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Image Credit: Davey, adapted from Sam Rohn (22 February, 2016)

100 Billion Buildings 
in the World

of all types and sizes in the world. 

This number includes everything — 
from huts to high-rises. 

The vast majority of buildings are located in Asia and 

Africa
One Nine Elms Construction (Sep 24, 2022)
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The global building stock will exceed 

183 Billion
Square Meters in 2026
Navigant Research (26 April, 2018)

Let’s play a Freakonomics Game
The global number of cars is approximately 1.475 billion (2024). 
The global number of people is approximately 8.2 billion (2024).

22.9 billion cars + 8.5 Billion People
Enough to park every car on Earth 15 times over!
Almost 12 buildings per person!
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3% 
of earth surface

creating buildings + 
(mis)management

75%+ 
of climate and planetary resource problems
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2050

UN Convention to Combat Desertification
(27 October, 2020)

70% 
of the world population will live 

in urban settlements. 

Image Credit: Statista (2023)



7Urban Strategy, Circularity, & Regenerative Practice2026 | Department of Architecture

“We must prioritise upgrading the 
buildings we already have in order 
to avoid high embodied carbon 
emissions for decades to come.” 

— Emily Parish, The Climate Group (12 August 2022)

Yes, new buildings are more 
energy efficient, sure…but 

80% 
 of buildings that will be 

standing in 2050 globally 

have already been built. 

2050
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70% 
of the African building stock in 2040 

still has to be built

majority of this growth will be in cities

200% 
Additionally, hundreds of smaller African 

cities double in size every 20 years

UN Global Status Report for Buildings and Construction (2022); 
Vidal (2018) Google AI Open Buildings Dataset (2023)
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Current human-made world is not designed to decompose or regenerate.

Designed for Death

1. Annual construction waste is expected to reach 2.2 billion tons globally by 2025. (Transparency Market Research)
2. 23% of the national waste stream is estimated to be C&D waste. (BTS)
3. The U.S. generated over 600 million tons of construction-related waste in 2018. (EPA)
4. C&D waste generation in the U.S. increased by 342% from 1990 to 2018. (EPA)
5. Between 2005 and 2018, C&D waste levels grew more than 10x faster than from 1990 to 2005. (EPA)
6. C&D waste accounted for 30–40% of the total solid waste stream globally in 2022. (Science Direct)
7. As much as 30% of all building materials delivered to a typical construction site can end up as waste. (ScienceDirect)
8. Construction and demolition projects filled U.S. landfills with almost 145 million tons of waste in 2018. (EPA)
9. More than 75% of all construction waste from wood, drywall, asphalt shingles, bricks and clay tiles ends up in landfills. (EPA)

10. Concrete and asphalt concrete made up 85% of all U.S. C&D waste in 2018. (EPA)
11. C&D waste and municipal solid waste (MSW) went to landfills in nearly equal amounts in 2018, despite total C&D waste 

outnumbering MSW levels 2-to-1. (EPA)

https://www.transparencymarketresearch.com/construction-waste-market.html
https://www.bts.gov/archive/subject_areas/freight_transportation/faf/faf4/debris
https://www.epa.gov/smm/sustainable-management-construction-and-demolition-materials
https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/construction-and-demolition-debris-material
https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/construction-and-demolition-debris-material
https://www.sciencedirect.com/science/article/abs/pii/S0921344924000685
https://www.sciencedirect.com/science/article/pii/B9780123814753100154
https://www.epa.gov/smm/sustainable-management-construction-and-demolition-materials
https://www.epa.gov/sites/production/files/2021-01/documents/2018_ff_fact_sheet_dec_2020_fnl_508.pdf
https://www.epa.gov/sites/production/files/2021-01/documents/2018_ff_fact_sheet_dec_2020_fnl_508.pdf
https://www.epa.gov/sites/production/files/2021-01/documents/2018_ff_fact_sheet_dec_2020_fnl_508.pdf
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● 30–40% of the total solid waste stream globally in 2022 is construction and demolition waste 
Rodriguez-Morales, J., Burciaga-Diaz, O., Gomez-Zamorano, L.Y., and Escalante-Garcia, J.I. 2024.

