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“...While all melts under our feet, we may well catch at any exqui-
site passion, or any contribution of  knowledge that seems by a 
lifted horizon to set the spirit free for a moment, or any stirring 
of  the senses, strange dyes, strange colours, and curious odours, or 

work of  the artist’s hands…” 
Walter Pater, 1973 (as paraphrased by Kostigen, 2008:205,206)

“We see clocks, artificial fountains, mills, and other similar ma-
chines which, though merely man-made, have nonetheless the 
power to move by themselves in several different ways…I do not 
recognise any difference between the machines made by craftsmen 

and the various bodies that nature alone composes.” 
Descartes, (as paraphrased by Capra, 1997:67)

“The ‘future’ is becoming normal... If  you want to be a good archi-
tect (today) you must now understand genetics, algorithms, CNC 
processes, mechatronics... Now I see algae - biology - is nearly into 

the field of  architecture, the mother of  generating things.”  
Lucy Bullivant, (2012 :online)
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Machinarium is an exploration of  industrial bio-
mechanical hybridity as part of  the 21st Century 
paradigm. 

The dissertation investigates the potential of  in-
dustry as urban catalyst - a mechanism with which 
to regenerate urban environments and re-integrate 
socio-ecological systems. 

In an attempt to redefine modern concepts of  waste 
and mitigate the flood of  pollution emanating from 
20th century industrialisation, the investigation is 
contextually based in an ‘urban wasteland’ - which 
is re-programmed as part of  a new industrial ecol-
ogy. The dissertation therefore blurs present-day dis-
tinctions between ‘social’, ‘productive’ and ‘natural’ 
space, while at the same time placing focus on the 
global cultural dependence on waste.

If  humankind is to survive the predicted crises of  
the our time, a 21st-century approach to design must 
shift the modern understanding of  architecture as 
‘machines for living in’ towards that of  architecture 
as living machines.

Machinarium alludes to new ways of  architectural 
place-making in a rapidly changing world.

A B S T R A C T

industrial ecology, regenerative design, 
bio-mechanical hybridity, 21st century 
industry, waste, textile production, 
Daspoort, Marabastad

k e y  w o r d s

Integrated organic textile production: 
a 21st century textile mill

Daspoort Sewage &
Waste Water Treatment, 
Staatsartillerie Rd, Daspoort.
(Historic Marabastad North)
 
GPS -25° 44’ 1.63”, +28° 10’ 29.46”

p r o g r a m m e
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Author’s manifesto.

Architecture is not building. 

It is true that there is architecture scattered across 
our cities, lining the streets and forming shelter 
and structure – but there is also architecture in 
novels and plays and paintings. There is architec-
ture in our memories, dreams, beliefs, philosophy 
and culture. It is woven into our stories as it is 

woven into the clothes we wear. 

Architecture existed in in the colossal machines of  
our industrial past, and informs the omnipresence 

of  our technological present. 

The suburbs are architecture, slums are archi-
tecture, but the landscapes surrounding them 
also contain architecture. We find architecture 
in mountains and rifts and gorges, in underwater 

caves and in mud-crusted swallow nests.

Architecture existed long before we did, and it 
may endure long after we are gone. Whether it is 
manufactured or natural, physical or intangible, 

Architecture is the narrative of  space.

Architecture is the experience of  reality.
Architecture is boundless and eternal.

Architecture is life.

(inspired by Jeff  Manaugh’s manifesto on architecture, 
author of  BLDG Blog.com)

Author, 2013
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1.1

1

I N T R O D U C T I O N
the  l iv ing machine 1

“ … the 21st century is an extraordinary time – a cen-
tury of  extremes. We can create much grander civilizations 
or we could trigger a new Dark Age. There are numerous 
ways we can steer future events so as to avoid the catastro-
phes that lurk in our path and to create opportunities for 
a better world. A revolutionary transition is ahead of  us 
… this could be humanity’s last century, or it could be the 
century in which civilization sets sail towards a far more 
spectacular future.”  The meaning of  the 21st century, 2006. 
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1.2

“ W o r k  s t o p s  a t  s u n s e t .  D a r k n e s s  f a l l s  o v e r  t h e  b u i l d i n g  s i t e .  T h e  s k y  i s 
f i l l e d  w i t h  s t a r s .  “ T h e r e  i s  t h e  b l u e p r i n t , ”  t h e y  s a y . ” 

I t a l o  C a l v i n o ,  I n v i s i b l e  C i t i e s

h e i d i  v a n  e e d e n

EBB&FLOW

Figure 1_1
Daspoort, looking north. The 
Daspoort Ridge is visible on the 
horizon, with digesters and pump 
house in the distance. (Author, 
2013)
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1.3

fossil fuels or the concept of  waste. Instead, 
our spatial environments must blur present-
day distinctions between ‘social’, ‘productive’ 
and ‘natural’ space so that the perceived sepa-
ration between humankind and the natural 
world may finally be dissolved. 

Buildings can no longer be “machines for liv-
ing in” (le Corbusier, date unknown). In order 
to create resilient cities which will be able to 
survive a changing global situation, architec-
ture requires a spatial paradigm shift towards 
the production of   hybrid environments. 

The future of  architecture lies in the design of  
living machines. 

The 21st century is an era of  predicted en-
vironmental cataclysms, as well as an age of  
bio-mechanical revolution. This is the age 
of  cumulative technological complexity: The 
roughly automated machineries of  the Indus-
trial Revolution have evolved to reach levels of  
complexity similar to that found in nature, in-
creasing the compatibility of  human technol-
ogy and natural systems (Kelly, 1994:7 (Frenay, 
2006:37).

Ironically, this means that the industrial culture 
which germinated the disconnect between man 
and the natural environment (and subsequently 
propagated myriad looming environmental cri-
ses), may also be the mechanism which recon-
nects. (Kelly, 1994:7),(Frenay, 2006:37). Natu-
ral logic is becoming an all-purpose metaphor 
for structuring human invention: from guiding 
digital communication to suggesting spatial 
programming. 

The new ‘bio-mechanical’ paradigm is starting 

to challenge fossil-fuel dependant environ-
ments, alter human-centric notions of  waste, 
and reduce modern separation from nature 
to align social activities with ecological sys-
tems in interconnected hybrid environments 
(Cole, 2012:3,)(Nugent, Packard et al. 2011: 
online),(El-Khoury, 2012:14). One of  the most 
pressing questions we face today is how the in-
dustrial forces that made the 21st century pos-
sible – both in technological advancement and 
ecological crises - will sit within this systemic, 
hybrid world now opening before us. 

Machinarium investigates the architectural po-
tential of  industrial bio-mechanical hybridity. 
The investigation redefines industry as an ur-
ban catalyst - a mechanism with which to re-
generate urban environments, re-integrate so-
cio-ecological systems and mitigate the flood 
of  pollution and waste emanating from 20th 
century industrialisation. If  humankind is to 
survive the predicted crises of  the 21st cen-
tury, our architecture may no longer depend on 

T H E  2 1 S T 
C E N T U R Y
t h e  l i v i n g  m a c h i n e

1.1

+ +
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1.4

The 21st century has been predicted to be 
an era of  environmental cataclysms (Folger, 
2013:40), as well as an age of  bio-mechanical 
revolution. How will the industrial forces that 
made the 21st century possible – both in tech-
nological advancement and ecological crises - 
exist within this systemic, hybrid world now 
opening before us? (Frenay, 2006:37)

Machinarium will explore the architectural po-
tential of  industrial bio-mechanical hybridity 
in an effort to regenerate urban environments, 
re-integrate socio-ecological systems and miti-
gate the flood of  pollution and waste resulting 
from 20th century industrialisation.

In an age of  exponential population growth, 
resource and spatial consumption and conse-
quent waste, another integral question in 21st 
century architectural discourse will be how the 
waste (and ‘wastelands’ which treat man-made 
effluent) may be redesigned as productive ur-
ban spaces and integrated socio-ecological en-
vironments.

P R O B L E M1.2
s t a t e m e n t

s u b - p r o b l e m

The 21st Century paradigm will increasingly 
create bio-mechanical hybrids in spatial form 
– architecture which embeds human spaces in 
the natural environment through systemic con-
nections, and also integrates different layers of  
social activity within a single productive struc-
ture. The dissertation combines four related 
architectural theories which address different 
aspects of  systemic logic, in order to generate 
a hybrid productive environment:

Regenerative design, which is the complete 
integration of  architecture with its natural 
environment, so that a systemic relationship 
of  exchange may be formed in which the liv-
ing conditions of  all organisms is improved 
(Nugent, Packard et al. 2011: online) (Cole, 
2012:3).

Hybrid Production, which aligns human indus-
trial production with the productive abilities 
of  natural resources and other organisms, so 
that biology may be integrated with industry 
(Kelly, 1994:155).

Industrial Ecology, a systemic approach to in-
dustrial production which establishes connec-
tions between different industries, or different 
phases of  a single industry, so that ‘waste’ may 
be transferred between industrial processes 
and re-used as a resource.

A P P R O A C H
1.3 t h e o r e t i c a l

+

+
 

 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



1.5

Programmatically, Machinarium explores the 
nature of  bio-mechanical industry in the 21st 
century, and how the New Industrial Revolu-
tion – that of  the living machine – will result 
in productive environments which are both en-
vironmentally and socially beneficial: an indus-
trial building as a Living Machine.

The Textile Industry is redeveloped as a 21st 
century hybrid productive environment. The 
proposed programme therefore restructures 
the traditional textile mill to actively reduce 
waste, water and energy consumption. The 
toxicity associated with conventional textile 
production is minimised by specifying the 
cultivation of  organic bast fibres and natural 
dyes, made from algae pigments. Alga is also re 
integrated with various phases of  textile pro-
duction to establish an industrial ecosystem 
within the program, forming the basis for dye 
production, alternative energy sources and wa-
ter purification.

P R O G R A M M E
1.4 p r o p o s e d+

+
+
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1.6

Context plays a vital role in sustaining a living 
system, as it provides the resources necessary 
for its operation and must therefore be direct-
ly related to the architectural programme. For 
the purpose of  this dissertation, a site had to 
be chosen which would provide the social and 
ecological aspects necessary to establish a tex-
tile mill as a systemic hybrid environment. In 
addition, the chosen site had to relate to waste 
or ‘wastelands’ a part of  its direct context, as 
the re-integration of  waste in human culture is 
a crucial aspect of  21st century architecture.

+ C O N T E X T
1.5 s i t e

Daspoort Sewage & Waste Water Treatment 
Plant was found to meet all the contextual re-
quirements:
Daspoort Sewage and Waste Water 
Treatment plant, 
Staatsartillerie Rd, Daspoort.
(Historic Marabastad North)
GPS -25° 44’ 1.63”, +28° 10’ 29.46”

The site is located to the north-west of  Preto-
ria CBD, on the confluence of  the Apies Riv-
er and Steenhovenspruit.  Bordering the site 
is the Apies River (to the north), the Steen-
hovenspruit (to the east), the Es’kia Mphahlele 
Causeway (to the west) and the urban township 
of  Marabastad (to the south).

s i t e  c h o i c e  &  l o c a t i o n
1 . 5 . 1

Figure 1_2
Daspoort,site & direct ur-
ban context (Author, 2013, 
adapted from UP Geographi-

cal data, 2009)
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1.7

1 . 5 . 2

As a direct urban context, Marabastad bor-
ders the chosen site to the south. The town-
ship, which stretched all the way to the Apies 
River before the construction of  the Daspoort 
Sewage Plant, is in desperate need of  regenera-
tion: Marabastad has been disconnected from 
its cultural heritage and urban identity (Grobb-
elaar, 2010:23), as well as the river and natural 
ecologies around which it originated.

