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Problem Statement

1. RAW WATER
SUPPLY

Department of Water

and Sanitation

~

2. WATER
TREATMENT AND
BULK DISTRIBUTON

Water Utility

4. WASTE WATER
TREATMENT AND
EFFLUENT
DISCHARGE

Metropolitan

Municipalities

3. WATER
RETICULATION AND
SANITATION

Metropolitan

Municipalities

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.



Problem Statement cont...

Map of the Research Study Area Research Significance

it S VAR A * Research motivated by the need to achieve SDG 6:

T

Clean Water & Sanitation and SDG 11:
Sustainable Cities & Communities.

e 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

ssmasms ‘ interruptions since then.

M-ﬂml )

* Assessment of the impact of Economic Migration,
Climate Change, 4IR Technologies and

Stakeholder Management is therefore required.




2. Conceptual Framework

Asset Management
Life Cycle » Water Infrastructure

Planning and Management

STAGE 1: PLANNING STAGE 2: ACQUISITION is Multi-Stakeholder Asset
OBJECTIVE:  ACTIVITIES: OBJECTIVE: A[?Tf_'V'T'Ef’ d Management Research
blish - Identi ifi - Define costs an .
E:gijir:mgr??? _ ﬁ;r:gresg f:::;; gte eds requirgments‘ PrOJeCt.
- Define KPls. - Consider financial

impact fisk and gocls. - > [t constitutes 2 of the 4
stages of Asset
Management Life Cycle and

STAGE 4: DISPOSAL STAGE 3: OPERATION theref thi hoi

AND REPLACEMENT AND MAINTENANCE eretore this research 1S
seen through the lense of

OBJECTIVE:  ACTIVITIES: OBJECTIVE: ACTIVITIES:

Manage and - Facus oh maintenance. Handle asset - Assess value, future |SO 55000 SUite.

maintain assets ) )
- Monitor and improve
assets.

disposal strategically value, and costs.

- Consider effects o
service delivery:



Conceptual Framework cont...

THEMATIC
ANALYSIS CRITICAL SUCCESS FACTORS

* CSF1. Strategic Alignment
DEMATEL

Analysis e CSF2. Systematic Infrastructure

Life Cycle-Based Approach
STAKEHOL

DER

Analysis * CSF3. Risk-Based Decision

Making

 (CSF4. Value-Driven Approach
ISO 55000:
Manzzseer;c]ent * CSF5. Evidence-Based Planning
Principles

* CSF6. Continuous Improvement




Research Methodology

RESEARCH OBJECTIVES

To assess the effectiveness of prevailing
water infrastructure planning and
management practices.

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

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

To propose recommendations to address the
gaps that are identified.

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

Systematic Literature Review (PRISMA)

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

Data Collection

Data Analysis and Validation

Discussion of Results, Recommendations and
Conclusion



Data Collection

Methods of Data Collection

!

|

Secondary Sources

A 4

Primary Sources

\4

A4

Systematic Literature
Review Journal Articles

Consent (Participants)

v v
Qualitative Method Quantitative Method
Semi-Structured Interviews Questionnaire
DEMATEL Interviews

Framework Validation
Interviews

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.



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.



41R Technologies

 Smart City Designs.
e Circular Economy.
* Digitalisation.

* Smart Metering.

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

existing infrastructure



TYPES OF EVENTS E)  IMPACT OF SEVERE WEATHER

* Severe Droughts (2015 EL Nino) Do i oy - % DR T
bt R Y i R | - g W
; EASTERN CAPE  FREE STATE -’
* Uncontrolled Fires (2025) ® Agricultural disaster 8 Cold snap, power outages -
) (Gamtoos River Valley, Langkloof) ! :
* Severe Rain Falls (Floods 2026) : ) || = Modder River Basin overflow
Ggeberha streets submerged in water |
RS T i i 3 3 ';i' i
MPUMALANGA ‘ NORTH WEST
AREAS OF FOCUS " Over 50 houses damaged by storm = Khunotswane village flooded again
in Nkomazi 3 4
. _ = Over 200 houses damaged by hail |2 ;w:::zgsaemz?ed by windstorm
Climate Change Strategies in Mbuzine i b
Preparedness to Severe Floods, NOTHERN CAPE & WESTERN CAPE
# Flooding in Kuruman and surrounding ' u Death toll at 11
. areas B
Drought and Fires = Foot-and-mouth disease vaccination * Over 2,000 people displaced in Cape
N%V“Vumd Winelands
Disaster Recovery Plans i

YOUR VIEWS  |In Welkom, people are cooking with sewerage water - Pitso TR



Demographics of Participants

Survey Questionnaires
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Demographics of Participants

Semi-Structured and Validation Interviews

Code .. Years of Highest academic
Position/Role . . .