● >75% of all construction waste (wood, drywall, asphalt shingles, bricks, clay tiles) go to landfills 
U.S. Environmental Protection Agency, 2020.

● 30% of all building materials delivered to a typical construction site end up as waste. 
Osmani, M. 2011.

● 23% of national waste streams are estimated to be C&D waste. 
Bureau of Transportation Statistics. 2016.

● Concrete + asphalt concrete made up 85% of all U.S. C&D waste in 2018.
U.S. Environmental Protection Agency (EPA). 2020. 

● C&D waste generation in the U.S. increased by 342% from 1990 to 2018.U.S. 
Environmental Protection Agency (EPA), 2016. 

● From 2005 to 2018, C&D waste levels grew more than 10x faster than from 1990 to 2005. 
Environmental Protection Agency (EPA), 2016. 

Designed for Death
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Annually, the world uses around 40 to 50 billion tons of 
sand, primarily for construction materials like concrete and 
asphalt. This rate is ten times higher than that of cement 
production, and it far exceeds the natural replenishment 
rate. 

Sand is the second-most exploited planetary resource 
after water. 

Image Credit: Adapted from Dr. JE vd Merwe (2023). Copyright.
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We are running out of sand We are running out of water



14Urban Strategy, Circularity, & Regenerative Practice2026 | Department of Architecture

Capgemini (2017), ‘The Digital Talent Gap. Are Companies Doing 
Enough?’; 
Speicher et al., (2019)  ‘Supporting Worker Success in the Age of 
Automation.’; 
Armstrong, Gilge, and Max, (2021) ‘No Turning Back. An Industry 
Ready to Transcend: 2021 Global Construction Survey.’
Adepoju, Aigbavboa, (2021) ‘Assessing Knowledge and Skills Gap 
for Construction 4.0 in a Developing Economy’.

Numbers of 
People 

Urbanizing

2100

2010
Numbers of 
large cities

(>1 Million, 90% 
in Africa/Asia)

Numbers of 
traditional jobs 

in the built 
environment 

Numbers of 
digital and 4IR 

talent to service 
the demand

?!

Many many sources

Circularity 
Theory & 
Practice

Industrial 
Transitions 
4IR => 6IR

The Context

Regenerative 
Design 

Theory & 
Practice

The Response
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Circular Built 
Environment
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Build it Trash itDestroy it

Image Credit: Adapted from Dr. JE vd Merwe (2023). Copyright.
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Mine it Build it Circulate it

Re-configure

Re-assemble

Zero 
Discards

Harvest it Cultivate it

Image Credit: Adapted from Dr. JE vd Merwe (2023). Copyright.
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Design for Circularity
1. D4 Circularity (10R's)  | Maximal in-use

2. D4 Disassembly | Maximal post-use

3. D4 Longevity | Maximal life-cycle

4. D4 Adaptability | Maximal multi-use

5. D4 Regenerative Impact | Beyond first-use

6. D4 Energy Recovery | Maximal capture & recovery

7. D4 Dematerialization | Optimal material use 

8. D4 Embodied Carbon Reduction |Minimum carbon cost/impact

9. D4 Cradle-to-Cradle | Continuous reuse in closed-loop system

10. D4 Decomposition | Materials safely break down to zero

10R’s

Source Waste

As much as possible to meet 
perceived demands

As little as possible to 
avoid penalties

As much as necessary to meet 
responsive demands

There is no such thing as 
waste
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Urban Strategy 
Level



20Urban Strategy, Circularity, & Regenerative Practice2026 | Department of Architecture



21Urban Strategy, Circularity, & Regenerative Practice2026 | Department of Architecture

Thriving African Future Cities 

Hatfield Digital Twin City 
a trans-disciplinary initiative

Architecture Civils Construction 
Economics Geography Quantity 

Surveying
Industry
Partners

TRANSDISCIPLINARY CLASSROOM
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Architec-
ture