An urban vision is proposed as part of  the dis-
sertation, in which Marabastad is re-imagined.  
The proposed textile mill becomes an urban 
catalyst which regenerates the forgotten socio-
cultural heritage of  Marabastad and reconnects 
the township to its surrounding natural envi-
ronment. The productive nature of  the Mill 
also establishes the Daspoort Sewage Plant as 
a productive environment and induces a pro-
ductive ethos in the larger Marabastad context.

u r b a n  l a n d s c a p e
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1.8

Figure 1_3
Aerial Photo taken before the con-
struction of the Belle Ombre train 
loop, showing the Daspoort Ridge, 
Daspoort Sewage Plant, and Mara-
bastad to its direct South. (UP Ar-
chive Material, 2013)
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1.9

The research questions that arise from the 
background theory and chosen context of  this 
dissertation are listed as follows:

•	 How	 will	 architecture	 align	 with	 the	
21st century paradigm of  the bio-mechanical 
hybridity – How may industrial architecture be 
expressed as a living machine?

•	 How	 may	 architecture	 transcend	 its	
own structural confines and be expressed in a 
larger systemic environment?

•	 How	may	21st	century	issues	of 	waste	
and resource depletion be mitigated through 
architectural intervention? 

•	 How	 may	 ‘wastelands’	 be	 integrated	
as socio-ecological spaces in urban environ-
ments?

Q U E S T I O N S
1.6 r e s e a r c h

g e n e r a l  q u e s t i o n s

•	 How	may	textile	production	be	recon-
figured as a non-polluting hybrid programme, 
so that ecological, social and productive sub-
programs are integrated in a single architec-
tural system? 

•	 How	can	 textile	production	be	 repro-
grammed as a sustainable industry despite 21st 
century vicissitudes?

•	 How	can	different	industrial	programs	
(e.g. waste treatment and textile production) 
be programmed to form a symbiotic architec-
tural relationship?

•	 How	can	‘wastelands’	such	as	Daspoort	
be integrated as part of  urban landscapes so 
that the increase of  waste in future may lead to 
increased productive environments?

•	 How	 may	 an	 industrial	 intervention	
such as a textile mill catalyse the larger sys-
temic regeneration of  a degraded social envi-
ronment such as Marabastad?

s p e c i f i c  q u e s t i o n s 
( c o n t e x t u a l / p r o g r a m m a t i c ) Primarily, the architectural problem addresses 

the shortcomings of  conventional architecture 
– e.g. architecture understood as a building in 
isolation. The architectural intervention fo-
cuses on the design of  architecture as a living 
system which addresses a greater context and 
attempts to integrate diverse programs to re-
solve multivalent contextual issues. The archi-
tecture is therefore expressed as an extension 
of  its contextual landscape, and integrates nat-
ural ecologies with industrial production and 
social environments.

Furthermore, the architectural problem ex-
plores how design may expose industrial 
‘wastelands’ and how waste may be harnessed 
as a potential resource. The architecture also 
encourages public understanding of  the value 
of  waste and wastelands. 

Lastly, the spatial experience of  industrial (tex-
tile-making) processes is expressed as place-
making mechanisms, so that industrial spaces 
may become places for people as well as pro-
duction.

A R C H I T E C T U R A L1.7
p r o b l e m

1 . 6 . 1

1 . 6 . 2
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1.10

C O N C E P T
1.8

t h e o r e t i c a l  c o n c e p t  & 
p h y s i c a l  m a n i f e s t a t i o n

The concept of  a ‘Building as a Living Ma-
chine’ is explored, both theoretically and ar-
chitecturally.
This relates both to the hybrid approach of  
bio-mechanical architectural expression, and to 
the design of  architecture as an extension of  a 
larger systemic landscape (which integrates in-
dustrial technology and production with social 
programmes and ecological qualities).

+
Figure 1_4

Site Noli: The wider urban vision is 
translated as a grey noli map, with 
the location of the chosen site in-
dicated by the black circle. (Author, 
2013)
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1.11

I N F O R M A N T S
1.9 d e s i g n

The concept of  ‘Architecture as a Living Ma-
chine’ is applied as an all-purpose metaphor 
throughout the dissertation: The inherent hy-
bridity in the statement dictates programmatic 
decisions, site choice, design decisions and re-
sulting technology. By integrating natural ecol-
ogy with industrial technology, architecture 
may begin to blur the perceived boundaries 
between man-made and natural environments.

As a subset of  the ‘living machine’ metaphor, 
the interconnected nature of  systemic envi-
ronments guides the making of  architectural 
space.  
Primary systemic informants include site-spe-
cific natural logic and extant environmental 
conditions, as well as the proposed integration 
of  industrial ecology with the architectural 
programme. 

The proposed urban vision and site explora-
tion re-imagines the existing contextual land-
scape and therefore forms an integral part of  
the architectural design. The vision addresses 
fragmented elements within the larger urban 
context, and structures Marabastad, Daspoort, 
and the Apies River green belt as part of  a 
larger, systemically integrated environment. 
The imagined social and urban energy result-
ing from the vision  will therefore guide pro-
grammatic and architectural decision-making. 

In addition to the proposed vision, the direct 
(existing) context is also a key architectural in-
formant. It is this context which guides pro-
grammatic decisions and the design of  the 
proposed urban vision, and despite urban re-
imagination, much of  the existing landscape 
endures.
As the Mill is intended to be an extension of  
its landscape, construction and materiality is a 
direct response to the extant context. Working 
at Daspoort, the existing landscape is saturated 
with industrial heritage and some remnants of  
Old Marabastad, which are integrated as con-
textual informants in the architectural design. 
A full heritage analysis of  existing structures 
is conducted to determine the architectural ap-
proach towards existing structures. 

1 . 9 . 1  c o n c e p t u a l  i n f o r m a n t s 1 . 9 . 2  s y s t e m i c  i n f o r m a n t s

1 . 9 . 3  u r b a n  v i s i o n

1 . 9 . 4  c o n t e x t u a l  i n f o r m a n t s

+

+

+
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I N T E N T I O N
1.10 d i s s e r t a t i o n •	Catalyse	the	urban	regeneration	of 	Marabastad	

through the introduction of  new industry: Create 
a textile mill which transcends production to be-
come an urban node, which encourages cultural 
expression, urban identity, economic growth, so-
cial cohesion, localised production and ecological 
well-being of  the greater urban context.

•	 Reconnect	Marabastad	 to	 its	 forgotten	 spatial	
origins by repopulating its lost urban landscape, 
reconnecting it to the Apies River, and celebrat-
ing the fragmented historical remnants of  the 
original township. 

•	Redefine	the	perception	of 	Daspoort	as	an	ur-
ban wasteland and the cultural bias towards waste 
in general by encouraging cultural understanding 
of  waste as a resource and ‘wastelands’ as useable 
urban space.

•	Challenge	the	conventional	textile	mill’s	pro-
grammatic and spatial arrangements by design-
ing a building as a living machine: programme 
industry as a place for human interaction & 
ecological benefit. 

•	Design	a	building	as	a	systemic	extension	of 	
the surrounding landscape, and integrate in-
dustry as a part of  that natural landscape.

•	Celebrate	 industrial	 ‘genius	 loci’:	 the	 spatial	
experience of  textile production as a place-
making mechanism.

•	 Integrate	Daspoort’s	 industrial	 heritage	 and	
Marabastad’s historical presence on site as part 
of  the new architectural intervention, so that 
the Mill may impose a new layer of  spatial nar-
rative on its contextual landscape.

•	 Re-examine	 architectural	 understanding	 in	
relation to the 21st century paradigm: Archi-
tecture is redefined as an integrated system, 
not merely a building. 

•	Attempt	to	establish	a	precedent	for	bio-me-
chanical hybridity in spatial terms: reconnect 
human spaces to natural ecologies.

•	 Challenge	 and	 redefine	 cultural	 perceptions	
of  waste and industry.

1 . 1 0 . 1  g e n e r a l  i n t e n t i o n 
&  t h e o r e t i c a l  a i m s

1 . 1 0 . 2  u r b a n  i n t e n t i o n 1 . 1 0 . 3  a r c h i t e c t u r a l  i n t e n t i o n

Figure 1_5
Tracing Narratives: white outlines show-
ing the Daspoort site today (left) and as 
it existed pre-1913 (right) (Author, 2013)
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Instead of  the current systems of  production which 
propagate increasing socio-ecological disconnect and 
pollution, 21st century Industrial Architecture has the 
potential to catalyse large-scale urban regeneration.

The dissertationre-examines Industry and Infrastruc-
ture in a 21st century context, where the inherent 
hybridity between nature and technology is encour-
aged in spatial expression. Industrial architecture is 
refocused towards localization and personalisation of  
production – an industrial demassification which re-
connects human environments to nature and its pro-
cesses. Architectural solutions are not focused on the 
design of  an isolated building, but on the creation of  
living systems. This approach encourages collabora-
tion between different industrial processes and social 
programmes  to resolve issues of  waste and industrial 
disconnect, and redefines 21st century industrial ar-
chitecture as ‘living machines.’

V I S I O N
1.11 d i s s e r t a t i o n

Figure 1_6
Imagining the Mill (author, 2013)
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The proposed urban vision will be accepted 
as the new urban landscape, and it is assumed 
that this urban vision has been implemented 
and that Daspoort is reconnected to Mara-
bastad, the train loop has therefore been re-
structured as a single-track system.  Daspoort 
Sewage Treatment has been relocated to the 
western part of  the site. In the urban vision, 
Daspoort transcends its current contextual 
programme as a sewage treatment facility and 
the site is activated by urban energy flowing 
from Marabastad.

P R E M I S E
1.12 d e s i g n

1.12.1 
urban re-imagination

1.12.2 
deliminations & limitations
1. For practical purposes, the  architec-
tural programme has been limited to bast fibre 
production from Kenaf, Flax and Hemp plants 
in combination with the production of  organic 
dyes. The limited space on site and increasing 
complexity when dealing with multiple fibre 
types has resulted in the necessary program-
matic restriction.

2. The Urban Vision has been limited 
to the original boundaries of  Marabastad (the 
ribbon between Steenhovenspruit and Skin-
ner Spruit, with the Apies River as northern 
boundary and Boom Street as southern edge) 
The study area is large enough to explore the 
impact of  architectural design on the greater 
Marabastad urban system, but small enough to 
encourage intimacy in design solutions.

