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Problem Statement
• Water is the arche (Thales of Miletus 624 BC-

546 BC).

• South Africa is a water scarce country that has 

its per capita water usage higher than the global 

average.

• Gauteng’s water supply (like a relay race) is a 

shared responsibility amongst multiple state- 

owned institutions.

• Each institution is individually responsible for its 

own Infrastructure Planning and Management.

• The research focuses on items 1-3 of the value 

chain.
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Problem Statement Cont…

• Research motivated by the need to achieve SDG 6: 

Clean Water & Sanitation and SDG 11: 

Sustainable Cities & Communities.

• Gauteng is a province hosting 25,5% of SA 

population, and 37% of GDP.

• Widespread water interruptions and restrictions in 

2014, 2015 and significant intermittent 

interruptions since then. 

• Assessment of the impact of Economic Migration, 

Climate Change, 4IR Technologies and  

Stakeholder Management is therefore required.



2. Conceptual Framework

Water Infrastructure 
Planning and Management 
is Multi-Stakeholder Asset 
Management  Research 
Project.

 It constitutes 2 of the 4 
stages of Asset 
Management Life Cycle and 
therefore this research is 
seen through the lense of 
ISO 55000  suite.



Conceptual Framework Cont…

CRITICAL SUCCESS FACTORS

• CSF1. Strategic Alignment

• CSF2. Systematic Infrastructure 
Life Cycle-Based  Approach

• CSF3. Risk-Based Decision 
Making

• CSF4. Value-Driven Approach

• CSF5. Evidence-Based Planning

• CSF6. Continuous Improvement



Research Methodology

RESEARCH OBJECTIVES
1. To assess the effectiveness of prevailing 

water infrastructure planning and 
management practices. 

2. To assess the effectiveness of stakeholder 
management in a multi-institutional water 
value chain.

3. To assess infrastructure resilience against 
climate change as well as inclusion and 
adaptability of 4IR Technologies in planning 
and management.

4. To propose recommendations to address the 
gaps that are identified.   

5. To recommend a novel integrated Water 
Infrastructure Planning and Management 
Framework. 

Systematic Literature Review (PRISMA)STEP 1

Development of Data Collection Tools
2a Survey Questionnaires, 
2b Qualitative Semi-Structured Interviews
2c DEMATEL Interviews and
2d Semi-Structured Validation Interviews)

STEP 2

Data CollectionSTEP 3

Data Analysis and ValidationSTEP 4

Discussion of Results, Recommendations and 
Conclusion STEP 5



Data Collection

• Mixed Research Methods were employed to 
get the best outcome.

• SLR outcome was used to design Survey 
Questions and Semi-Structured Interviews

• Survey Questionnaire resulted in 34 
responses.

• For qualitative data, 12 Industry Experts were 
interviewed.

• 3 DEMATEL group interviews were conducted, 
and finally,

• The proposed Novel Framework was validated 
by 10 Industry Experts.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Methods of Data Collection 

Primary Sources 
 

Secondary Sources 

Systematic Literature 
Review Journal Articles 

Qualitative Method 
Semi-Structured Interviews 

Mixed Method Triangulation 

Quantitative Method 
Questionnaire 

Ethical Clearance (UJ) 
Consent (Participants) 

DEMATEL Interviews 

Framework Validation 
Interviews 



Water Infrastructure Planning  

• Anticipation of increased water demand

• Infrastructure backlogs 

• Planning for both new and rehabilitation of existing infrastructure

• Effectiveness of Project Management

• Forward looking infrastructure planning

• Inclusion of lessons learned from infrastructure failures

• Internal consultation with Operations People



Water Infrastructure Management (Ops & Maint) 

• Adequacy of water infrastructure capacity to meet water demand.

• Adequate infrastructure redundancy for maintenance.

• Effectiveness of Operations and Maintenance strategies.

• Infrastructure failures investigated and results used for improvements and 

planning.



4IR Technologies   

• Smart City Designs.

• Circular Economy.

• Digitalisation.

• Smart Metering.

All in context of new Infrastructure Planning as well as technological retrofitting in 

existing infrastructure



Climate Change Impact

TYPES OF EVENTS

• Severe Droughts (2015 El Nino)

• Uncontrolled Fires (2025)

• Severe Rain Falls (Floods 2026)

AREAS OF FOCUS

• Climate Change Strategies

• Preparedness to Severe Floods, 

Drought and Fires

• Disaster Recovery Plans



Demographics of Participants
Survey Questionnaires



Demographics of Participants

Code 
name  Position/Role  Years of 

experience  
Highest academic  
qualification  

 
S1 Planning Manager 21+ National Diploma  

 
S2 Project Manager (11-20) M Eng Degree  

 
S3 Planning  Technician 21+ B Eng Degree  

U1 
Senior Manager: 
Assets 

 
(11-20) 

Masters Engineering 
Management (M Eng) 

U2 Senior Planning 
Engineer  

21+ Bachelors 
Engineering (B Eng) 

U3 General Manager 
Operations  

21+ BSc Building 
Construction, MBA 

U4 Executive Manager 21+ Master in  Project 
Management (MSc) 

M1 Head of Department: 
Municipal 
Infrastructure Services   

21+ Masters in 
Engineering (M Eng) 

M2 General Manager 
Infrastructure Planning 

15+ BSc Civil Engineering 

M3 Divisional Head: 
Water and Sanitation 

(11-20) BSc(Hons) Civil 
Engineering 

M4 Senior Manager (11-20) B Tech Degree  

M5 Planning Manager (11-20) B Eng Degree  
 

Semi-Structured and Validation Interviews DEMATEL  Interviews

Expert Organisation Position Qualification Experience

Group of Experts 1

1a Water Utility Executive Manager MSc 21+

1b Water Utility Senior Manager MSc (11-20)

1c Water Utility Maintenance Manager National Diploma (11-20)

Group of Experts 2

2a Source Water Planning Manager National Diploma 21+

2b Source Water Project Manager M Eng Degree (11-20)

2c Source Water Planning  Technician B Eng Degree 21+

Group of Experts 3

3a Municipality Senior Manager B Tech Degree (11-20)

3b Municipality Planning Manager B Eng Degree (11-20)



Summary of 
Results

• Forward 
looking 
Planning

• Project 
Management is 
challenge

• Infrastructure 
backlogs, 
causing 
ineffective 
maintenance.