Civils + 
Structural

Quantity 
Surveying Geography UP 

Facilities
Project 
Owners

Hatfield 
CID

Industry 
Partners

Creative 
Space Urban Strategy Studio

Netherlands

South Africa

Hatfield
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Doughnut 
Economics
(Kate Raworth)
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Department of Architecture (2022). Q1 Urban Strategy Studio
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Process
● Real-world Problems

● Real-world Stakeholders

● Co-create the solutions

● Local, International + 
Transdisciplinary 
Collaborations

● Digitial Twin mindset

Example
Urban Strategy Studio 2023 + 
University of Twente, Netherlands

Hatfield Waste Twin
with Mr Ivan Cardenas, masters

Urban Strategy Studio
HATFIELD DIGITAL TWIN CITY  LABORATORY
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LOW INCOME FOR HIGH AMOUNTS OF EMPLOYMENT HIGH INFRASTRUCTURE UNDERUTILIZED

CONSTRUCTION GROWING AT A HIGH RATE 

HIGH AMOUNT OF UNDERUTILIZED BUILDINGS 

LOW INCOME FOR BUILDING USE AND BUILDER

DUXBERRY STREET

FRANCIS BAARD STREET

STANZA BOPAPE STREET

PRETORIUS STREET

LOFTUS PARK 
DEVELOPMENT

LYNNWOOD 
ROAD 

DEVELOPMENT

HATFIELD 
BUSINESS 
DISTRICT 

DEVELOPMENT

ENGINEERING 4 
DEVELOPMENT

FUTURE AFRICA 
DEVELOPMENT

Fabi 
biocontrol 

centre 
DEVELOPMENTJA

N 
SH

OB
A 

DEVELOPMENT OVER TIME: New builds

2022
2023

2018-19
2020-21

2014-15
2016-17

2012-13

CSIR, 2012
Sibisi, 2023

taylor, 2023
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ABANDONED 
BUILDING

Survey data

50.9m3 Brick, brick pavers, brick rubble, 

129.9m3 Concrete cores, railway sleepers, rubble, 

40.3m3 Pallets, doors, windows, variety of 
planks, timber trusses, 

2.4m3 Variety of diameter upvc pipe, pvc 
plastic pipes, plastic waste

23.4m3 Roof sheeting, round bar, 
square tubing, aluminium window 
frames, steel frame

0.3m3 Floor tiles, toilets, hand wash 
basins, roof tiles, 

0.6m3 Whole sheets & broken pieces

1.5m3 Variety of diameters of Stone aggregate

53.1m3 Infill,  building sand & soil

INPUT MATERIAL PILE
BROKEN INFRASTRUCTURE

ACTIVE SITE
OUTPUT MATERIAL PILE

ABANDONED BUILDINGS
INACTIVE SITE

ENGINEERING 4 
WASTE

aCTIVE rETAIL 
rENOVATION

ABANDONED 
BUILDING

inactive SITE

ACTIVE SITE

ACTIVE SITE

INACTIVE SITE

ACTIVE SITE

ABANDONED 
BUILDING

INACTIVE 
SITE

ACTIVE 
SITE

INACTIVE SITE

BROKEN 
INFRASTRUCTURE 
AT PARK

APWC, 2020
Sibisi, 2023

taylor, 2023
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“waste, excluding hazardous waste, produced during the construction, alteration, repair or demolition of any structure, 
and includes rubble, earth, rock and wood displaced during that construction, alteration, repair or demolition.”