3. By focusing on a regenerative ap-
proach, the thesis attempts to solve a large-
scale issue both systemically and holistically. 
The architectural design therefore crosses dis-
ciplinary boundaries and incorporates indus-
trial, social, ecological  and urban responses as 
part of  an architectural solution. Where pos-
sible, external expertise in these fields will be 
sourced, but the technical precision of  non-ar-
chitectural components is limited to educated 
guesswork and intuitive responses. 
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Figure 1_7
Limitations of urban focus 
& urban vision along the old 
borders of Marabastad  (Au-
thor, 2013)
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1.12.3 
assumptions

1. Decommissioning of  eastern sewage 
plant: Despite some of  the original 1913 in-
frastructure still being used, the system is out-
dated and highly ineffective. Much of  the older 
infrastructure has also been decommissioned, 
resulting in a landscape filled with abandoned 
industrial artefacts. More recent additions to 
the plant (located on the western periphery) 
are 5 times more effective, despite requiring 
less than half  as much space to function. (Els, 
2013: personal communication)  
Plans for future development of  the plant are 
underway, including the addition of  more ef-
fective water treatment processes and the po-
tential discontinuation of  the original eastern 
part of  the plant (Els, 2013: personal commu-
nication). Although the discontinuation of  the 
old processes is not an immediate or definite 
development strategy, its decommissioning 
will open up the eastern and central sections 
on the property, which includes unused indus-
trial infrastructure and invaluable expanses 
of  open land next to the river. Consequently, 
the dissertation proposes an urban framework 
which assumes the discontinuation of  the east-
ern section of  Daspoort Waste Water & Sew-
age Plant.
 

2. Arup Framework & closed train loop: 
According to the latest proposed governmen-
tal urban framework for Pretoria (as designed 
by Arup International Architects), Bel Om-
bre Train Station is slated for demolition. The 
framework proposes to close the existing train 
loop running to the station, replacing it with a 
single track system.
A new Governmental Precinct has been 
planned on the closed section of  the train 
track. (Arup, 2013:109-114) By replacing the 
train loop, the flotilla of  fenced-off  bureau-
cratic structures may soften the train track bar-
rier, yet may increase the physical disconnect 
between Marabastad and its surroundings/ori-
gins by introducing an additional architectur-
al barrier between Marabastad and the Apies 
River. 
Although planned, few governmental schemes 
are ever realised. (Arup, 2013:109-114) It is 
therefore assumed that the Arup framework 
will not be implemented and that Bel Ombre 
station will not be demolished. However, for 
the purpose of  reclaiming wasted urban space, 
the dissertation’s proposed urban vision will 
follow the assumption of  the Arup scheme by 
suggesting that the train loop is closed and that 

the trains will run on a single two-way track to 
and from Bel Ombre. These assumptions have 
been introduced as part of  the proposed Ur-
ban Vision. 
3. Flood line: The 50-year flood line is 
assumed to be as indicated on the Daspoort 
Site Plan documents; however, the buildings 
on site are approximately 130 years old and re-
main standing, and many subsequent architec-
tural and industrial interventions have been in-
troduced on site below the indicated position 
of  the flood line. It is therefore assumed that 
the flood line is not a crucial limitation when 
placing architecture on site, Flood mitigation 
and river reparation strategies have neverthe-
less been  integrated in the architectural de-
sign, according to governmental proposals for 
the Daspoort site (City of  Tshwane, 2009:on-
line), (SAHRA, 2012: online).
4. Sewage Waste: The Daspoort Sewage 
Works produces various forms of  waste efflu-
ent, including methane gas, bio-compost, ni-
trogen, phosphorous, steam and treated water. 
Much of  these resources are unused or dis-
carded as waste (Els, 2013: personal communi-
cation). As the  architectural intervention will 
include the Daspoort effluent as part of  its 
site-sourced resources, it is assumed that the 
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Sewage works treats waste effectively so that 
it is suitable for re-appropriation by the textile 
mill. 
5. Hydropower : Hydropower will be in-
tegrated as part of  the architectural design. 
The flow of  the Apies River has been esti-
mated through visual inspection and informed 
guesswork, but exact figures are unavailable. 
Consequently, industrial mechanisms are only 
roughly sized, but the assumption is made that 
the combination of   waterwheels , steam pow-
er and bio-power generated by digesters will be 
enough to power the Mill. With the prediction 
of  increased flooding of  the Apies River sys-
tem in future (as a result of  climate change), 
these waterwheels  may need re-design. 

Figure 1_8
2013 Arup Urban Scheme pro-
poses the closing of the Bel 
Ombre train loop. (Author, 
2013, adapted from Arup 2013)
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Preface
Chapter 1: Introduction
Chapter 2: Theoretical Exploration
Chapter 3: Programme
Chapter 4: Context & Background
Chapter 5: Contextual Vision
Chapter 6: Site Exploration
Chapter 7: Precedent
Chapter 8: Design Development
Chapter 9: Technical Development
Chapter 10: Conclusion
Appendix

O U T L I N E
1.13 c h a p t e r

(Author, 2013)
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w e l c o m e  t o  t h e  2 1 s t  c e n t u r y
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2.1

1

T H E O R E T I C A L 2
Chapter 2 explains the 21st century paradigm - first in 
terms of  the looming global ecological crises of  the age, 
then in terms of  the new technological revolution: that of  
the bio-mechanical hybrid. The evolution of  the architec-
tural discipline is suggested as a result of  the 21st century 
paradigm, and relevant bio-mechanical theories are ex-
plained, which are applied in the design of  the dissertation.

e x p l o r a t i o n s  o f  
2 1 s t  c e n t u r y  l i f e
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2.2

Figure 2_1
(above) World map with coun-
try sizes drawn proportionate 
to national CO2 emissions in 
2004. (SASI Group, 2008)

C O 2

It took the human species:
300,000 years to reach the first billion
130 years to add the second
30 years to add the third
15 years to add the fourth
12 years to add the fith and sixth billion

With a population estimate standing at 
< 7 billion in 2013, the global communi-
ty is expected to reach 9 billion by 2050.

Africa’s dryest and poorest regions are 
growing the fastest. 
(University of  Berkeley, 2013)
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This is Now.  

The 21st century is little more than a decade 
old, yet in the settling dust of  our Fordian  
past, the repercussions of  years of  Industri-
alisation  and its production/consumption 
culture are finally materialising. The predict-
ed crises of  our time are the direct result of  
an industrial past which spanned decades and 
was perpetuated without foresight or conse-
quence: Industrialisation has provoked expo-
nential population growth, which is resulting 
in widespread resource scarcity and pervasive 
pollution. In addition, global climate change 
is a foretold certainty of  the future (Smith, 
2012:312). (Frenay, 2006:287)(NATO, 2011: 
online) (Folger, 2013:40)

The earth recently welcomed its seven  bil-
lionth inhabitant,the population having dou-
bled during the past 50 years.  In future, hu-
man population has been projected to  grow 
even further,  reaching nine  billion by 2050 
(NATO, 2011: online) (Smith, 2012:312). In 
addition, much of  human technology is based 

T H E  W O R L D 
A S  W E  K N O W  I T
2 1 s t  c e n t u r y  c r i s e s
( m o r e  i s  l e s s )

on principles discovered during the course of  
20th century industrialisation. This has re-
sulted in the development of  a global culture 
which is predominantly dependant on fossil-
fuels: not only has oil been established as a 
necessity in transport and power systems, but 
the very aspects which define human culture – 
from the clothes on our backs to the design of  
our urban environments – are based on the fal-
lacy that oil will be abundant and readily avail-
able in future  (Leidreiter, 2012: online).   

Aside from the possibility of  complete re-
source depletion, the global addiction to fossil 
fuels has had vastly detrimental effects on the 
environment. One of  the direct consequences 
of  fossil fuel dependence is higher atmospher-
ic CO2 levels – the primary cause of  ‘Global 
Climate Change’ (Frenay, 2006:287). Although 
fuel depletion, carbon pollution and climate 
change should not be taken lightly, these are 
only the tip of  the (rapidly disappearing) ice-
berg. Growing human populations are also in-

tensifying the demand for resources and space: 
the need for agricultural produce will poten-
tially double in less than four decades, and it 
has been estimated that water consumption 
may increase with 30% by 2030. (NATO, 2011: 
online) The looming food crisis and increased 
product demands have  resulted in aggressive 
deforestation to clear land for farming.  (Ko-
stigen, 2008:44) In addition, farmers are over-
fertilizing fields in order to ensure higher crop 
yields,  after which superfluous fertilizer run-
off  ends up in the water system. Here, the ni-
trogen contained in the run-off  contaminates 
groundwater and encourages abnormal algae 
growth, resulting in widespread pollution of  
the global water system. (Charles, 2013:98) 

Expanding populations and increased resource 
consumption is also increasing the amount of  
waste produced. Consequently, the infrastruc-
tural requirements and space needed for waste 
processing is also increasing. This means that 
in future, human environments (which are al-
ready struggling to support the spatial needs 
of  urbanites), will require even more dedicated 
space for landfills and waste water treatment. 
In other words, valuable green space and po-
tentially potable water will be used for the 
treatment of  manufactured waste – unwanted 
substances which would not even exist had hu-
man culture not removed man from his natural 
environment. (Capra, 2009:290.291)

The concept of  waste is a human invention 
and biological anomaly: In nature, ‘waste’ does 

2.1
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2.4

Figure 2_2
(above) World map with estimat-
ed population growth by 2050.  
(Smith, 2010)

Figure 2_3
(right) Global population growth 
- from 500 million in 1500 to a 
predicted 9 billion in 2050. (Uni-
versity of Berkeley, 2013)

Populat ion
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2.5

Figure 2_4 Figure 2_5 Figure 2_6

not exist, and nothing is thrown away because 
there is no ‘away’.  (Kelly, 1994:157) Natural 
ecosystems transfer matter between organisms 
in a closed loop – where the cyclical transfer 
of  waste from one organism becomes the food 
of  another (Capra, 2009:290.291). Contrast-
ingly, modern human culture has removed man 
from this natural, closed-loop system towards 
a culture of  linearity. Modern culture has es-
tablished the belief  that waste materials are 
tainted and unusable – despite being a rich re-
source of  potentially salvageable, non-renewa-
ble matter (Kostigen, 2008:138, 199).

Human biological waste suffers a similar fate. 
Every day, billions of  litres of  (potable) wa-

ter are flushed into sewage systems. As global 
fresh water supplies are decreasing with ex-
panding populations and climate change, at-
tempts are being made to recycle waste water 
back into potable water (Kostigen, 2008:185). 
However, despite efforts being made to recov-
er waste water in the human waste treatment 
process, the other half  of  this malodorous unit 
is completely discarded. What is lost is a valu-
able source of  nutrients, including phosphate 
and nitrogen, (two main ingredients of  ferti-
lizer). Human biological waste may therefore 
be a viable organic alternative to the invasive 
nitrogen-rich synthetic fertilizers which are 
currently in use (Charles, 2013:110). Biological 
waste (Hereafter termed ‘Bio-waste) is also a 

lavish source of  methane gas, a highly flamma-
ble substance which forms naturally during de-
composition (Kostigen, 2008:131). Bio-waste 
itself  is also flammable, and ‘bio-fuel’  has 
therefore increasingly been suggested as a vi-
able alternative to replace oil as global energy 
source (Kostigen, 2008:109).

The human waste-system contains yet another 
untapped resource. The water recovered dur-
ing the waste treatment process is enriched 
with the same nitrogen and phosphate parti-
cles found in human waste.  Accordingly, fer-
tilizer run-off  and human sewage have similar 
effects on water: in  both cases, surplus nutri-
ents infiltrate the water system and encourage 
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abnormal algae growth’  (Kostigen, 2008:68). 
As mentioned, algae, (which grows in almost 
any condition and multiplies exponentially 
when exposed to nitrogen), may have devastat-
ing environmental effects. However, the very 
qualities which make it dangerous also make  it 
highly useful. 