name experience | qualification

S1 Planning Manager 21+ National Diploma

S2 Project Manager (11-20) M Eng Degree

S3 Planning Technician 21+ B Eng Degree
Senior Manager: Masters Engineering

Ul Assets (11-20) Management (M Eng)

u2 Senior Planning| 21+ Bachelors
Engineer Engineering (B Eng)

us3 General Manager| 21+ BSc Building
Operations Construction, MBA

u4 Executive Manager 21+ Master in Project

Management (MSc)

M1 Head of Department:| 21+ Masters in
Municipal Engineering (M Eng)
Infrastructure Services

M2 General Manager| 15+ BSc Civil Engineering
Infrastructure Planning

M3 Divisional Head:| (11-20) BSc(Hons) Civil
Water and Sanitation Engineering

M4 Senior Manager (11-20) B Tech Degree

M5 Planning Manager (11-20) B Eng Degree

DEMATEL Interviews

m Organisation

Group of Experts 1

Experience

Water Utility Executive Manager MSc 21+

Water Utility Senior Manager MSc (11-20)

Water Utility Maintenance Manager National Diploma (11-20)
Group of Experts 2

Source Water Planning Manager National Diploma 21+

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

Source Water Planning Technician B Eng Degree 21+
Group of Experts 3

Municipality Senior Manager B Tech Degree (11-20)

Municipality Planning Manager B Eng Degree (11-20)



Survey Results

Anticipates increasing demand

Adequate capacity for demand

Summary of There are infrastructure backlogs [ | I
Results Project management is a challenge [ ] ] I Adequate capacity for maintenance |
Planning strategy looks ahead [ | ] Effective operations and maintenanace
Forward Planning for new and existing infrastructure L] I pemanagement E— .
looki ng Operations and maintenance staff included... [ [ Feedback from failure is used [ ] I
P[anning Feedback from failure isused ~ NNEINNNN N I

-80%-60%-40%-20% 0% 20% 40% 60% 80%
-40% -20% 0% 20% 40% 60% 80% 100%

« Project m Strongly Disagree  mDisagree  ®Neutral ~Agree = Strongly Agree mStrongly Disagree  mDisagree  ®Neutral ~ Agree  mStrongly Agree
Management is
challen ge Feedback from failures
50

Meeting demand
Operations and 40
Maintenance staff 3,

* |nfrastructure

backlogs, »0
. 2,
causing Failure feadback Infrastructure
ineffective New and rehabilitaion redundancy
maintenance.
Project management Planning strategy
Operations and

Maintenanse st R
— Source == Bulk water = = = Municipalities == Source B oter = = = Municipalities



Survey Results

Summary of Results

e Slow adaptation of
4IR Technologies

* Poor (unsure)
climate resilience
strategies

Planning for climate resilience

Resilient to floods
Resilient to droughts
Presence of disaster recovery plans

Sound net-zero plan

-60% -40% -20% 00% 20% 40% 60% 80%

m Strongly Disagree  mDisagree  mNeutral ®Agree mStrongly Agree

Resilience

strategies
4.0
3.5
3.0
Net-zero plan - — Extreme floods

Extreme

Recovery plans droughts

—— SOUrCe e Bulk water e e e Municipalities

Smart city designs
Circular economy
Digitilisation
Smart metering

-100% -80% -60% -40% -20%

0% 20% 40%

mHighly Inflexible mInflexible ®Neutral wAdaptable mHighly Adaptable

Smart metering

Digitalisation
e Bulk water

— S0UrCE

Circular economy

= = = Municipalities



* Cronbach’s Alpha measures the validity and Qualitative Data

reliability of the survey data Respondents were carefully selected

* Good internal consistency is reflected by to meet the set criteria of Purposive
coefficient values of (0.7-1) Sampling:

* Relevant engineering

. , experience & qualifications
Variables Items Cronbach’s Alpha . :
* Ensured credible interview

. results
1. Effectiveness of Questions 1-7 0.69

Water Infrastructure Planning

Data credibility enhanced through:
Questions 8-11 074 * Triangulation with literature
Management * |n depth stakeholder

. interviews
’ tions -4 0.77
3. Impact of External Factors (Climate Change) ~ Questions . Practical validation via

example-based reasoningin
Decision-Making Trial and
Evaluation Laboratory

g " (1 Y S(Xy) ) (DEMATEL)sessions

n —1 S2(Y)

