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SDG 9: INFRASTRUCTURE, INDUSTRY & INNOVATION

• 9.1: Resilient infrastructure

• Infrastructure as a foundation  

• 9.2: Inclusive and sustainable industrialization 

• encompasses the production and use of construction materials including sustainable sourcing, 

waste reduction, local content

• infrastructure fosters industrialization by creating sustainable, well-connected spaces for 

industries to operate

• 9.3: Innovation 

• transforms both infrastructure development and industry to improve productivity, reduce waste, 

and promote cost-effectiveness

• leads to advancements in materials, construction techniques, and technologies

• drives efficiency, productivity, and competitiveness in the manufacturing sector, leading to economic 

growth and job creation.



AFRICA’S INFRASTRUCTURE CHALLENGE
• Infrastructure underpins economic growth

• Facilitates trade, connecting markets, and enhancing productivity while creating jobs [7% of global 

employment (Alaloul et al., 2021); 11-13% of global GDP (Environment, 2017)] 

• Significant source of global carbon emissions - 40% to global energy use; 50% of process-related CO2 

emissions.

• The challenge

• Infrastructure deficit with an estimated annual funding requirement of $130-170 billion to achieve SDG 9.

• Construction projects frequently face significant time and cost overruns

• Industrialization and economic growth hindered by inadequate infrastructure

• with current policies, less than a quarter of the 450m new jobs needed in the next 20 years will be created 

[Africa Competitiveness Report, 2024]

• Innovation-Driven Infrastructure Development

• Africa's infrastructure challenges require innovative solutions to bridge the financing gap and enhance 

infrastructure resilience, efficiency, and sustainability

• Africa's innovation ecosystem has grown by 40% in the last 5 years, 30% of African startups focus on 

infrastructure-related solutions



gap: $68–$108b

NOTABLE AFRICAN PROJECT FAILURES

Project Name Location Description Issues Schedule Slip Cost  Slip

Kampala-Jinja Expressway Uganda
Major highway to improve connectivity between Kampala 

and Jinja.
Delays, financing issues, land acquisition problems. Estimated 2-3 years Estimated $500m+

Tazara Railway Upgrades Tanzania-Zambia Upgrade existing Tazara Railway to improve efficiency.
Poor management, funding shortfalls, operational 

challenges.
Estimated 1-2 years Estimated $200m+

Grand Renaissance Dam (GERD) Ethiopia Massive hydroelectric dam on the Blue Nile River. Technical delays, political disputes, funding issues. 6+ years $4b (initially $4.8b)

African Union Headquarters Ethiopia New headquarters for the African Union. Corruption concerns, quality control issues. 2 years $27m+ (initially $200m)

Mombasa-Nairobi Standard Gauge Railway 

(SGR)
Kenya Major railway connecting Mombasa and Nairobi.

Cost overruns, corruption allegations, economic viability 

issues.
1-2 years Approx.  $1.2b (initially $2.5b)

Cairo Metro Line 3 Extension Egypt Extension of Cairo's Metro Line 3. Construction delays, funding issues, technical challenges. Estimated 2 years Estimated $300 million+

Durban Point Waterfront Development South Africa Redevelopment project for Durban's waterfront. Legal disputes, poor planning, financial mismanagement. 3-5 years $1b (initially $500 million)

Kampala Industrial Park Uganda
Industrial Park intended to boost industrialization in 

Kampala.
Delays in infrastructure development, funding shortfalls. Estimated 2 years Estimated $200 million



PROJECT DELIVERY CHALLENGES

1

Skimping on the front-end 

definition

Lack of sound project economics 

7 Cost and schedule control 

2
Large project functional 

integration
8

Human capital constraints 

Resource shortfall

3
Lack of cohesive and trusted 

project information 
9

Increased legal and 

regulatory compliance

4
Risk identification/assessment and 

management of the process
10

Scope growth and claims 

management 

5
Global program delivery 

consistency 
11

Inefficiencies in construction 

and commissioning

6
Sub-contractor delivery

reliance and performance
12

Extended production ramp-

up time 
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Traditional Process Information Management Process

BENEFIT!