Like other plants, algae uses  photosynthe-
sis to transform carbon dioxide and sunlight 
into energy. It does this so effectively that it 
may double its weight several times a day. This 
also means that it may generate up to 15 times  
more oil per volume than any other plant used 
for biofuel production (University of  Virginia, 
2008: online). Its ability to live in virtually any 

form of  water means that it is able to grow on 
land which is unfit for food-related cultivation. 
(University of  Virginia, 2008: online) Algae 
can also be used to capture fertilizerrun-off  
from farming activity before it contaminates 
natural water bodies. When subsequently har-
vested, the algae may be used as a fertilizer 
itself. (Olgae, 2013: online)Most importantly, 
it has been suggested that algae grows even 
better when exposed to higher levels of  car-
bon dioxide , and organic waste material like 
sewage (two of  the main waste concerns for 
future generations). (University of  Virginia, 
2008: online) 

Algae also contains significant potential as an 

ingredient in industrial production.  Promis-
ing applications for the organism include food 
and animal feed (as it is an abundant source of  
vitamins and minerals), medicine and cosmet-
ics (as it has anti-oxidising properties) and dye 
production and colorization (as algae occurs 
in a wide range of  colours and is  a potential 
non-toxic alternative to synthetic dyestuffs) 
(Wiles, 2013: online). Although much of  its 
potential applications are still unexplored and 
unimplemented, the unwanted green sludge in 
polluted water could produce biofuel and be-
come an integral crop species for production 
industries, while reducing air and water pollu-
tion at the same time. (University of  Virginia, 
2008: online)

Figure 2_7 water pollution: Sewage Outfall Figure 2_8 water pollution: sewage Figure 2_9 water pollution: eutrophication
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Figure 2_10

current forest cover

original forest cover

(black circles indicate main 
rainforests - costa rica, ivory 
coast, southeast asia and bor-
neo) (WWf, 2011) deforestat ion
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0       no stress

0.1    low stress

0.2    mild stress

0.4   high stress

0.8   very high stress

Figure 2_11

water stress indicator: 
withdrawal-to-availability 
ratio (CR) (Given, 2012)

Figure 2_12
(Bague, 2009)
Sub-saharan 
water usage

industrial
domestic
agricultural

H2O
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The 21st century is an age where fossil fuel, 
crop- and water shortages are a predicted re-
ality, yet in a world desperately searching for 
alternative solutions, there may be nothing 
greener than pond scum, and the very resourc-
es we are running out of  may be found in our 
own waste and excrement.

It is becoming increasingly clear that the ma-
jor problems of  our time cannot be under-
stood in isolation. They are systemic prob-
lems, which mean that (like their solutions) 
they are interconnected, and interdependent 
(Capra, 1997:3). However, when faced with 
apocalyptic predictions and impending global 
issues, the interconnectivity  of  organic logic 
is rarely acknowledged. Humanity has replaced 
its understanding of  the world as a living, in-

terconnected system with that of  the world as 
a linear machine (Capra, 1997:19). This break 
between the natural world and modern culture 
resulted from the incompatibility of  nature 
(which is a mess of  complex, non-linear sys-
tems) and (modern) human technology, (which 
stems from industrial machine methods and is 
therefore based on abstracted linear processes) 
(Frenay, 2006:37)(Capra, 1997:291). 

Nevertheless, the curves of  incremental popu-
lation growth and ensuing resource consump-
tion will eventually reach a confluence, and no 
amount of  perceived separation from nature 
will exclude humankind from the reactions of  
a global ecological system.  We are still inex-
tricably part of  the natural world. (Lovelock, 
2009:20, 21) Shortages are looming. The ques-
tion is not if, but when  resources will run out.  

Life as we know it will change, whether we 
plan for it or not.  

The 21st century is the era of  more people, 
which will result in less space, less food, fewer 
resources, less biodiversity, less natural habi-
tat, less life, but more waste. The question 
to ask and to answer will be how to turn that 
waste into useful and necessary part of  human 
culture.

“A genuinely degraded climate doesn’t mean that the sky is falling.  It 
doesn’t mean Armageddon, or utter annihilation, or anything half  so 
romantic…it means smoke and heat and damp, clinging filth.  All our 
cultural circumstances will become different then. Everything we know 
and cherish about life will suddenly become antiquated.”

Bruce Sterling
Viridian Introduction, 1998
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then now

Figure 2_13 Flooding Figure 2_13 Flooding

Figure 2_15 Water Shortage Figure 2_15 Water Shortage

Figure 2_17  Deforestation Figure 2_17  Deforestation

Figure 2_14 Global Warming Figure 2_14 Global Warming

Figure 2_16 Drought Figure 2_16 Drought

Figure 2_18 Superstorms Figure 2_18 Superstorms
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In recent years, there have been various attempts 
to create awareness and reduce human impact on 
the environment. These efforts are collectively 
known as the ‘Sustainability’ movement (Mclaugh-
lin, 2009:2). Sustainability  places ecological, eco-
nomic, and environmental concerns on an equal 
scale, and is typified by a shift towards greener 
technologies and products (including organic 
food and clothing and alternative energy sources 
such as solar panels and wind turbines) (Nugent, 
Packard et al. 2011: online) (Mclaughlin, 2009:2).

In architecture, sustainable design has begun to 
shift the design paradigm towards the ecologi-
cal. By establishing green building standards and 
rating systems, Sustainability intends to create 
buildings that generate limited carbon output and 
respond well to the environment (Cole, 2012:1). 
However, despite these efforts, the current ap-
proach to sustainability still addresses the build-
ing as an isolated object, focusing largely on the 
application of  green technologies to physical 
built form. (e.g. solar panels, green roofs, evapo-
rative cooling systems) 

Lovelock (2009:59) states:
“It is not enough to genuflect with small 
green gestures; nor to put windmills and 
solar panels on the roof  to supplement the 
electricity supply; nor to hold meetings be-
fore that great religious symbol of  spin, the 
giant white turbine, and sing hymns about 
the salvation of  the planet.” 

Although Sustainable efforts may reduce some 
of  the ecological impact, Sustainability is not 
enough.  The term ‘sustainable’ expresses the 
most fundamental question humanity is cur-
rently faced with: “Can we count on this to last?” 
A fleeting abundance is by no means enduring 
success, and the fact remains that the industrial 
approach which has doubled global human popu-
lation in less than 50 years, is faltering.  (Frenay, 
2006:204). 

Human survival lies not in Sustainability, but in 
Resilience.  Whereas Sustainability attempts to 
(unsuccessfully) control environmental changes 

and suppress spatial flux, a Resilient approach 
abandons control, allowing the emergent proper-
ties of  natural systems to govern themselves. (El-
Khoury, 2012:13) Change is an inevitable part of  
life, and the suppression of  unwarranted change 
misconstrues permanence as a dominant expec-
tation in human culture (El-Khoury, 2012:13). 
Sustainability approaches change as an external 
condition which must be prevented. Oppositely, 
Resilience accepts change as natural and inevita-
ble, and prepares for possible variations to ensure 
continued survival. 

In other words, Sustainability will fail because it 
sees human environments as separate from nature 
and the inevitability of  changing environmental 
conditions. To be truly green, is to rid ourselves 
of  the illusion that we are separate from the nat-
ural world in any way. (Lovelock, 2009:148) As 
long as discarded human products are seen as 
‘waste’, and man is seen as separate from nature, 
global crises will continue to prevail and increase.

S U S T A I N A B I L I T Y  
I S  N OT
S A LV AT I O N

2.2
Figure 2_19 Figure 2_20
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2.12

This is the future.

And  it is the Age of  the Machine: The 21st 
century is little more than a decade old, yet 
the repercussions of  years of  Industrialisation 
and its production culture are finally materi-
alising. The roughly automated machineries 
of  the 20th century have evolved to reach a 
point of  digital complexity, and computerized 
mechanisms are a ubiquitous part of  daily life. 
(Kelly, 1994:150) As a result, technology is 
used to perform even most basic human ac-
tions – influencing everything from produc-
tion  to the way in which we communicate. 
(Capra, 1997:68)

One of  the most significant impacts of  the 
Machine Age is that the feigned distinction 
between man and his natural environment is 
dissolving. 21st Century machines are evolv-
ing to reach levels of  complexity similar to 
that found in nature, increasing the compat-
ibility of  human technology and natural sys-
tems. (Frenay, 2006:37) Ironically, this means 
that the technologically-driven culture which 
distanced man from nature in the first place, 
may also be the mechanism which reconnects 

A M A L G A M AT E D 
C O M P L E X I T Y
b i o - m e c h a n i c a l  h y b r i d

him to it. The 21st-century machine era is in-
fluencing a return to nature – not a superficial 
obsession with pastoral representation, but a 
comprehensive understanding and integration 
of  natural ‘logic’ in human design and technol-
ogy:   This is the age of  ecological complexity 
- where a heightened understanding of  both 
machines and biology could revolutionize the 
way in which life is understood and defined. 
(Frenay, 2006:22) 

“Nature is (no longer) a place we visit or a fo-
cus of  concern, but a system, a philosophy, a 
guide for our thinking and solutions in an in-
creasingly complex world.” (Frenay, 2006:xxiv)

By amalgamating natural logic and mechanistic 
technology, the perceived boundaries between 
human culture and the natural world are start-
ing to blur. (Kelly, 1994:7) A revolutionary new 
phase of  human culture and design is coming 
about, germinated by the union of  biology and 
machine: The 21st century is the era of  the 
bio-mechanical hybrid.

The new hybridity has had two distinct, mir-
rored conclusions. (Frenay, 2006:5)
The first hybrid notion is that human-made 
things are behaving progressively more life-
like. This includes artificial intelligence in ro-
botics, but also alludes to the hive mentality 
of  modern computer systems. Machines have 
shifted from existing as linear, human-de-
pendent objects to the complex, autonomous, 
super-organisms of  modern technology.  (Kel-
ly,1994:7)   

The second notion of  hybridity is that biology 
is consciously crafted.   Today, it is possible 
to manipulate the genetics of  living organisms 
and to engineer the structure of  ‘natural’ envi-
ronments and even entire ecosystems. (Frenay, 
2006:5) Meat is grown in petri dishes, goat’s 
milk contains spider silk, clouds are seeded to 
change weather patterns and unwanted species 
are eradicated by controlling the numbers of  
their predators or food sources.

 “The apparent veil between the organic 
and the manufactured has crumpled to re-
veal that the two really are, and have al-
ways been, of  one being….” (Kelly,1994:7)   

2.3
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2.13

“There are now in the world machines that 
think, that learn and that create. Moreover, 
their ability to do these things is going to in-
crease rapidly until – in the visible future – the 
range of  problems they can handle will be co-
extensive with the range to which the human 
mind has been applied.” 
(Simon & Newell, 1976: 138)

Figure 2_21 Autonomous Robot Mule

Figure 2_22 Gene Splicing & Cloning Figure 2_23 Agricultural 
Manipulation

Figure 2_24 Genetics & bioengineering Figure 2_25 Biorobotics

Figure 2_26 Biomimicry
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The 21st century is the age of  the living ma-
chine.

In the era of  manufactured nature, biome-
chanica l hybridity has started to permeate 
numerous aspects of  human culture: Today, 
genetically modified crops bear higher yields 
in extreme climates, human organs are grown 
to replace failing ones, and the simulated hive 
logic of  the internet makes communication 
and information faster and more accessible 
than ever before. (Kelly, 1994:159)

As biomechanical logic begins to infiltrate hu-
man culture and technology, spatial environ-
ments are becoming hybridized. In this spa-
tial shift, architecture is more closely aligned 
with the networked dynamics of  living systems 
(El-Khoury, 2012:14) (Cole, 2012:3)(Nugent, 

THE L IV ING 
MAC HINE

d o  a n d r o i d s  d r e a m  o f  
e l e c t r i c  s h e e p ?