2. Effectiveness of Infrastructure

4. Tmpact of External Factors (4IR) Questions -2~ (.82




		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








Relationship

DEMATEL Results

R-C

A
, 1,2000 - 1,2000
Q.11 E QI 1,0000 - 1,0000
Determinant E _Central /.
Factors E Factors 0!8000 | 0!8000
! CSF4 (Value-driven
n e - -
(o/ ( Mean ) — .a 0,6000 CSF.I(Strateglc approach) - 0,6000
! | alignment)
Q.III ] Q.IV — i
Independent E Impact EC_ qumo ./ 0!4000
Factors : Factors Q
; £ 02000 r 0,2000
—! :
Prominance E OIOCOO OIOCOO
. . 3 55000 60000 65000 ®7,0000\ 75000 80000 85000
* Value driven approach is the most « -0,2000 . —— ~0,2000
prominent and central Factor (CSF4). . ° (SF3 (Risk-based decisionmaking)
o . . ~0,4000 CSF2 (Lifecycle- - -0,4000
» Strategic Alignment is the key Determinant pased approach] CSF6 (Continuous
Factor (CSF5). -0,6000 impmvemem)r__ CSF5 (Evidence- - -0,6000
« Life Cycle Based Approach is an based planning)
-0,8000 - -0,8000
Independent Factor. Prominence (Ri+Ci)

* The other CSFs are Impact Factors.



DEMATEL Results

This is the Impact Relation Map.

Shows Causal Relationships among

CSFs.

* Threshold Alpha 0,5927

e 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.



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
e|mplementation gaps
eFragmented technology integration
eLack of systemic feedback loops -
adaptability & long-term performance

limits

Research
Question
1

Research

Question
2

Research
Question
3

\

*Key Themes/Constructs

+Effectivenass of existing Water
Infrastructure Flanning and
Management Processes.

+ Questions 1-11. Survey
CQuestions.

+Questions 1-3. Interview
Questions

*Key Themes/Constructs

«Evaluation of External Factors.

+ Questions 1-5 (Climate Change)
and

+Question 1-2 (4R ) Survey
Questions

+Questions 9-10. Interview
Questions

+Key Themes/Constructs

+Evaluation of Stakeholder
Management

+ Questions 1-3. Survey
Questions

+Questions 11-17. Interview
Cluestions

_/
~

_/
~

/

-

=

Guanﬁtaﬁve Qutput: |

\ to ineffective maintenance.

- Infrastructure backlogs, a result ineffective
planning.

- Lack of infrastructure redundancy, leading
to ineffective maintenance.

Qualitative Qutput:

- Planning is effective, however execution
of projects is ineffective.

- Lack of infrastructure redundancy, leading

J
((;uantitaﬁve Qutput: \

)

L technologies, (existing infrastructure). _/

- Ineffective Climate resilient infrastructure
and disaster management strategies

- Some pockets of excellence regarding 4IR
technologies.

Qualitative Output:

- Confims lack of climate resilience in
current and new infrastructure.

- Pockets of excellence regarding 4IR

( uantitative Output: \

\ stakeholders (Planning). )

-  Effective communication with intemal
stakeholders, but ineffective communication
with external stakeholders.

Qualitative Output:

- Effective communication with intemal
stakeholders.

-  Effective communication with external
stakeholders (Operations)

- Ineffective communication with extemal




Seen from the lens of the Bulk Water Utility given it’s critical centrality in the

value chain.
PRESUMED INTEREST

DT E g CI I AVEICIELEERIE L NS Policy development, Regulation and Shareholder

NAME AND TYPE OF STAKEHOLDER

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

Financial Planning and Project Financing

Engineering (Int) Infrastructure Planning

Legal Compliance and SHEQ (Int) Legal and Environmental Compliance



Impact

Stakeholder Dynamics

Keep informed
@ Municipalities Key players
Industries & Mines Executive Management
— 9
Finance l
DWS
®
Legal Compliance
Suppliers & Service Providers
Monitor

Influence

Keep satisfied




Novel Water Infrastructure Planning and Management Framework

A J

! | P

2. National Water Resources Catchment
Infrastructure Agency Mana.ngement
Limited (SANWRIA) Agencies (CMA)
===t

1
4. Metropolitan

L4 @ - Internal Plannin W 9 i Hori
. - . orizontal
{1 operations and = Internal Planning Operations and ‘={’ﬁ Process g Operations and %%- ::nternal Planning porizonta
Maintenance — Process Maintenance Maintenance ro::ess =
---------------------------------------------- ichusiorrof AR
_______________________________________________________ TEChr'IOIOgies and PR e
Climate Resilience

o Srokeholder Conmutan L R |

: . i Consultation . iConsultation i

Consultation Management : Management Consultatio i

H '.-‘--"--“. :.---m --------------- _', ..... ) <G gﬂ ............. -

Integrated Infrastructure
Discussions and Consolidation 2
Facilitated by Provincial DWS

5. Provincial Monitoring and

Evaluation Committee (PMEC)
Chaired by Provincial DWS




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.



Conclusion

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.

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

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

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.
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