Chen, Bai and Zhang5, transportation 
infrastructure improves economy of a region through 
creation of job opportunities and motivation of enterprises. 
This assertion implies that the success of transportation 
infrastructure is assessed based on the economic benefits 
it offers to the populace. 

Description of Case
To seek the understanding of planning and design factors 
influence on stakeholders behaviour in South Africa, Central 
Park Interstate Bus Line (IBL) and Mangaung Intermodal 
Transport Facility (MITF) were identified. Whereas the 
MITF is not operational following users’ protest concerning 
its usability in 201224. These infrastructure facilities are 
situated in the Bloemfontein Central Business District (CBD) 
where shopping centers and government departments and 
agencies offices are located.  They are located adjacent to 
each other.  

Central Park Interstate Bus Line (IBL)
The IBL is an elevated transportation infrastructure with 
shopping malls underneath. It has a one-way entry lane 
which measures 7.3m wide, 64.8m long and a one-way 
exit lane with 7.3m long and 55.2m long. All the lanes are 
connected to Hanger Street which runs between IBL and 
MITF. The IBL has twelve parking lots measured 52.0m 
each. Seven of the parking lots has the width of 7.0m and 
the other seven have width of 4.0m. Between every two 
parking lots is a passengers’ waiting area which measures 
4.0m wide except an area in the middle of where hawkers 
make their sales as well as a stairway connected to it. 
These passengers’ waiting areas have shields and seats for 
passengers’ comfort during the waiting period. The IBL is 
built with a traffic capacity of six interstate buses. 

Mangaung Intermodal Transport Facility (MITF)
The MITF consists of a three-storey building with parking 
lots evenly distributed across each each floor. It has a one-
way entry lane measuring 7.5m wide and one-way exit lane 
measuring likewise in width. Between the first and second 
floor is a two-way driveway of 7.5m and the second and 
third floors are connected by two-way driveway of 7.5m. 
The facility at first floor has 21 parking lots that measured 
42.0m long and 2.6m wide each with a driveway, 7.2m 
wide round the parking lots. The second floor has 23 parking 
lots which measured 42.0m long, 2.6m wide and 1.8m 
wide passengers’ waiting area between the parking lots. A 
driveway of 7.0m around the parking lots and connected 
to the exit and entry driveway. Unlike the first and second 
floor, the third floor has 76 parking bays which measures 
10.0m each. The parking bays are segmented into four 
separated by two-ways driveways with cross junction at the 
center and two driveways at opposite ends for discharge of 
traffic from parking bays and the third floor. 

The IBL and MITF were used as cases to examine the 
influence of planning and design parameters on stakeholder 
acceptance of transportation infrastructure projects based 
on the perceptions of various stakeholders

Data Collection and Analysis  
Infrastructure projects are complex undertakings involving a 
multiplicity of tasks and stakeholders across their lifecycle. 
As such, in a study of such nature, there is need to adopt 
data elicitation methods that can allow for the collection of 
data from a wider sample of stakeholders in a timely and 
cost-effective manner without undermining the quality of 
such data at different intervals. Accordingly, the use of a 
sequential mixed method methodological choice became a 
veritable option for achieving the study’s objectives. 

In the first instance, data was elicited using self-administered 
questionnaires. The respondents to the survey were drawn 
from the stakeholder population comprising of the project 
team, passengers, drivers, and professionals who belonged 
to the project team at various phases, mostly recruited from 
the municipality. The survey sought to establish the critical 
planning and design parameters affecting stakeholder 
acceptance of both assets. As such, the questionnaire was 
delineated into two sections. Whereas the first section was 
aimed at eliciting demographic information, the second 
part tried to obtain information concerning stakeholders’ 
perception of the importance or criticality of 23 planning and 
design factors identified from the literature. See Table 1. The 
questions were designed on a five-point Likert scale25,26. 
The five-point Likert Scale was calibrated according to the 
following: 1=strongly disagree to 5=strongly agree. It was 