Survey Results



Summary of Results

• Slow adaptation of 
4IR Technologies

• Poor (unsure) 
climate resilience 
strategies

Survey Results



• Cronbach’s Alpha measures the validity and 
reliability of the survey data 

• Good internal consistency is reflected by 
coefficient values of (0.7-1)

Variables Items Cronbach’s Alpha 

1. Effectiveness of 
Water Infrastructure Planning 

Questions 1–7 0.69 

2. Effectiveness of Infrastructure 
Management 

Questions 8–11 0.74 

3. Impact of External Factors (Climate Change) Questions 1–4 0.77 

4. Impact of External Factors (4IR) Questions 1–2 0.82 
 

Reliability and Validity of Results

Qualitative Data
Respondents were carefully selected 
to meet the set criteria of Purposive 
Sampling:

• Relevant engineering 
experience & qualifications

• Ensured credible interview 
results

Data credibility enhanced through:
• Triangulation with literature 
• In depth stakeholder 

interviews
• Practical validation via 

example-based reasoning in 
Decision-Making Trial and 
Evaluation Laboratory 
(DEMATEL)sessions𝛼𝛼 =

𝑛𝑛
𝑛𝑛 −  1 1 −

∑𝑆𝑆2 𝑋𝑋𝑖𝑖
𝑆𝑆2 𝑌𝑌  


		Variables

		Items

		Cronbach’s Alpha



		1. Effectiveness of

Water Infrastructure Planning

		Questions 1–7

		0.69



		2. Effectiveness of Infrastructure

Management

		Questions 8–11

		0.74



		3. Impact of External Factors (Climate Change)

		Questions 1–4

		0.77



		4. Impact of External Factors (4IR)

		Questions 1–2

		0.82









• Value driven approach is the most 
prominent and central Factor (CSF4).

• Strategic Alignment is the key Determinant 
Factor (CSF5).

• Life Cycle Based Approach is an 
Independent Factor.

• The other CSFs are Impact Factors.

DEMATEL Results



This is the Impact Relation Map.

• Shows Causal Relationships among 

CSFs.

• Threshold Alpha  0,5927 

• Thickness of arrows shows the 

intensity of the relationships.

• CSF 4 is central driver to Risk based 

Decision making (CSF3) and 

Evidence based Planning (CSF5) 

• Strategic Alignment (CSF1) 

however,  is seen to be lacking.

DEMATEL Results



Triangulation of Survey, DEMATEL and  Thematic Results
Planning and Management processes: 
Structured and sound, but weakened by Procurement 
delays. Poor execution, Infrastructure backlogs, Limited 
redundancy.

Systemic inefficiencies:
Upstream drivers  identified via DEMATEL, Low climate 
resilience & inadequate disaster strategies, Slow, 
fragmented adoption of 4IR technologies.

Stakeholder management:
Strong internal communication, Weak external 
engagement, especially in long-term planning Poor 
alignment between strategy and operations was further 
identified via DEMATEL.

Overall:
All three results show convergence except for 
effectiveness of planning which showed positive survey 
results but interviews revealed otherwise.
Structured practices exist but effectiveness reduced by

•Implementation gaps
•Fragmented technology integration
•Lack of systemic feedback loops → limits 
adaptability & long-term performance



Internal and External Stakeholders 

NAME AND TYPE OF STAKEHOLDER PRESUMED INTEREST

Department of Water and Sanitation (Ext) Policy development, Regulation and Shareholder

Municipalities (Ext) Client, Economic

Industries and Mines (Ext) Client, Economic

Suppliers and Service Providers (Ext) Economic

Executive Management (Int) Leadership

Operations (Int) Operations and Maintenance

Finance (Int) Financial Planning and Project Financing

Engineering (Int) Infrastructure Planning

Legal Compliance and SHEQ (Int) Legal and Environmental Compliance

Seen from the lens of the Bulk Water Utility given it’s critical centrality in the 
value chain.
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Novel Water Infrastructure Planning and Management Framework



Areas of Further Research 

Further research work involves :

 Inclusion of the wastewater and sanitation activities at municipal level, 

 Inclusion of the full Asset Management Life Cycle. 

 In-depth assessment of  stakeholders’ relationships using the social network 

analysis and 

 The assessment of the effectiveness of the framework when applied in Gauteng and 

in other similar environments. 



In line with the Research Objectives:

1. An assessment of  the effectiveness of prevailing infrastructure planning and management 
practices as well as  stakeholder management in a multi-institutional water value chain was 
conducted. 

2. The results have shown that there are some few areas of effectiveness as well as many  
areas of weakness. 

3. The assessment of infrastructure resilience against climate change as well as 
inclusion/adaptability of 4IR Technologies was conducted and found to be ineffective.

4. Recommendations were made to address the gaps that were identified, and most significant 
to this was the development of a Novel Integrated Water Infrastructure Planning and 
Management Framework.  

Conclusion
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