“What the next century will really ush-
er in is hyper-biology: Synthetic Mice. 
Computer Viruses. Engineered Genes. 
Industrial Ecology. Supervised Evolu-
tion. Artificial Life… (In future) we 
will design computers that not only as-
sist the study of  nature, but are natural 
themselves.” 
(Kelly, 1994:159)

Packard et al., 2011: online). The bio-mechan-
ical shift in architectural thinking manifests in 
different scales: from the development of  new 
composite ‘smart’ materials which have the 
ability to respond autonomously to external 
micro-stimuli, to the restructuring of  human 
environments using natural logic (including 
biomimicry and biophilia), to the macro-for-
mation of  larger systemic networks between 
people, objects, spaces, and landscapes (El-
Khoury, 2012:14). By integrating natural logic 
in architectural design, a building transcends 
its own structural confines and becomes a con-
nected part of  the larger, living world. Bio-me-
chanical architecture therefore aims to emulate 
natural logic, embedding built environments in 
an intricate ‘web of  interactions’ whose emer-
gent properties attain the resiliency of  natural 
ecologies (El-Khoury, 2012:14).

2.4
Figure 2_27 Algae-Powered Building Figure 2_28 Grown Balustrade
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Architecture has the advantage of  spatiality: 
where biomechanical hybridity in other fields 
is focused largely on integrating natural logic 
with techno-centric solutions, architecture is 
able to permeate the physical environment, al-
leviating some of  the environmental damage 
caused by past human activities, or even re-
generating broken social structures (Nugent, 
Packard et al. 2011: online). By restructuring 
human environments around the new biome-
chanical paradigm, new cultural practices may 
be ingrained as part of  everyday life, and the 
prevalent ecological ignorance may be allevi-
ated. 

The new paradigm must challenge our fossil-
fuel dependant environments by exploring al-
ternative spatial constructs or by embedding 
alternative energy sources in architecture (Nu-
gent, Packard et al. 2011: online). The new par-
adigm must challenge human-centric notions 

of  waste – how we perceive the products we 
discard, and what is done with them. 

The new paradigm must regenerate lost and 
damaged natural environments, and align hu-
man activities with nature to form a single, 
connected living system (Cole, 2012:3)(Nu-
gent, Packard et al. 2011: online). 

A living architectural system must also be a 
productive system – with predicted population 
growth and resource depletion, space can no 
longer be mono-functional. In a future where 
open space will be a rare commodity, produc-
tive buildings should be integrated with the 
public realm, so that the disconnect between 
production, consumption and resulting waste 
may be alleviated. By understanding the com-
plexity of  mechanistic production – where 
countless different parts are combined to form 

a single, integrated machine – architectural 
space may be programmed in a similar way, so 
that functional programmes may be integrated 
with other human activities such as cultural ex-
pression, trade, recreation, and education.

The 21st Century paradigm will increasingly 
result in the design of  spatial biomechanical 
hybrids– architecture which integrates differ-
ent layers of  social and productive (human) 
activity with natural environments to form 
regenerative, living systems. The future of  ar-
chitecture extends beyond buildings and struc-
tures - the future of  architecture lies in the 
creation “living machines.” 

Figure 2_29 Wetland Sewage Treatment Figure 2_30 Vegetative Facades Figure 2_31 Self-repairing Protocell Structures
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Regenerative Design attempts to  establish a 
mutually beneficial relationship between man 
and his natural surroundings in order to sus-
tain life. (Nugent, Packard et al. 2011: online) 
This design approach surpasses Sustainability 
in that it does not simply recommend green 
technologies to sustain current living condi-
tions (of  humans), but integrates architecture 
with its systemic environment to improve liv-
ing conditions of  all aspects on site, (including 
that of  humans and other biological mecha-
nisms). (Nugent, Packard et al. 2011: online) 
(Leidreiter, 2012: online) By obtaining the re-
sources necessary for operation from its direct 
environment, and generating energy, regenera-
tive architecture replenishes the resources it 
consumes without producing waste  (Board-
man, 2010:55), (Nugent, Packard et al. 2011: 
online). Regenerative Architecture integrates 
with its ‘place’ – with the greater social and 
cultural systems present in its contextual mi-
lieu – and actively reverses ecological damage 
brought about by past human activity while 
providing ecological habitat as part of  its ar-

chitectural design. By connecting diverse con-
textual elements - including site, water, minerals, 
materials, energy, microbes, plants, animals, so-
cial systems and cultural practices – Regenerative 
Architecture embeds built fabric and human en-
vironments as part of  a greater, simulated living 
system.   (Cole, 2012:3)

Ultimately, the focus of  Regenerative Architec-
ture is not only on the design of  a single building, 
but on the design of  a comprehensive systemic 
environment, and the way in which a building 
contributes to, and integrates with that system.  
In future, a building will no longer be an object 
in the landscape, but become an extension of  the 
landscape itself.

R E G E N E R AT I V E 
A R C H I T E C T U R E

a p p l i e d  t h e o r y ,  p a r t  I
2.5.1

n a t u r a l 
h a b i t a t

h u m a n
s p a c e

r e g e n e r a t i v e
d e s i g n

Figure 2_32 
Regenerative Design (author, 2013)
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Hybrid Production integrates human activity with the 
activities of  other organisms by using the inherent 
productive abilities of  nature in industrial processes 
(Kelly, 1994:155).

Consequently, hybrid production establishes an al-
ternative organic industrial model, which blurs the 
spatial boundaries between human habitats and the 
surrounding natural world. Where regenerative ar-
chitecture is a generalised term which may be applied 
to various architectural programmes, hybrid produc-
tion is programme or activity-specific. The aim is not 
necessarily to encourage the well-being of  the natural 
organism in the system, but to harness the specific 
productive qualities of  nature for industrial gain. This 
may include the generation of  power, water filtration, 
ground nutrient fixation or the creation of  new organ-
ism-based materials.

Hybrid production is not exploitative or destructive 
of  the natural organism used, as well-being of  the liv-
ing organisms increases the productivity of  the indus-

trial system. The creation of  an  ideal natural habitat is 
therefore an integral architectural aim when establishing 
a productive hybrid industry. 

By combining industrial processes with natural organ-
isms, a whole spectrum  of  Hybrid Production industries 
are materialising – from marshland sewage treatment 
plants  (which incorporate microbes to digest waste) 
(Kelly, 1994:155)(Todd, 2013: online) to digester-based 
power supplies (which incorporate microbial digestion 
to break down organic matter and produce energy) to 
self-healing microbial-based structures and buildings 
which grow algae to produce electricity  (Lofgren, 2013: 
online).

H Y B R I D 
P R O D U C T I O N

a p p l i e d  t h e o r y ,  p a r t I I
2.5.2

n a t u r a l 
o r g a n i s m

h u m a n
i n d u s t r y

h y b r i d 
p r o d u c t i o n

Figure 2_33 
Hybrid Production (author, 2013)
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In addition to instilling physical organic elements 
in industrial production (as with hybrid produc-
tion), natural logic is starting to influence indus-
trial activity. This has been termed “Industrial 
Ecology.”

Like the networks in nature (which are glaringly 
obvious, but nonetheless often ignored), industrial 
ecology is about finding possible connections – 
symbiosis – in production processes or industries 
(Frenay, 2006:36). By identifying ‘niches’ – wasted 
matter, or spare energy , industrial activities may 
be connected in such a way that nothing is wasted 
and everything is used (Frenay, 2006:6). The steam 
escaping from those turbines become a valuable 
source of  heat; polluted water provides the nutri-
ents necessary for new plant growth, and the de-
caying matter from industrial waste has the poten-
tial to generate energy.

Industrial ecology is the realisation that all efflu-
ents (‘waste’) is potentially a lucrative product, and 
like the dung beetles, fungus and algae  of  this 
world, somehow, somewhere it may be a crucial 
element in a mechanical food chain.  

“In industrial ecosystems, the waste from one fac-
tory serves as the raw material for another, just as 
in nature the waste from one organism is food for 
another.” (Frenay, 2006:6)

In architectural terms, Industrial Ecology is the de-
sign of  connections – a systemic approach to archi-
tecture which juxtaposes seemingly contradicting 
programs or building functions in order establish a 
spatial relationship of  exchange:  the waste of  one 
industry is the very energy or ingredient another 
needs; the heat emitted from a furnace may be redi-
rected to heat a building, or the waste water from an 
industrial activity may become useable sanitary water, 
or even  habitat for plant and animal species. 

When diverse, seemingly contradictory spatial func-
tions are integrated, or human spaces are integrated 
with the habitats of  other organisms, the resulting 
architectural collaboration becomes an  active sys-
tem of  exchange – and architecture, which was once 
termed a machine for living in, now becomes a living 
machine. 

I N D U S T R I A L 
E C O L O G Y

a p p l i e d  t h e o r y ,  p a r t I I I
2.5.3
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n a t u r a l  e c o s y s t e m i n d u s t r i a l  e c o l o g y 

Figure 2_34 
(author, 2013)

Figure 2_35 
(author, 2013)
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Although very few truly systemic, regenerative, 
buildings have been realised, crucial design 
considerations include:

1. Site choice.
Site selection has a significant impact on all 
subsequent building and system design choic-
es, as the integration with ‘place’ – with the 
greater social and cultural structures present 
in an area, as well existent natural systems 
(e.g. hydrology/ecology/geology) - is a funda-
mental aspect of  systemic architecture (Cole, 
2012:3). Site aspects to consider include ex-
isting water systems, the possibility of  energy 
production and waste treatment, and the po-
tential for agricultural cultivation and habitat 
exchange (Nugent, Packard et al. 2011: online). 
In some cases, the architecture may aid in the 
rehabilitation of  damaged environments by re-
plenishing depleted resources. For this reason, 
brownfield sites and previously developed sites 
are ideal choices for architectural intervention. 

Building on these sites also limits urban sprawl 
(Nugent, Packard et al. 2011: online).

2. Programme
The Programme is directly related to site choice 
(or vice versa). No organism can live outside 
its intended environment – fish will not sur-
vive in the desert; elephants would drown in 
the sea – and so a living building requires spe-
cific resources to ensure the survival of  a spe-
cific program. However, no living building can 
exist as mono-functional programme, but must 
integrate multiple and diverse spatial functions 
in a seamless, dynamic environment. With pre-
dicted population growth and resource deple-
tion, space will be a rare commodity. There-
fore, living architectural systems must be 
productive systems, as well as social environ-
ments. Ideally, living architecture will integrate 
natural ecologies and functional programmatic 
use with social activities such as cultural ex-
pression, trade, recreation  and education. This 

would enable a building to not only regener-
ate its natural environment, but encourage the 
holistic regeneration of  degenerated cultural 
landscapes and social conditions.

3. Materiality
Moore (2001:134) states that a technology 
is best understood, not through history, but 
through geography.  For a building to by truly 
autonomous, all materials and energy should 
be sourced from its direct environment, or 
manufactured using resources found on site.  A 
regenerative building also actively replaces the 
matter it consumes, and attempts to replenish 
resources on sites which have been depleted by 
human activity   (Boardman, 2010:55).