necessary to carry out pilot stakeholders’ survey to assess 
a common understanding of the questions by respondents 
and researchers27. During piloting of the questionnaire, 22 
respondents were randomly selected using the purpose of 
the research28, 29. The respondents were advised to make 
suggestions or indicate if any question on the questionnaire 
was not properly understood. After administering the 
questionnaire, 22 completed questionnaires were 
collected, signaling a100% response rate. It was checked 

for understanding of the questions by respondents and 
suggestions were treated. Following the corrections on the 
questionnaire, it was subsequently administered on 412 
respondents in Mangaung Metropolitan Municipality over 
a 3-month period. A total of 308 responses were recorded 
and deemed usable for the study. This represented a 
75% response rate. The distribution of the respondents is 
outlined in Table 2. 

TABLE 2
RESPONDENTS’ DEMOGRAPHICS AND DISTRIBUTION

Nature of Stakeholder 
Number of Questionnaires 

Administered 
Number of Completed 

Questionnaires Received 

Project Client (Municipality) 9 7

Project Team (Contractors, 
Designers, Planners, Engineers) 16 11

Taxi owners and drivers 178 138

Passengers 209 152

Total 412 308

Source: Authors’ compilation (2020)

Descriptive statistics such as average weighted mean 
and standard deviation were used to rank the planning 
and design factors thereby assessing the criticality of the 
various parameters. The completed questionnaire data 
were checked for double responses to a questionnaire which 
such were considered not answered. The various questions 
and demographic information about the respondents 
were entered into SPSS 16.0 software for analysis. The 
23 planning and design factors of public transportation 

infrastructure projects were analysed with SPSS software 
to determine the average weighted mean and standard 
deviation (for internal consistency of responses).
In the second phase of the data collection process, a focus 
group discussion panel was convened. The purpose of 
the discussions was to explore the relationships between 
the parameters. The need for such was based on an 
understanding of the impact that such relationships will 
have on stakeholder acceptance of the infrastructure 
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assets. Also, this understanding will assist decision-makers 
and planners to determine the parameters to focus on to 
engender improved stakeholder acceptance. To determine 
the relationship between parameters and their degree 
of influence on other parameters in the relationship, the 
interpretive structural modelling (ISM) methodology was 
utilized27.

An ISM methodology establishes interrelationship between 
factors that influence a phenomena30. The interrelationship 
is determined between each pair of the factors through 

ideas contributed by people with expert knowledge about 
them. Due to probability of subjective opinions about a 
particular relationship between factors, a group discussion 
is required31. In this study, a purposive random sampling 
technique was used to identify and engage discussants. 
The researchers identified 2 academic staff with at 
least 5 years’ experience in transportation research, 2 
transportation infrastructure project planners with at least 
10 years in planning, 2 taxi drivers and 1 construction 
manager as shown in Table 3. 

TABLE 3
THE DEMOGRAPHIC INFORMATION ABOUT DISCUSSANTS

TABLE 4
PLANNING AND DESIGN FACTORS INFLUENCING STAKEHOLDERS’ 
ACCEPTANCE 

Discussants Number Years of experience Female Male

Academic staff 2 >5 0 0

Transportation planner 2 >5 0 0

Vehicle drivers 2 >5 1 1

Construction manager 1 5> 0 1

 S/No Factors
 Number of 
respondents

Mean Sd Rank 

 1 Availability of business opportunities 303 4.21 0.83 1

 2 Walking distance to public transport facility 308 4.08 0.99 2

 3 Shelter at passengers waiting area 302 4.01 0.93 3

 4 The boarding time of vehicles 301 3.82 0.95 4

 5 Available space between parked vehicles 301 3.72 1.10 5

 6 Method for aged and disable people to access 
public transport facility 308 3.67 1.26 6

 7 Vehicle parking type 306 3.64 1.23 7

 8 Vehicle waiting time at public transport 
facility 299 3.63 1.11 8

 9 Traffic capacity 307 3.59 1.21 9

 10 Traffic signals 305 3.56 0.86 10

 11 Traffic signs 306 3.56 0.86 11

Source: Authors’ compilation (2020)

The focus group discussion (FGD) was arranged with 
sampled academic researchers, taxi drivers and consultant 
for discussion. The group discussion was held and facilitated 
by one of the researchers who introduced the purpose of 
the discussion. They were further assured of confidentiality 
of their discussion which was for the purpose of research. 
They were also advised to respect each person’s opinions 
despite any diversity in the opinions. The planning and 
design factors were presented to the discussants in a 
matrix form, from where the facilitator guided discussants 

to give causal relationships among them. The discussion 
exhausted the determination of the relationships in 1 hour 
and 38 minutes which showed the ease-to-understand 
process and the matrix by the discussants.