(Department of Environmental Affairs, 2012)

sand glassstone ceramicmetal plastictimberConcrete brick

50.1m3 0.6m31.5m3 0.3m323.4m3 2.4m340.3m3192.9m3 50.9m3

taylor, 2023
Govender, 2023

Minecraft, 2023
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Map HATFIELD SQUARE 

HATFIELD SHOPPING CENTRE 

RESTAURANT STRIP  

Focus area : burnett street for minecraft production 

Connection of restaurant strip and hatfield square to facilitate 
production line of material craft  

Biking lane 

“Rail’” for materials 

Intervention 

REUSE 

EBIT  

SKILLS TRAINING UP 
AND REUSE 

ENGINEERING 4 
MATERIAL TESTING 

Sand
FOR INFILL IN 

GROUND 

Metal
CARTS OR 

COMPOSITE 

Timber
PANELS AND 

DECKING 

Concrete
STRUCTURE 

Brick
STRUCTURE 

50.1m3 23.4m340.3m3192.9m3 50.9m3

MATERIAL INNOVATION  

govender, 2023
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Regenerative Purpose-Driven Projects

Hatfield Digital 
Twin City
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TRANSDISCIPLINARY TRAINING
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TRANSDISCIPLINARY TRAINING
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HATFIELD DIGITAL TWIN CITY - POINT CLOUD SCANNING (LiDAR)
Led by Dr. Davey & Prof. Steyn — Students in Architecture + Geoinformatics + Civil Engineering

ENGINEERING
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HATFIELD DIGITAL TWIN CITY - 3D POINT CLOUD SCANNING (LiDAR)
Led by Dr. Davey & Prof. Grabe — Students in Architecture + Geoinformatics + Civil Engineering
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UP DIGITAL TWIN GEOBIM DEVELOPMENT
Be patient! Work in progress...
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UP WATER TWIN PILOT 2021 (CARBON & ENERGY TO FOLLOW)
Be patient! Work in progress...

PERFORMANCE
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HERITAGE

HATFIELD DIGITAL TWIN CITY - HERITAGE ASSET DATASET
Led by Dr. Davey & Ms Helene Potgieter — Students in Architecture + Geoinformatics
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HATFIELD PREDICTIVE UTILITY 
CONSUMPTION APPLICATION
using AI, Machine Learning Models

Next 
Steps

• It works!!!!
• More data and application please!
• Maturity development

UP CHEMICAL ENGINEERING STUDENTS 2021
What systemic long-term urban improvements could we achieve with Digital Twin City Tech & Data?

AI & ML
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2 days, 15 students, 25 square km
We now know our urban waste landscape.
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Ivan Cardenas: Masters Thesis
Hatfield: Solid Waste Digital Twin, South Africa
University of Twente, Netherlands with University of Pretoria.

● Awarded 2nd place, 2023 Best Master Thesis on 
Geo-information Sciences of The Netherlands, 
Symposium 20 Years of Geo-Informatie Nederland. 
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https://docs.google.com/file/d/1gQxC-PeLDqKLaSUw3gA8G0Rk_5uFK96c/preview


53Urban Strategy, Circularity, & Regenerative Practice2026 | Department of Architecture



CASE I: BLIND BILLING IN A"BLACK BOX"
Visual Intelligence Engine
Transforming spatial data into a strategic 
management layer:

● Digital Hygiene: Intensive cleaning and 
normalization of legacy records.

● Information Ecosystem: Moving facilities 
knowledge from personal laptops to enterprise 
servers.

● Unification: Standardizing 724+ Building (and 
asset) IDs across all departments and campuses.

● Title Deed Digitization: Mapped to 724 
footprints to resolve billing leaks.

● Metering Digitization: Field workers capture 
real-time asset data on smartphones.

● Spatial Relational Overlays: Linking financial 
invoices to specific physical coordinates.

Location-based (GIS) 
field verification

Desktop studies on 
isolated reports

Strategic Success
Justified the entire DT 

project cost in 1 month



Valorization of Green Infrastructure Estate Activities
New meaning + direct integration with other UP estate 

activities.

CASE II: CARBON SEQUESTRATION TWIN

Managing Dynamic Biological Assets
After Digital Twin, managing natural assets as strategic infrastructure to minimize future 

liabilities:

● 665 Trees Mapped: Digital inventory of botanical value (Evergreen vs Deciduous)

● Physical Metrics: Canopy width (m) + Trunk girth (mm).