4. Waste
In living architecture, the concept of  ‘waste’ 
should no longer exist: a building should func-
tion as a closed-loop systemic environment, 
in which the waste from one part or process 
in the building is treated, processed, and re-
used in another part, similar to the waste-
to-food principles found in nature (Capra, 
2009:290.291). The architecture of  a regenera-
tive hybrid building would therefore encour-
age systemic connections in which waste is 
transferred between different spaces and used 
to generate heat or energy, or is fed to other 
organisms as surplus nutrients.

A R C H I T E C T I N G 
L I V I N G  M A C H I N E S

2.6
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5. Energy
The production of  energy can no longer be 
reliant on fossil fuels, but must largely be ob-
tained through renewable sources  generated 
on site.  Accordingly, energy is directly related 
to the building’s physical environment. Renew-
able energy sources include photovoltaic cells 
(on sites with excess solar gain), wind turbines 
(where high or consistent winds are preva-
lent), or water-energy (on sites with proxim-
ity to flowing rivers or wave movement.) More 
recently, bio-power has gained attention as a 
renewable energy source, with the conversion 
of  organic waste (e.g. plant and animal matter) 
into methane gas and heat, and successively, 
energy (Nugent, Packard et al. 2011: online).

6. Socio-cultural
An intrinsic part of  living systems is the way in 
which a specific community integrates with the 
architecture, as well as its natural environment. 
Moore (2001:134) states that “Social spaces are 
produced by technology acting upon nature…
and each society produces its own peculiar 
type of  space.”

It can therefore be argued that the natural en-
vironment, the technology (or architecture), 
and the society which uses these spaces, are all 
influenced by, and dependent on one another. 

The environment guides architectural deci-
sions towards the formation of  a building, and 
influences program me, materiality and energy. 
In turn, the architecture forms a co-dependent 
relationship with its users – whose cultural 
practices and social structures are also a direct 
result of  the environment they inhabit (Moore, 
2001:134). Living architecture, as an extension 
of  the environment in which it is built, may 
therefore influence socio-cultural practices in 
the same way that the environment does. This 
gives a building to potential to catalyse large- 
scale social regeneration and influence existing 
cultural practices.

Living architecture is not only concerned with 
environmental issues or physical spatial condi-
tions, but also addresses the intangible aspects 
of  ‘place’. Such an architectural environment 
transcends physical needs to embody social 
meaning, cultural heritage and spatial memory 
as part of  its place-making agenda. This archi-
tectural approach therefore forms a continu-
ous spatial dialogue with a site and its people, 
which extends layers of  socio-environmental 
cross-influence over time and continues to 
write new chapters in the contextual story of  
place.  

(author, 2013)

Figure 2_35
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A green world: oceanic 
algae blooms as a re-
sult of increased water 
nutrients and rising 
temperature.  (National 
Geographic, 2005)
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As technological machines infiltrate every aspect 
of  human culture, our understanding and defi-
nition of  architectural space needs to adapt. In 
future, buildings will need to accommodate the 
heightened comprehension and integration of  
nature and its processes,  as well as the necessary 
cultural adjustments which humanity will have to 
make in order to avoid (or survive) the predicted 
catastrophes of  our age. 

How will human environments adapt to accom-
modate the age of  mechanised biology? How will 
space  respond and adapt to a new cultural era? 
How will architecture shift from being machines 
for living in, to becoming living machines?

T H E  F U T U R E
i s  N o w

2.7
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3.1

1

P R O G R A M M E
a 21st century textile mill 3

Chapter 3 discusses the chosen programme – that of  a 
Textile Mill - and explores potential approaches to turn 
this historically destructive industry into a regenerative 
architectural environment. Therefore, the programme 
is not only discussed in terms of  its industrial processes 
or spatial requirements, but also in terms of  the social 
and ecological value it may potentially generate.
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3.2

“The development of  the factory has been one of  constantly 
changing requirements following improvements in produc-
tion equipment and mechanisation, associated with shifts of  
philosophy from individual craftsmanship to the ubiquitous 
Fordian production line.” 
(Adler, 1969:8-1)

Figure 3_1 Programmatic Diarama  (author, 2013)
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3.3

The 21st century is an era of  exponential popu-
lation growth, resource consumption and ensuing 
waste. In an attempt to alter these global cultural 
circumstances, architectural configurations must 
also be re-scripted. 

One of  the most pressing questions we face to-
day, is how the industrial forces which made the 
21st century possible – both in technological ad-
vancement and ecological crises - will sit within 
the systemic, hybrid world now opening before us 
(Frenay, 2006:37).

Programmatically, Machinarium will explore the 
nature of  bio-mechanical industry in the 21st cen-
tury, and how the New Industrial Revolution – that 
of  the Living Machine – will result in productive 
environments which are both environmentally and 
socially beneficial. 

The Textile Industry will be redesigned as a 21st 
century hybrid productive environment: a Textile 
Mill as a Living Machine.

D E F I N I N G
P R O G R A M M E

b i o - m e c h a n i c a l 
i n d u s t r y

3.1

Figure 3_2
Mill Gears (Norfolk Mills, edt by author, 2013)
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Textile mills were some of  the first ‘architec-
tural machines’, and played a significant role 
in the birth of  the Industrial Revolution and 
the mechanisation of  production (Kreis, 2011: 
online). Mills were also of  the first industrial 
inventions to harness the power of  nature - 
wind energy and hydropower – for productive 
purposes (Kreis, 2011: online).

In Africa, the making and trading of  cloth has 
a long-standing tradition, which has formed an 
integral part of  African culture for at least two 
millennia (British Museum Press, 2013: on-
line). African identity is therefore interwoven 
with the production of  textiles, and textiles 
form part of  cultural ceremony, traditional 
dress, and personal expression. 
Today, textiles enjoy a continued significance 
in African culture as elements global trade, as 
well as inspiration for contemporary art (Brit-
ish Museum Press, 2013: online). 

O R I G I N S
o f  i n d u s t r y

3.2

Today, textile production is one of  the largest 
global industries, existing as a ubiquitous and 
essential part of  modern life: Textiles form the 
basis of  myriad man-made objects - from the 
clothes on our backs to the carpets beneath 
our feet to the architecture shielding us from 
the elements (Thiry, 2013:27).

Predicted population pressure and resource 
depletions will have a significant impact on the 
Textile Industry, and in turn, on contemporary 
life:  “We’re rapidly increasing the population 
of  the planet and (in future) nobody’s going 
to be walking around naked” (Chris Parkes, as 
paraphrased by Thiry, 2013: 27).
The predicted depletion of  oil – the main el-
ement used to manufacture synthetic textiles 
and transport them across the globe - will re-
sult in an unavoidable shift towards alternative 
methods of  textile production (Thiry, 2013:27). 
However, plant-based textiles are not necessar-
ily ‘greener’: Cotton cultivation uses approxi-
mately 50% of  the world’s pesticides and her-

bicide, as well as requiring massive amounts of  
fertilizer, growth regulator, general biocides, 
and water to grow (http://www.binhaitimes.
com/hemp.html, accessed 25 March 2013). 
In addition to the industry’s reliance on oil, 
textile production is also one of  the most tox-
ic industries in the world:  Approximately 30-
35% of  the world’s chemicals are used in the 
textile industry’s many phases of  production 
(Thiry, 2013:27).  These toxins are often not 
treated properly, and infiltrate the global water 
system, resulting in massive effluent problems 
and ecological damage. With concern sur-
rounding the growing scarcity of  fresh water, 
the massive amounts of  (often potable) water 
required by the industry for cultivation, pro-
cessing, dyeing and finishing fabric will not be 
feasible in future  (Thiry, 2013:28).

C R I S I S
I n d u s t r y  i n

2 1 s t  c e n t u r y  t e x t i l e s

3.3
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3.5

Figure 3_3 Figure 3_4

Figure 3_5

Figure 3_6

Figures show elements of 
the textile industry during 
the Industrial Revolution
3_3  Weaving
3_4  Dyeing
3_5  Industrial Pollution
3_6 Yarn Roving
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3.6

Figure 3_7 Figure 3_8 Figure 3_9 Figure 3_10
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3.7

Figure 3_8

Figure 3_11

Figure 3_12

Figure 3_13

Figure 3_14

Figures show elements of the 
contemporary textile industry
3_7  Drying
3_8  Yarn Roving
3_9  Stitching
3_10 Cotton Fields
3_11 Mill interior
2_12 Dyed Cloth
3_13 Yarn Roving
3_14 Weaving
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3.8

Figure 3_15  Textile Production  Chain (Author, 2013)
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3.9

In order for the traditional textile mill 
to evolve into a multivalent productive 
environment which will also be resilient 
against looming resource shortages, the 
textile industry needs to be restructured 
as a regenerative living machine.

3.4
F A B R I C AT I N G
I N D U S T R Y
r e - p r o g r a m m i n g 
t h e  M i l l

Figure 3_16 Linearity of the current textile industry, resulting in a constant flow of waste (Author, 2013)
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3.10

3 4 5 6 7

1  c u l t i v a t i o n
2  h a r v e s t
3  s c u t c h i n g
4  g i n n i n g
5  b l e n d i n g
6  c a r d i n g
7  d r a w i n g
8  s p i n n i n g
9  s i z i n g
1 0  w e a v i n g

1 1  d r y i n g
1 2  c r u s h i n g
1 3  b o i l i n g
1 4  s i n g e i n g
1 5  d e s i z i n g
1 6   c o l o r a t i o n
1 7  f i n i s h i n g
1 8  d r y i n g
1 9  f a s h i o n
2 0  c o m m e r c i a l

Figure 3_17  Textile Production  Processes (Author, 2013)
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P R O C E S S
m e c h a n i s a t i o n

8 9 10 11 13 14 15 16 17 18

u n d e r s t a n d i n g3.4.1
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3.12

With the threat of  oil depletion and water scarcity, 
synthetic fibres and cotton are not sustainable fibre 
choices for 21st century textile production. Instead, 
organic bast fibres will be cultivated. These fibres 
produce soft, workable textiles when combined with 
minimal amounts of  (organically grown) cotton (El-
sasser, 2010:52). 
The steps in textile production is similar for all 
bast fibres (Elsasser, 2010:52), and several different 
plant species will therefore be cultivated to produce 
a variety of  fabrics, improve ecological biodiversity 
and reduce soil mineral depletion. Fibres chosen 

The principal issue with current methods of  
textile production is the resulting waste, as 
the textile industry uses approximately 35% 
of  the world’s chemicals, and generates al-
most as much toxic waste (Thiry, 2013:27). As 
a result, the textile industry may currently be 
the world’s most environmentally destructive 
industry. To re-program a conventional textile 
mill into a regenerative spatial environment, 
the textile industry must be redesigned in such 
a way that waste and pollution is eliminated or 
re-used as resource. 

include: KENAF (Hibiscus cannabinus L.), HEMP 
(Cannabis sativa L.), and FLAX (Linum usitatissi-
mum L.) (Elsasser, 2010:19). 