Presentation of Findings 
The findings from both phases of the data collection 
methods deployed in the study are presented in this section. 
Firstly, an assessment of the influence of the 23 parameters 

on stakeholder acceptance of transportation infrastructure 
asset is presented in section 3.3.1. In section 3.2.2, the 
analysis and findings of the focus group discussion panel as 
provided through the ISM methodology is presented. 

Perception of public transportation infrastructure project 
planning and design parameters influencing stakeholder 
acceptance

Table 4 shows the number of respondents, the average 
weighted means, standard deviation, and percentage 
of responses. The ranked factors indicate that 19 of the 
factors have Likert index mean of above 3.0 which amounts 
to an agreement of a certain parameter’s influence on 
stakeholders’ acceptance about the public transportation 
infrastructure asset.
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 12 Size of parking lot or parking bay 302 3.47 1.30 12

 13 Size of passengers’ waiting area 308 3.46 1.07 13

 14 Vehicle restrictions on the use of public 
transport facility 308 3.44 1.22 14

 15 Road width 308 3.44 0.97 15

 16 Sight distances 308 3.36 1.10 16

 17 Road grade/ steepness 307 3.34 1.04 17

 18 Vehicle turning radius 303 3.13 1.02 18

 19 Pavement marking to guide movement 307 3.12 1.40 19

 20 Security operatives at public transport facility 308 2.97 1.21 20

 21 Passengers’ waiting time 304 2.89 1.01 21

 22 Number of vehicles waiting for passengers 306 2.77 1.00 22

 23 Nearness to U-turn to public transport facility 301 2.26 1.10 23

Source: Authors’ compilation (2020)

Relationship between the planning and design parameters 
influencing stakeholder acceptance 
The relationship between the planning and design 
parameters as determined by discussants is modelled using 
the ISM. Further discussions are provided subsequently.

Self-structured reachability matrix.
In the relationship between two planning and design 
factors, i and j were used to represent the factors. Four 
relation dimensions are used between i and j. These 
dimensions are i influences j denoted as V; i is influenced 
by j, denoted as A; i and j influence each other as denoted 
by X and parameter i and j have no influence on neither of 
them as denoted as O. The various relationships influences 
are presented as SSIM in Table 5 with i on the rows and j 
on the columns.

TABLE 5
SELF STRUCTURE-INTERACTION MATRIX (SSIM)

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 1 A A V O O O O O X A A O O O O O O O

2  1 X X V O O O O V X X O O O O O O O

3   1 O A O O O O A X O O O O O O O O

4    1 O O O O O V O O O O O X V O X

5     1 O A A O O X V O O O O O O O

6      1 A O O O A O O V O O O O O

7       1 O O X O V O V V V O O V

8        1 O V O O O V O O O O O

9         1 O O O V O O O V O V

10          1 O O O O O V A V X

11           1 O O O O O O O O

12            1 O X O O O O O

13             1 V O O V O O

14              1 A O O O O

15               1 V O O O

16                1 O V V

17                 1 O O

18                  1 V

19                   1

Source: Authors’ compilation (2020)
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Reachability matrix (RM)
It is customary to develop a reachability matrix from the 
SSIM. Reachability matrix exists in two forms: initial 
reachability matrix and final reachability matrix. The initial 
reachability matrix is developed by substituting V, A, X and 
O letters from SSIM with 0s and 1s. The guiding principles 
of the substitution are that (1) if the (i, j) entry in SSIM is 

After the development of initial RM by substituting the 
various relationships with binary numbers, the final RM 
is then developed through incorporation of transitivity. The 
transitivity is checked by using the opinions received from 
participants in Table 3. 