● Sequestration: Auto-generated carbon offset coefficients ( CO2 KG/year/ species)

● Seasonal Risk Mitigation: Targeted pruning + invasive species removal, identifying 

invasive species + damaged limbs before failure.

● Maintenance: Aligning irrigation + care schedules with real biological water 

requirements.

● Sustainability: Evidence-based carbon neutrality planning.

● Carbon Tax: Hard + dynamic evidence for Carbon Tax Deductions

UP Green Infrastructure  = 
Forested Estate

SQL DT = Automatic Kg/CO2/year 
Sequestration Math
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2022

2023

SCALING PARTICIPATION IN REGENERATIVE & INNOVATION PRACTICES

2024
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Building
Strategy Level



Future Value of Buildings?
What are we going to do with them?
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Circulate it!We have built it

Reuse it?

Disassembly it?

Deconstruct it?

Greenhouse One Greenhouse  None

Destroy it?!
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Architecture Structural 
Engineering

Construction 
Economics

Civil 
Engineering

Quantity 
Surveying

Industry
Partners

Others UP 
Facilities



62Urban Strategy, Circularity, & Regenerative Practice2026 | Department of Architecture

POSTGRAD RESEARCH 2023 BIM FOR CIRCULARITY & DE/RE-CONSTRUCTION
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Structural Condition Assessment
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Greenhouse 1 exploded CAD model – with 100% accuracy down to each nut & bolt.
                               From Construction to De-Construction - MECCANO 
                                                                                                   construction system 
   c                                                                                              analogy, dating from 1898

#5.2



Concrete 
Foundations

Concrete 
Surface Bed

Concrete Steps 
/ Ramp

Timber Purlins

Steel Portal 
Frame

Steel Air Frame

Masonry Walls
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Department of Civil 
Engineering

Department of 
Architecture

Tools Used

Schmidt Hammer

Measuring Tape

Our Eyes

Pick Axe

Shovel

Using new tools Determining structure Analysing elements

DATA COLLECTION

Site Visit- 05/05/2023

Condition Assessment

Steel Rod
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Preliminary structural & material assessment
(Abbott et al., 2007, pp. 352)

C
O

N
C

R
ET

E

ST
EE

L

M
A

SO
N

RY

TI
M

B
ER

Weighted 
Rating

Blanket 
Rating

Weighted 
Rating

Blanket 
Rating

Weighted 
Rating

Blanket 
Rating

Weighted 
Rating

Blanket 
Rating
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GREENHOUSE 1

GREENHOUSE 2

Project, Tools, and Models change. So too, do our roles. 
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Info&Schedules : Material types 
and qualities

Info&Schedules : Material types
And elevation component 

classification 

Info&Schedules : 
Material types

And elevation material 
classification on exterior and 

interior 

Model :Basic Block model Model :Model elevations to be 
detailed on exterior 

Model :Model elevations to be 
detailed on exterior and interior 

and LiDAR

LOD100 LOD200 LOD300

BIM 

MODEL  

Where are we in 
BIM INFO 

GATHERING

Creating Intelligence requires… Intelligence 
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Material Blanket Weighted

GH1 Steel 3.1 3.0

Concrete 2.9 3.1

Masonry 2.8 2.8

Timber 2.0 1.5

GH2 Steel 3.0 3.0

Concrete 2.7 2.4

Masonry 3.6 3.6

Timber 2.3 2.5

LOD100 LOD200 LOD300

Material Blanket Weighted

GH1 Steel 3.0 3.1

Concrete 3.0 3.5

Masonry 3.0 2.5

Timber 2.0 2.0

GH2 Steel 3.0 3.8

Concrete 3.0 2.8

Masonry 3.0 3.0

Timber 2.0 2.5

Material Blanket Weighted

GH1 Steel 3.2 3.1

Concrete 3.0 3.1

Masonry 2.5 2.7

Timber 2.0 2.0

GH2 Steel 4.2 3.9

Concrete 2.8 2.7

Masonry 3.2 3.0

Timber 2.0 2.0

Intelligence is a collective effort



71

Case Study Comparisons: kgCO2,e

Business as 
usual Decreasing Reuse

Case Study Comparisons: Cost

On average, it can be seen that increased reuse resulted in lower 
costs despite increased costs associated with deconstruction’s 
additional fuel and labor.Maggie