Bast fibre plants can be cultivated in diverse cli-
matic conditions without using herbicides or pesti-
cides. This plant genus also requires very little wa-
ter, which reduces water consumption and potential 
ecological damage (Elsasser, 2010:57). The fibre 
plants are completely biodegradable, as neither their 
cultivation nor processing requires synthetic chemi-
cals (Oijala, 2012: online). In addition, most bast 

f i b r e s  &  c u l t i v a t i o n

W A S T E
r e t h i n k i n g
3.4.2

fibre plants have versatile uses for different plant 
segments, ranging from animal feed to the produc-
tion of  building materials, vegetable oil and fuel. 
(http://www.binhaitimes.com/kenaf.html, accessed 
25 March 2013) A myriad other micro-industries 
may therefore rely on a single bast fibre crop – us-
ing every part of  the plant and reducing organic 
waste. The plant genus also has a long-standing tra-
dition in Africa: Textiles produced from bast fibres 
date back to ancient Egypt (Clarke, 2011: online). 
The cultivation of  these plants will therefore have a 
cultural impact by encouraging the establishment of  
African textile-making.

Figure 3_18  Kenaf Figure 3_19  Hemp Figure 3_20  Flax Figure 3_21  Cotton
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3.13

Dye production and dyeing may be the most 
toxic phase of  a textile industry: Synthetic dyes 
and mordents contain chemicals which are often 
highly poisonous, carcinogenic, or even explosive, 
leading to health problems in dye factory workers 
as well as consumers (Madrigal, 2007: online).

Virtually every industrial dye process involves 
a solution of  dye in water, in which fabrics are 
dipped or washed.  Afterwards, the toxic dye ef-
fluent is often released directly into rivers or lakes 
without treatment, leading to widespread environ-
mental damage (Madrigal, 2007: online). In order 
to reduce the risk of  environmental contamina-
tion, all dye water must be treated before it is re-
leased back into the environment (Thiry, 2013:31).

The toxicity of  the dye itself  must also be amend-
ed: Countless organic alternatives exist to the syn-
thetic dyes which are currently used by the textile 
industry. The proposed Mill will therefore focus 
on the production of  organic dyes, which are pro-
duced by boiling plant- and mineral pigments to 
extract colour, and mixing them with non-toxic 
salts as fixative and mordent. The dye effluent will 
therefore be non-toxic, and may be treated using 
alternative organic methods such as wetland sys-
tems and digester-based mechanisms.

d y e

Figure 3_22  Dye Pollution

Figure 3_23  Dye Pollution
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3.14

Figure 3_24  Mill Mechanisms
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Today’s increasing resource scarcity is causing 
many textile mills to partially or fully make use 
of  their own biomass as fuel (Thiry, 2013:31).  
Textile waste (including discarded plant mat-
ter from fibre crops, discarded cloth, and dye 
effluent) is placed in aerobic digesters, where 
bacteria break down waste organic matter into 
heat and energy (methane gas).

As a regenerative living system, the Mill will 
obtain the bulk of  its energy demands from 
site-based renewable energy sources. Resources 
available on the site, as well as the textile-relat-
ed program would therefore dictate the means 
of  producing power (Nugent, Packard et al. 
2011: online). The Textile Mill as program al-
ludes to a hybrid system of  power-generation: 
part of  the energy system should harness the 

In addition to the elimination of  toxic effluent 
in dye water, all water used in the proposed 
textile mill will be recycled as part of  a closed-
loop productive system. The introduction of  
industrial ecological principles in the Mill will 
include on-site water treatment and re-using 
it in the production processes, or re-directing 
effluent towards crop irrigation. Waste water 
may even be used as a source of  energy (hydro- 
and steam power).

water used throughout the production process 
in a (mechanical) hydro- and steam-powered 
system, while part of  the Mill’s power will be 
generated using digester–based technology - 
which would double as waste management.

Water- and Steam wheel mechanisms also 
serve a spatial and social function. While the 
gyration of  hydro-powered gears establishes a 
strong sense of  place and technological con-
sciousness, the introduction of  digesters will 
also generate awareness of  waste as a resource, 
and focus public attention on the productive 
value of  hybrid industrial systems. 

w a t e r

e n e r g y
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Various methods of  waste reduction or elimi-
nation have been included in the programme, 
but not as true industrial ecology, where “the 
waste from one factory serves as the raw ma-
terial for another (Frenay, 2006:6). The miss-
ing connection can be found in algae.  This 
remarkable organism is rapidly transforming 
industrial production, and may revolutionise 
the textile industry by replacing other forms 
of  dye as a non-toxic alternative (Wiles, 2013: 
online), (Madrigal, 2007: online).

Algae species occur naturally in diverse colour 
ranges, with the cultivation of  different algae 
species (or colours) depending mainly on the 
temperature and salinity of  the water in which 
it grows (Madrigal, 2007: online). The organ-
ism requires little to no energy to grow, and 
can be cultivated in polluted water containing 
organic waste material (such as dye effluent), 
which it then cleans. It is also highly effective 
in carbon sequestration (as CO2 is one of  its 
main energy sources) (University of  Virginia, 
2008: online). 

In addition to being a non-toxic dye ingredi-
ent, water filtration device and natural fertilis-
er and food source, algae may also be used to 
produce power (Lofgren, 2013: online) (Mad-
rigal, 2007: online). By adding waste algae to 
the same anaerobic digesters used to treat dye 
effluent, this energy-rich organism could gen-
erate up to 15 times more oil per volume than 
any other plant used for biofuel production 
(University of  Virginia, 2008: online).

By including algae cultivation in the Mill’s 
programme, the organism will be used to pro-
duce dye, clean the dye effluent used in textile 
production, generate digester and bio-reactor-
based power, and fertilise fibre crops. 

The combination of  the ecologically produc-
tive qualities of  algae with the mechanical pro-
duction of  textiles, will result in the formation 
of  a true closed-loop industrial ecology and 
contribute to the 21st-century bio-mechanical 
revolution. 

A L G A E
the  ‘g reen’  revolut ion

3.4.3
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Figure 3_25  Potential Algae Colours

3_25.1

3_25.2

3_25.3

3_25.4

3_25.5 3_25.7

3_25.6
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3.18

I N D U S T R I A L  E C O L O G Y
t e x t i l e  p r o d u c t i o n

3.5.1

Figure 3_26  (Authur, 2013)
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e n e r g y ,  w a t e r  &  b y - p r o d u c t s
p r o d u c t i o n  &  c o n s u m p t i o n

O R G A N I C / P L A N T  M A T E R I A LA
W A T E R

H E A T  E N E R G Y

F O O D  ( A N I M A L  &  H U M A N )

T O X I C / H A Z A R D O U S

B
C
D
E

1 CULTIVAT ION ( f ib re  & dye  p lants)  
2  HARVESTING
 F IBRE PREPARATION
3 rett ing ,  b reak ing  & scutch ing
4 g inn ing
 YARN FORMATION
5 separat ion  & blend ing
6 combing  & card ing
7 drawing  & rov ing
8 sp inn ing
 FABRIC PRODUCTION
9 s iz ing
10 weav ing
 DYE PRODUCTION
11 dry ing
12 crush ing
13 bo i l ing
 WET PROCESSING
14 s inge ing
15 des iz ing
16 co lorat ion
17 f in ish ing
18 dry ing
19 FASHION
20 COMMERCIAL

Figure 3_27 
Analysis of production and 
consumption of energy and 
by-products in  textile pro-
duction. Overlaps and simi-
larities result in closed-
loop architectural design. 
(author, 2013)

3.5.2
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a l g a e

b

d

c

e

f

g

a

a

b

c

d

e

f

g

Phaedodactylum tricornutum
grows in high concentrations of  saline

Chlorella vulgaris
rich in cholofill + protein.
often used as a nutritional supplement and 
rich source of  bio-oil

Nannochloropsis oculata
used as fish food, but has biofuel potential

Spirulina
rich source of  protein - used as long ago 
as the Aztecs
grows in fresh water

Pyrocystis lunula
brown by day, fluorescent by night.
grows in salt water

Haemotococcus pluvialis
rich in cartotenoids
the pigments in this algae are often used as 
food colouring

Dunaliella salina
grows in high concentrations of  saline
contains pigments useful for salt and cos-
metics

Figure 3_28 (compiled by author using www.algaegardern.net)

Algae colour varies according to species, and 
different species are cultivated in water using 
varying levels of heat and salinity. All algae is 
therefore suitable for cultivation at Daspoort.

D Y E  C O L O U R S
p o t e n t i a l
3.5.3
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 GREEN
1 peach leaves (ye l low-green)
2 nett le  (ye l low-green)
3 black-eyed susan (br ight  o l i ve)
4  acac ia  seed pods (green)
5 peppermint  (dark  green)
6 sp inach leaves (dark  green)
7 tea  t ree  f lowers  (green-black)
 GRAY-BLACK
8 i r is  roots  (grey)
9 rusty  i ron  & v inegar  (black)
10 bas i l  (purp le-grey)
 BLUE
11 ind igo  leaves (br ight  b lue)
12 purp le  i r is  (purp le-blue)
13 hyac inth  f lowers  (purp le-blue)
 PURPLE
14 lavender  f lowers  (pa le  purp le)
15  mul lber r ies  ( roya l  purp le)
16 grapes (purp le)
17  red  cabbage (p ink-purp le)
 P INK
18 strawber r ies  (pa le  p ink)
19 p ink  roses (pa le  p ink)
20 p lum t ree  roots  (sa lmon)
21 p lum sk ins  (hot  p ink)
 RED
22 beets  (br ight  red)
23 red  on ion  pee ls  (purp le- red)
24 red  grape sk ins  (purp le- red)
25 raspber r ies  (pa le  red)
26 cranber r ies  (pa le  red)
 BROWN
27 wi ld  p lum root  ( redd ish  brown)
28 dandel ion  root  (brown)
 ORANGE
29 ye l low on ion  pee l  (pa le  orange)
30 car rot  (pa le  orange)
31 butternut  (pa le  orange)
 YELLOW
32 lemon pee l  (pa le  ye l low)
33 dandel ion  (pa le  ye l low)
34 orange pee l  (orange-ye l low)
35 sunf lowers  (pa le  ye l low)
36 mar igo ld  blossoms (br ight  ye l low)

o r g a n i c  m e t h o d s
Organic dyes potentially manufactured us-
ing plants, arranged according to colour and 
property. The 36 plants identified in the chart 
are suitable to cultivate on the Daspoort site.

D Y E  C O L O U R S
p o t e n t i a l
3.5.4

Figure 3_29, Compiled by author 
using (Pioneerthinking, 2013:online) and (Schmidt-Tyler, 2012:online)
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S O C I A L
ENGAGEMENT
t h e  h o l i s t i c  p o t e n t i a l 
o f  a  t e x t i l e  m i l l

3.6

In addition to the ecological benefit, the intro-
duction of  a living architectural system in a de-
graded social environment may have a positive 
socio-cultural impact, which would potentially 
catalyse a large-scale, interconnected regenera-
tive effect. 

When designing a Textile Mill as a living sys-
tem, various aspects of  potential social en-
gagement present themselves:

“Textiles … provide a detailed chronology of  
the social, political, religious, emotional, and 
sexual concerns of  those who wear them...
Their unspoken language often provides a 
way of  suggesting thoughts and feelings which 
cannot be expressed in other ways, and these 
cloths regularly move between the realms of  
the secular and the sacred.” (British Museum 
Press, 2013: online)  

Figure 3_30 Contemporary African Fashion

3_30.1 3_30.2
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Textile making has strong connotations with 
culture and identity, particularly African iden-
tity and the long-standing history of  African 
textile production. Textiles are understood as 
a contemporary art form and a means of  social 
expression, through which a local people may 
celebrate their unique cultural ties (British Mu-
seum Press, 2013: online).