TABLE 6 
INITIAL REACHABILITY MATRIX

TABLE 7 
FINAL REACHABILITY MATRIX

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

2 1 1 1 1 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0

3 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

4 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1

5 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0

6 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0

7 0 0 0 0 1 1 1 0 0 1 0 1 0 1 1 1 0 0 1

8 0 0 0 0 1 0 0 1 0 1 0 0 0 1 0 0 0 0 0

9 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1

10 1 0 1 0 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1

11 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0

12 1 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0

13 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0

14 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0

15 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0

16 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

17 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

19 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 DP

1 1 1 1 1 0 0 1 0 0 1 0 0 0 0 0 1 1 1 1 10

2 1 1 1 1 1 1 0 0 0 1 1 1 0 1 0 1 1 1 1 14

3 1 1 1 1 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 9

4 1 1 1 1 0 0 1 0 0 1 1 1 0 0 0 1 1 1 1 12

5 1 1 1 0 1 0 0 0 0 0 1 1 0 1 0 0 0 0 0 7

6 1 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 5

7 1 0 0 1 1 1 1 0 0 1 0 1 0 1 1 1 0 1 1 12

8 1 0 1 0 1 0 1 1 0 1 1 1 0 1 0 1 0 1 1 12

9 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 1 6

10 1 0 1 0 1 1 1 0 0 1 0 1 0 1 1 1 0 1 1 12

11 1 1 1 1 1 1 0 0 0 1 1 1 0 1 0 0 0 0 0 10

12 1 1 1 1 1 0 0 0 0 1 1 1 0 1 0 0 0 0 0 9

13 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 5

14 1 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 4

15 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 1 0 5

16 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 1 1 7

17 1 0 1 0 0 0 1 0 0 1 0 0 0 0 0 1 1 1 1 8

18 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 3

19 1 0 1 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1 8

D 14 10 11 9 8 6 7 1 1 15 7 13 2 12 3 10 7 11 11 158

Source: Authors’ compilation (2020)
Source: Authors’ compilation (2020)

V, then (i, j) entry in initial RM is 1 and (j, i) entry is 0; if 
the (I, j) entry in SSIM is A, then (I, j) entry in initial RM 
is 0 and (j, i) entry is 1; if the (I, j) entry in SSIM is X, 
then both (i, j) and (j, i) entry are 1 and if the (i, j) entry in 
SSIM is O, then both (i, j) and (j, i) entries are 0. The initial 
reachability matrix is presented in Table 6.

Transitivity concept is a situation where if parameter 
A influences parameter B and parameter B influences 
parameter C, then it implies that parameter A influences 
parameter C. In this case, a 0 in the intersection cell of 
parameter A and C is replaced with 
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Level partitioning
The final reachability matrix is used to determine the 
reachability sets and antecedent sets. Reachability set is 
a set of parameters containing itself and other parameters 
that it may influence while the antecedent set is a set 
of parameters containing itself and parameters that may 
influence it. After determination of reachability set and 
antecedent set for all the parameters, intersection set for 
each of the parameters is generated. The parameter for 
which the reachability set, and intersection set are equal 
sets occupies the first and topmost level. In this case, 

the factor 18 in Table 6 have equal reachability set and 
intersection set, hence, occupy the first and top-most level 
in ISM. Then, parameter 18 is therefore removed from the 
list of factors under consideration. The process is repeated 
until the level of every factor is obtained from the level 
partitioning process. Table 8 shows the iterations which 
determine the various levels of each parameter in the ISM 
model. After the level of each parameter is obtained from 
the iterations, an ISM model is formed from the iterations 
and the final reachability matrix.