Divan

Stefan

Shannon

Nicola

STAKEHOLDER 
COMMUNICATION

LIDAR

PHOTOGRAMMETRY

PRINCIPAL AGENT

Helene

Jaryd 

Dr. Taiwo

Department of 
Architecture

Department of Civil 
EngineeringHPA Architects

Dr. 
Calayde

SITE ACCESS BEP INTRO

BCA

ELEMENTAL 
REPORTS

ASSESSMENT & 
SPECIFICATION FOR 

REPAIR

PHOTO SURVEYS

Christine 

BIM 
MANAGEMENT

REVIT MODELING

MATERIAL 
INVENTORY

Ilanke
ACC

Dr. Johann

Emma

LOD
 ANALYSIS 

Kayla
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Circularity is one of the drivers of 

Regenerative Purpose-Driven Cities

Laboratory 
for the 6IR
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4IR+ 5IR+5IR 6IR4IR
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National 
Land-use GIS Data

● Dep. Forests and 
Fisheries

● (Forests, commercial 
farming, wetlands, 
plantation forests, etc)

What other data can you find…
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Dataset 2

Potential of the Provincial Agricultural Systems

Circular Systems Agricultural Resource Translation 
Potential

Contextual Built 
Environment  Applications

GIS data
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An MBC extrusion material preparation (Elsacker, Peeters & De Laet 2022)

The growth process of various extrusion patterns 
(Elsacker, Peeters & De Laet 2022)

Various extrusion support methods (Elsacker, Peeters & De Laet 2022)

Additive Manufacturing with MBCs
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Inoculation Stage Growth Stage Extrusion Stage

Most commonly used:
Rye bran

Most commonly used substrates:
● Sawdust. Excellent structure and 

nutrient source
● Straw (Wheat, Barley, Oat, Rice). 

Lightweight and abundant
● Corn Stalks & Husks. High cellulose 

content; good binding properties
● Hemp Hurds. Naturally mold-resistant 

and strong
● Cotton Waste. Good for fine-textured 

composites
Research has shown that various substrates 
have influence on the material properties of the 
MBC, such as acoustic or thermal performance. 
Sawdust has the best mechanical performance

Most commonly used gelling agents:
● Agar. Most common; strong gel 

structure, biocompatible
● Gelatin. Readily available but 

sensitive to temperature
● Alginate. Biodegradable and highly 

adaptable
● Pectin. Plant-based alternative with 

good binding properties
● Xanthan Gum. High viscosity, 

improves printability composites
New research is promising on:

● Psyllium Husk
● Corn Starch

A 50/50 mixture of these has been 
demonstrated as the best for AM extrusion.
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Polylactic Acid Printing - current installations

MELLIFERA: THE DANCING BEE HIVES 
OF INNOVATION

CONIFERA: A 3D-PRINTED FOREST IN 
THE HEART OF MILAN

THE ROOF GARDENS LIFT: ELEVATING URBAN 
ELEGANCE

http://www.youtube.com/watch?v=Ee9Bv6dhaTg
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Polylactic Acid Printing - Facade design
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WATER HYACINTH CRAFT WATER HYACINTH CONSTRUCTION

WATER HYACINTH-CEMENT COMPOSITE for panels + bricks

WATER HYACINTH FIBRE BOARDS
WATER HYACINTH INSULATION

ADDITIVE MANUFACTURING OPPORTUNITY:
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DIT 2026 
(masters research)

200k tonnes/year
= absolute waste from 
the Cape wine industry

Translation for built 
environment application

-> transform “waste” for 
additive manufacturing 
(3d printing) for 
high-performance, 
context-based, 
bio-based facades
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If Africa is going to 
build the most cities of 

the future…

lets build them 
circular + regenerative
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Thank you!
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