• Traditional Process Challenges

• Information silos between project phases

• Risk of information loss or misinterpretation 

during handover

• Inefficient knowledge transfer between 

teams

• Potential for rework and increased costs 

due to missing or incorrect information

• Benefits of IM Processes

• Improved collaboration and knowledge 

sharing

• Reduced rework and project delays

• Enhanced decision-making

• Efficient asset handover and management

• Cost savings and improved project 

outcomes

BENEFITS OF INOFRMATION MANAGEMENT PROCESS



Plans 

• Visualization

• Verification

• Analytics

• Simulation

Observations

• Continuous Survey

• Real-time performance (IoT)

Decisions

• 4D planning & scheduling updates

• Design updates

• Work Packages

Interventions

• Constructible design updates

• Construction execution

Physical Twin

construction & operation

Digital Twin

design, planning & control

Insights

Monitor

Physical Twin

construction & operation

Digital Twin

design, planning & control

INFRASTRUCTURE TECHNOLOGIES & INNOVATIONS

DIGITAL TWIN
[brings together all the various technologies (pillars)]

CONSTRUCTION 4.0



Continuous Survey

• Real-time performance (IoT)

Physical Twin

construction & operation

Digital Twin

design, planning & control

Insights

Observation

Physical Asset
Digital Twin

virtual representation of real-world entities and processes, which is synchronized at a specified frequency and fidelity 

[Digital Twin Consortium]

• representation enables a continuous, data-driven interaction between the physical and digital worlds. 

• purpose is to accelerate holistic understanding, optimize decision-making, and drive effective actions by using both 

real-time and historical data to represent current and past conditions, while simulating potential future outcomes

DIGITAL TWINNING



Operate

Design

2D 4D/5D/6D/7D

CAD

3D

Build
BIM

Digital Twin

Multi-Dimensional

Project

Scope

Information Scope

2D = Documents

3D = Models

4D = Schedule

5D = Cost

6D = Sustainability

7D = Facilities

Management

INFRASTRUCTURE PROJECT DELIVERY EVOLUTION



• Simulate logistics

• Progress tracking

• Status review

Construction

An iTwin spans the entire asset lifecycle. 

Users at all stages can make better 

informed decisions for better outcomes. 

• HSSE training

• Operator training

Operations

• Maintenance 

planning

• Shutdowns

• Verify before 

execution

• Remote inspection

• Leak detection

• Corrosion detection

• Site survey

• Reality Capture / 

3D Mesh

Planning

• Process Simulation

• Design Simulation

• Cost Simulation

• Pedestrian simulation

• Flood simulation

Analysis

• Stakeholder 

engagement

• Planning and 

visualization

• Quality review

• Change tracking

Design

DIGITAL TWIN 
ACROSS LIFECYCLE



AEC SECTOR SOFTWARE
Project Information Management



Deliverables
Management

Share

Project
Insights

Issues
Resolution

Field Data 
Management

Common Data Environment (CDE)
Centralized digital platform for managing project information

 Stores, accesses, and shares project data (models, drawings, 

documents)

 Enables real-time collaboration among project stakeholders

 Supports information exchange throughout the project lifecycle

Workflow
 Structured processes for information creation, sharing, and approval

Defines roles and responsibilities for information management

 Ensures data integrity and consistency

Optimizes information flow and decision-making

 Information Requirements –information needed at every stage of project 

lifecycle

Data Quality - accuracy, reliability, and completeness of project 

information

Security – protecting sensitive project data and preventing unauthorized 

access

 Interoperability – ensuring information can be exchanged seamlessly 

across different software applications and systems

ISO 19650: A FRAMEWORK FOR IM
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Zhaotong Converter Station

Southwest Electric Power Design Institute

Required Centralized Engineering Content Management 
Solution:
 Enhance regional power transmission 
 Reduce time searching for engineering documents
 Ability to share accurate project data from office to field

Comprehensive solution including: 
 Engineering Content Management
 Comprehensive Work-sharing
 Collaborative Design Review

 Reduced engineering design time by 25%
 Cut project delivery costs by 8%
 Reduced operating costs by 10%
 Increased the rate of return on investment by 5%