TABLE 8
LEVEL PARTITIONING FROM ITERATION I TO ITERATION X 

S/No Factor Reachability set Antecedent set Intersection set Level

1 18 10, 18, 19 1, 2, 4, 7, 8, 10, 15, 16, 
17, 18, 19 10, 18, 19 I

2 16 2, 4, 10, 16, 17, 18, 19 1, 2, 4, 7, 8, 10, 15, 16, 
17, 19 2, 4, 10, 16, 17, 19 II

3 1 1, 2, 3, 4, 7, 10, 16, 17, 
18, 19

1, 2, 3, 4, 5, 6, 7, 8, 10, 
11, 12, 14, 17, 19

1, 2, 3, 4, 7, 10, 17, 
19  III

4 12 1, 2, 3, 4, 5, 10, 11, 12, 
14

2, 3, 4, 5, 6, 7, 8, 10, 11, 
12, 13, 14, 15

2, 3, 4, 5, 10, 11, 12, 
14 IV

5 14 1, 2, 12, 14 2, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15 2, 12, 14 IV

6 5 1, 2, 3, 5, 11, 12, 14 2, 3, 5, 7, 8, 10, 11, 12 2, 3, 5, 11, 12 V

7 6 1, 2, 6, 12, 14 2, 3, 6, 7, 10, 11 2, 6 V

8 15 12, 14, 15, 16, 18 7, 10, 15 15 V 

9 3 1, 2, 3, 4, 5, 6, 10, 11, 
12

1, 2, 3, 4, 5, 8, 10, 11, 
12, 17, 19

1, 2, 3, 4, 5, 10, 11, 
12 VI 

10 7 1, 4, 5, 6, 7, 10, 12, 14, 
15, 16, 18, 19 1, 4, 7, 8, 10, 17, 19 1, 4, 7, 10, 19 VI

11 10 1, 3, 5, 6, 7, 10, 12, 14, 
15, 16, 18, 19

1, 2, 3, 4, 7, 8, 9, 10, 11, 
12, 13, 16, 17, 18, 19

1, 3, 7, 10, 12, 16, 
18, 19 VI

12 11 1, 2, 3, 4, 5, 6, 10, 11, 
12, 14 2, 3, 4, 5, 8, 11, 12 2, 3, 4, 5, 11, 12 VII

13 19 1, 3, 4, 7, 10, 16, 18, 19 1, 2, 4, 7, 8, 9, 10, 16, 
17, 18, 19 1, 4, 7, 10, 16, 18, 19 VII

14 8 1, 3, 5, 7, 8, 10, 11, 12, 
14, 16, 18, 19 8 8 VIII

15 17 1, 3, 7, 10, 16, 17, 18, 
19 1, 2, 4, 9, 13, 16, 17 1, 16, 17 VIII

16 2 1, 2, 3, 4, 5, 6, 10, 11, 
12, 14, 16, 17, 18, 19

1, 2, 3, 4, 5, 6, 11, 12, 
14, 16

1, 2, 3, 4, 5, 6, 11, 
12, 14, 16 IX

17 4 1, 2, 3, 4, 7, 10, 11, 12, 
16, 17, 18, 19

1, 2, 3, 4, 7, 11, 12, 16, 
19

1, 2, 3, 4, 7, 11, 12, 
16, 19 IX

18 13 10, 12, 13, 14, 17 9, 13 13 IX

19 9 9, 10, 13, 14, 17, 19 9 9 X

Source: Authors’ compilation (2020)

An ISM formation
The iterations from I to X gives different levels at which 
these planning and design factors relate in the system of 
public transportation infrastructure project. The level of 
its criticality in influencing other factors in the system as 
given in Table 5 is presented from the bottom to the top in 
Figure 1. The ISM model shows the relationship that exists 
between factors influencing stakeholders’ perception about 
public transportation infrastructure. The levels are further 
grouped into three: the lower level, the intermediate level 
and the upper level. The factors at the lower level such as 
walking distance to transport facility, size of parking lot, 
road steepness, passengers waiting area, disabled/ aged 
people mobility facility, vehicle boarding time, vehicle 
parking and economic activities are very critical in planning 
and design of public transportation infrastructure for 
stakeholders’ acceptance. They are most critical because, 
they have influence on determination of other factors in 
model. The intermediate level factors like infrastructure 
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capacity, pavement marking, and road width also influence 
upper factors above them as shown with arrow direction in 
Figure 1. The upper level factors are mostly dependent on 
the lower factors. These factors are sight distance, traffic 
signals, vehicle turning radius, vehicle restriction, traffic 
signal, distance between parked vehicles, vehicle waiting 
time and shelter for passengers. The results and findings 
from the ISM model and structure are further discussed in 
section 5.

TABLE 8
LEVEL PARTITIONING FROM ITERATION I TO ITERATION X 

DISCUSSION OF FINDINGS

Public transportation infrastructure enhances public 
mobility for social and economic activities. The planning 
and design factors of public transportation infrastructure 
have influence on one another which builds into a system. 
From ISM model in Figure 1, the planning and design 
factors lower in the model influence those that are above 
them as demonstrated by the direction of arrows. This 
makes the factors at the bottom in the model very critical for 
improved stakeholders’ acceptance of public transportation 
infrastructure project or asset. 

Lower level planning and design factors
It is found from the ISM model that the walking distance to 
public transportation infrastructure is essential in locating 
a transportation infrastructure. The distance between a 
public transportation infrastructure and trip generation 
points should be as short as possible for quick access by 
stakeholders. Aside from the healthy stakeholders that 
can access public transportation infrastructure, the model 
shows that distance between trip generation point and 
the infrastructure contributes to accessibility by disabled/ 
aged people to access public transportation infrastructure. 
The provision of facilities such as ramp, hoist or elevator 
to support physically challenged people32. Boschmann 
and Brady33 further pointed out that distance from public 
transportation infrastructure can influence provision of 
support to disabled people for trip. However, there are 
also evidence of stakeholders non-acceptance of public 
transportation infrastructure project as the result of its 
close proximity to their residents as ‘not in my back yard’ 
due to environmental factors like noise and pollution34. It is 
also critical to note that road steepness influence the level 
of stakeholders’ perception about public transportation 
infrastructure for use. The grade of roadway normally 
affects the convenience in using the infrastructure. A road 
grade that is not more than 7% is more ideal for roadway 
and convenient for public transportation infrastructure 
usage and improved acceptance.

Another factor in the public transportation infrastructure 
planning and design that is critical for improved acceptance 
of the infrastructure is available economic activities. 
Such economic activities include shopping, businesses 
and public transport services. For a public transportation 
infrastructure to be accepted by stakeholders for use, there 
is expectation that such infrastructure is associated with 
activities that can improve livelihood and living standard 
of individual and households. This implies that public 

transportation infrastructure planning must incorporate 
providing shopping malls, business centers and jobs for 
stakeholders. The opportunity to generate income due to 
stakeholders demand usually draws people to carryout 
business activities around the infrastructure5. Other 
planning factors at the lower level of the ISM model are 
passengers waiting area. In every public transportation 
infrastructure that requires passengers to wait for vehicles 
to be boarded or wait for schedule time, there is need to 
have adequate space for intended number of passengers 
that might wait for continuation of trip35. The number of 
waiting passengers might be small that need small area 
for waiting passengers if the other factor, vehicle boarding 
time is scheduled for short time. The shorter vehicle 
boarding time mostly encourages people to use a public 
transportation infrastructure like the case of bus rapid 
transit (BRT) or intelligent transport system (ITS). The type 
of vehicle parking is a concern of stakeholders for efficient 
use of transport facility. A parallel parking for instance, can 
allow easy entry and exit of vehicles in a parking lot. At the 
lower level of planning and design factors, there are design 
factors that are very critical in the system and influence 
other planning and design factors above them.

The size of parking lot gives how the number of vehicles 
that can be parked in a parking lot. This can further affect 
the size of passengers waiting areas as waiting passengers 
also depend on the available vehicles to board them. 
Where there is no or small area for waiting passengers, the 
model indicate that the boarding time will be influenced by 
ensuring that passengers do not wait at public transport 
facility. In this way, the choice of vehicle parking type is 
made based on planned boarding time for vehicles such 
that the movement out of a parking. These planning and 
design factors at lower level of the ISM model influence the 
choice or determination of the factors that appear in the 
intermediate level.