CHALLENGE

SOLUTION

BENEFITS



AEC SECTOR SOFTWARE EXAMPLES

Design & Engineering



Architecture

Structures

MEP

Management

Optional BIM workflow







AEC SECTOR SOFTWARE

CONSTRUCTION – 3D Printing , 4D Planning and Scheduling



Affordable Housing through 3D Printing – Industrialisation of Construction

• UJ Project led by Prof J Mahachi

• Goal: innovative technology that addresses:

 Time to construct houses;

 Cost of energy in production;

 Sustainability (Reduction in carbon emissions);

 Cost reduction;

 High quality of end-product

 Attraction of youngsters and women to the industry

• Fly ash beneficiation – Prof Onkonta

• Use fly ash from power plants



25

Construction 3D Printing - CAD 2 3D Model
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First 3D Printed House

in South Africa

Time to complete walls 

(Aggregated to an 

equivalent 8 hours). A 

wall takes approx. 45 

minutes to complete

Completed House



• 3D design models 

transformed into VR 

walkthroughs. 

• Designer and contractor able 

to experience designs in first 

person.

• Improved design engagement 

with operators & 

maintainers. 

• Great for stakeholder and 

public engagement.

MIXED REALITY
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N4 Montrose Interchange

SMEC South Africa

PROJECT FACTS
 Realignment and upgrade of 600m of existing N4-6y to facilitate 

new ramp positions.
 1800m of new directional ramps to facilitate free-flow movements 

in all directions.
 Widening existing 160m Crocodile River bridge from 2-5 lanes.
 Two new deck-stiffened arch bridges.
 100% reduction in stopped delay for vehicles..

SOLUTION
 Reality Modelling
 Visualization
 4D Planning

Working in a collaborative digital environment saved approximately 
2,500 hours and approx. 150,000 USD in design costs. 

CHALLENGE

SOLUTION

BENEFITS



AEC SECTOR SOFTWARE

CONSTRUCTION – Progress Monitoring





AEC SECTOR SOFTWARE
Operations & Maintenance
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OTHER SUCCESS STORIES



Imagine the Possibilities
What are your goals for improving 

operational efficiency and cost reduction?

Reduction in 

design costs and 

80% reduction in 

design time 

ↆ40%
Reduction in 

Pumping Energy 

Costs

ↆ20%

American Water, reduced operating costs by 

20% primarily through improved energy 

efficiency. 

Source: AWWA Ace Conference Presentation, Jian Yang 

Ph.D., P.E., and James Chelius P.E. American Water -

Corporate Engineering, Jun 11, 2019

Forecasts, alerts, and what-if scenario 

modeling lowered water supply interruptions 

by 22.9% at Águas do Porto.

ↆ22.9%

Reduction in 

Water Supply 

Interruptions

Creating a hydraulic model and reviewing 

innumerable scenarios saved DTK Hydronet

Solutions 40 percent in design costs and 80 

percent in design time at Bankura, West 

Bengal, India.
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Pareto front

Cost

Benefit

Manual Solution - £4.16M; Optimized Bentley Solution £2.14M

Problem

•50% water loss

•Poor service(frequent supply disruptions) 

Result

•36.74 % water loss

•~12.000.000m³ ~3 000 000 USD

• Improved service 

Solution

• Pump management

• New Pressure Reduction Valves (PRV) 

in critical points 

Next Steps

• Efficient Leakage Detection (Darwin 

Calibrator)

•Extending the modeling experience to the 

full East Sector

Sabesp, S.Paulo



TRAVEL DEMAND MODEL FOR WESTERN CAPE PROVINCE, 
RSA



CONCLUSION

1. Africa’s Infrastructure Challenge

 50% of Africa's population lacks access to reliable energy

 70% of Africa's rural population lacks access to all-season roads

 Africa's infrastructure spending as a percentage of GDP is lower than other developing regions

 Infrastructure deficit requires an annual funding of $130–$170 billion to achieve SDG 9.

2. The Role of Digitalization

 Digital transformation of the built environment = construction 4.0

 Construction 4.0 enhances project efficiency and resilience to reduce cost overruns and carbon emissions.

3. Actionable Steps for SDG 9

 Adopt digital technologies to improve project delivery and sustainability.

 Avoid “technology fallacy” and consider organizational and market factors.

4. Policy Recommendations

 Promote policies that encourage construction 4.0

 BIM mandate on projects above a minimum threshold
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