Intermediate level planning and design 
factors
In the intermediate level of factors in ISM model of 
Figure 1, pavement marking is a planning factor in public 
transportation infrastructure project that guides users on 
the use of public transportation infrastructure to minimize 
conflict in mobility36. The pavement marking is further used 
to show the space within which a vehicle must park in a 
parking lot to allow reasonable space like minimum of 1.5m 
between them as a standard. It is also critical planning 
and design of public transportation infrastructure that 
infrastructure capacity is considered in decided for traffic 
signal. The public transportation infrastructure projects 
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or assets with high capacity require installation of traffic 
signals at intersections to ensure free flow of traffic37. It is 
also important that road widths of highways or driveways 
in public transportation infrastructure be designed to 
accommodate the designed capacity of the infrastructure 
to ensure that there is no congestion on the road as the 
result of inadequate number of lanes. Krishnamurthy and 
Thamizh38 however state that road width and design speed 
of highway are the determinant factors of transportation 
infrastructure capacity. The model indicates that road 
width is critical in design due to its influence on other 
design factors such as sight distance, vehicle turning radius 
and traffic signals. The design process with increasing road 
width provides more area for increased turning radius for 
improved effectiveness on drivers or operators on a roadway. 
It is also indicated that sight distance is influenced by the 
width of a road due to the fact that some roadways are 
built within side walls. Such walls serve as obstacle to 
long sight distance. Moreso, road width, sight distance 
and transportation infrastructure capacity as independent 
factors are evaluated in the entirety of the infrastructure 
system to assess the importance of traffic signals at an 
intersection

The upper level planning and  
design factors
The various planning and design factors at the upper level 
in the model are planning oriented. These factors do not 
influence the choice or characteristics of other factors but 
are influenced by other planning and design factors from the 
lower and intermediate levels. These public transportation 
infrastructure planning factors include vehicle restrictions, 
traffic signs, distance between parked vehicles, vehicle 
waiting time and shelter for waiting passengers. The need 
for these factors is determined which must be carefully 
planned or designed for effective service delivery of a public 
transportation infrastructure.

CONCLUSION AND FURTHER  
RESEARCH

Transportation infrastructure has been a critical platform 
which facilitates efficient and effective social and 
economic activities. Its provision further strengthens the 
transportation services of a nation. Therefore, transportation 
infrastructure projects are key contributors to national 
development and gross domestic product. It is however, 
found from the literature that transportation infrastructure 
projects delivery is influenced be some factors which cause 
success or failure. Some of those factors are available 
funds, accessibility, affordability of services, planning, 
design, stakeholders’ management, trust, transparency, 
cost, time and benefit-cost ratio. All these factors including 
stakeholders’ management are managed by stakeholders. 
The success of transportation projects delivery is found to 
be associated with stakeholders’ perception about it. The 
perception about transportation infrastructure projects 
have influence on stakeholders’ acceptance that may result 
to succeeded or failed projects. In order to improve on 
managing stakeholders and their perception, such factors 
which are planning and design related that influence their 
perception are identified from the literature.

The identified factors from the literature are used to 
design a questionnaire and stakeholders’ opinions on their 
perception is sought using stakeholders’ survey. In order 
to understand how the individual factors do influence the 
entire transportation project for stakeholders’ acceptance 
or non-acceptance, this study has used an ISM model to 
model the relationship between the factors. The modeled 
relationship shows that the location of transportation from 
residences and places of economic and social activities, the 
economic activities around the project, the transportation 
infrastructure capacity, the roadway grade and parking 
lot size have influence on other factors in the model. 
Therefore, their characteristics must be properly planned 
and designed due to their critical influence in transportation 
infrastructure project. It is also noted from the model that 
factors in the intermediate level like road width, vehicle 
turning radius, and pavement markings are critical for 
stakeholders’ acceptance.

Based on the results and findings, it is therefore 
recommended from the study that the lower level planning 
and design factors from the ISM model can be further tested 
for their influence in the relationship of planning and design 
factors. This will be done using different transportation 
infrastructure projects and in other contexts.
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