However, industrial production is increasingly 
relocated to foreign industries (particularly 
Asiatic countries), where the low cost of  pro-
duction is lucrative enough to overshadow the 
value of  indigenous industry.

By programming a textile mill as a localised 
industry - where all production processes take 
place in a single, integrated environment - the 
value of  production may be rediscovered and 
the regenerative social implications of  an in-
digenous textile industry may (including cul-
tural value, economic and potential and in-
creased urban energy) may begin to influence 
larger urban contexts.

By exposing the ‘making’ of  textiles and tex-
tile products through spatial design and in-
dustrial tourism, the artisanal character of  the 
production process itself  may be celebrated. 
Exposure of  textile crafting may also cultivate 
awareness of  the vanishing art of  production 
in the 21st century. 

F A B R I C AT I N G 
I D E N T I T Y
t h e  c u l t u r e  o f  m a k i n g

3.6.1

Figure 3_31 Traditional Textile Dye: Batik

3_31.1

3_31.2 3_31.3
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By designing the Mill as an architecturally de-
sirable and publicly accessible space, the po-
tential for trade and tourism is created. By 
locating the Mill in a degraded social environ-
ment, the productive activity and economic 
value created by the industrial architecture has 
the potential to generate enough urban energy 
for informal trade. Trade would therefore feed 
off  the products manufactured by the textile 
mill itself  (e.g. yarn, cloth, fashion, etc.) as 
well as from its direct social urban environ-
ment. 

Tourism will take form as industrial tourism 
(textile production processes), eco-tourism 
(the ecological regeneration of  the surround-
ing environment and organic hybridity of  the 
mill) and cultural tourism (as a unique sense 
of  place and cultural identity would evolve as 
a result of  a regenerative textile mill).

S O C I A L 
E N E R G Y
t r a d e  +  t o u r i s m

3.6.2

Many phases of  textile production have spatial 
significance – from the varicoloured allure of  
dyeing and drying fabrics to the unremitting 
gyration of  mechanised production processes. 
These processes have the potential to engen-
der an industrial ‘genus loci’ – a space which 
celebrates the unique qualities of  a specific in-
dustry as part of  an augmented landscape. 

By celebrating the place-making potential of  
production, industrial mechanisms may come 
to be desirable in their spatial quality, and not 
just in the products they produce. This is a 
crucial step towards mediating the increasing 
pressures of  urban densification. Production 
processes could be celebrated through in-
creased architectural visibility, or by hybrid-
izing productive and social spaces so that in-
dustry may be accessible to the public through 
everyday interactions with production.

G E N I U S  L O C I
i n d u s t r i a l
3.6.3

Figure 3_32. Industrial Genius Loci
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3.7

As water forms an integral part of  textile pro-
duction, and is used for dyeing, retting, weav-
ing, and algae-and crop cultivation, the natural 
resource is an important programmatic con-
sideration. As part of  the industrial ecology, 
water is therefore recycled within the different 
programs of  the building, so that waste wa-
ter from dye effluent is used to cultivate algae 
and irrigate crops. Water is also harnessed to 
produce alternative forms of  energy, includ-
ing hydro-power, steam power and algae-based 
bio-reactors.

H Y B R I D I T Y
i n d u s t r i a l
3.7.1

N AT U R A L  L O G I C
i n t e g r a t i n g  e c o l o g y 
&  p r o d u c t i o n
By restructuring textile-making as a hybrid 
industry which integrates productive aspects 
with socio-ecological concerns, the potential 
ecological value of  a textile mill is considered 
as a programmatic aspect: 

In addition to using natural ecology for pro-
duction, the landscape surrounding the tex-
tile mill will be celebrated for its recreational 
value. During the industrial revolution, social 
spaces were separated from productive natural 
ecologies so that they could be used for indus-
trial purposes (Kreis, 2011: online). However, 
in a hybrid programme, these productive natu-
ral ecologies must be used as an opportunity to 
integrate social spaces with production. By de-
signing the Mill in such a way that no activity 
is prioritised over another, the productive wa-
ter-based landscape will also be programmed 
as recreational social space, and as ecological 
habitat.

As the textile mill will be located near a water 
body (both for energy-related reasons and the 
water requirements of  textile production), the 
opportunity for various social activities pre-
sent themselves. The same spaces and water 
that is therefore used to generate power, make 
dye, or grow algae will be be used for social 
activities such as fishing, bird watching, swim-
ming, and picnicking.

S O C I A L  S P A C E
i n d u s t r i a l  s p a c e  a s
3.7.2

Figure 3_33. Productive Ecology
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3.8
P R O G R A M M AT I C  O U T L I N E
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3_34.1 3_34.2

3_34.3

3_34.4

3_34.5

Textiles as social catalysts:
3_34.1 Textile Emboidery
3_34.2 Traditional Fashion
3_34.3 Textile Accessories
3_344 Hand Weaving
3_34.5 Craft Beading

Figures 3_34
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3.29

M I L L  M A C H I N E

By reprogramming industry as a living machine, 
Machinarium rescripts textile production for the 
21st century.

A restructured, regenerative textile mill has the 
potential to alleviate environmental damage in 
its direct context and reduce the current global 
environmental impact of  the textile industry. 

t h e  l i v i n g  t e x t i l e
3.9

i n t e g r a t i n g  s o c i a l , 
e c o l o g i c a l  &  i n d u s t r i a l

By creating public awareness for the value of  
production and the ‘craft’ of  textile-making, 
the programme may  also influence local cul-
tural identity and generate new economic en-
ergy.

By embedding ecological systems as part of  
the productive programme, social spaces and 
natural habitats are integrated with industrial 
textile production to fabricate a hybrid, living 
environment.

(Author, 2013)

+ ++
+

+ +
+

+

+
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4.1

1

C O N T E X T
nar ra t ing  d i sconnect 4

Chapter 4 discusses the chosen context (Daspoort 
Sewage Plant and Marabastad) by referencing the 
requirements of  a regenerative textile mill. These 
environments are subsequently discussed both in 
terms of  their historical narratives, and their con-
temporary facades. After understanding the con-
textual background, a more cohesive, contextually 
relevant  industrial ecology is  constructed.
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4.2

Cities are running out of  space and re-
sources and the concept of  waste can 
no longer be tolerated. Neither can we 
afford to dedicate large portions of  valu-
able urban land to deal with the waste 
we create. One of  the most pressing ar-
chitectural questions of  the 21st century 
will be how to deal with waste, and the 
spaces which treat it.  In future, how will 
urban ‘wastelands’ be designed so that 
urban land is not wasted ? Figure 4_1

Barriers of Disconnect: Marabastad 
is bordered by the causeway, train 
loop, and sewage works, all of which 
form virtually impenetrable barriers 
between the township and its sur-
roundings. (Author, 2013)
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4.3

From the theoretical exploration, it is clear 
that context plays a vital role in the design of  a 
living system, as it provides the resources nec-
essary for operation and is therefore directly 
related the architectural programme. As the 
programme is the starting point in this dis-
sertation, a site (or ‘place’) had to be chosen 
which would provide the social and ecological 
aspects necessary to establish a textile mill as a 
systemic environment.

The site-related programmatic needs of  a tex-
tile mill were analysed and found to be:

1. Water, a resource which should be plentiful 
as it is required by the various phases of  textile 
production, as well as for the cultivation of  
fibre crops and algae.

2. Waste treatment (specifically waste water 
treatment) should be possible on the chosen 
site as a textile mill produces many different 
forms of  effluent – waste water, waste textiles, 
and waste plant matter.

3. Space is required for textile production, as 
a mill must accommodate the many processing 
phases of  textile making in addition to need-
ing surrounding open land for cultivation and 
waste treatment. 

4. Urban condition: the Mill should be located 
in an urban or peri-urban context to tap into 
the energy of  existing social systems and infra-
structure (transport/trade etc). A textile mill 
requires employees to run its many processes, 
as well as public participants in trade, work-
shops, craft, tourism and recreation.

5. Ecological systems should be present in the 
chosen context, with which the architecture 
may integrate to form a hybrid productive en-
vironment. Ideally, water bodies such as rivers 
would form part of  the direct context.

6. Degenerated environment, including social 
systems requiring new cultural identity and 
natural systems which are ecologically dam-
aged by human activity, should be present in 
the chosen context.

In addition, the dissertation explores the ques-
tion of  21st century ‘wastelands’ as produc-
tive environments, and encourages the use of  
‘waste’ as a resource. For the purpose of  the 
dissertation, the chosen site should therefore 
relate to waste or ‘wastelands’ as part of  its 
direct context.  

S I T E 
R E Q U I E R E M E N T S
f inding appropr ia te  context

4.1
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4.4

Daspoort Sewage 
& Waste Water 
Treatment Plant

(indicated by 
white outline)

+

Figure 4_2
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4.5

S I T E 
L O C AT I O N
a  per i -urban sewage s i te

4.2

Daspoort Sewage & Waste Water Treatment 
Plant was found to express all the elements re-
quired for a 21st century Textile Mill. 

Daspoort Sewage & Waste Water Treatment 
Plant is located in Pretoria (Gauteng Prov-
ince), to the North-West of  Pretoria CBD. The 
site sits just below the Daspoort Ridge, on 
the confluence of  the Apies River and Steen-
hovenspruit.  Bordering the site is the Apies 
River (to the North), the Steenhovenspruit (to 
the East), the Es’kia Mphahlele Causeway (to 
the West) and the urban township of  Marabas-
tad (to the South).

Daspoort Sewage and Waste Water 
Treatment plant, 
Staatsartillerie Rd, Daspoort.
(Historic Marabastad North)
GPS -25° 44’ 1.63”, +28° 10’ 29.46”
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4.6

M A C R O  C O N T E X T

P R E T O R I A
as  urban environment

4.3

“Pretoria has simple dreams. Sacred dreams of  
her earth, her fountains, her African sky and sun. 
Such dreams confer great power over the passage 
of  time. But with the dawn we return to work and 
the din of  our motorised army invading the city 
chases the dreams away. The day of  deeds begins. 
We relegate wild animals to the zoo, plants to the 
park, people to offices and dreams to the rubbish 
bin. We build tall structures lest people think we 
are shallow. We build enormous roads lest people 
think we do not know where we are going. We 
pollute the place lest people think we are not pro-
gressive. We destroy our city lest people think we 
are proud of  our past “(Holm, 1989:17).
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M A C R O  C O N T E X T

P R E T O R I A

Figure 4_3
Site location within larger urban 
context (Direct urban context 
indicated by black circle; urban 
river system indicated by blue 
lines) (Author, 2013)
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Pretoria is the administrative capital of  South 
Africa, and is located in the North of  Gauteng 
Province.  Despite its bureaucratic function, 
Pretoria’s urban form originated as a direct 
interpretation of  the landscape, with the sur-
rounding mountains, valleys, fountains, rivers 
and ‘poorte’ guiding the location of  the urban 
grid, or  ‘Cardo Decumanus’ (Jordaan, 1989: 
26), (Jenkins,1955:45). The grid harnessed the 
natural landscape by introducing water fur-
rows as part of  its urban morphology. The 
furrows, which ran from Fountain’s Valley 
through the CBD and terminated in and the 
Apies River near the Daspoort, supplied the 
town with clean water and connected urbanites 
with natural surroundings (Jordaan, 1989: 26).  

However, perpetual unsympathetic urban de-
velopment and inner-city industrialisation has 
undone much of  Pretoria’s original eco-centric 
place making (Jordaan, 1989: 26). Population 
growth (related to the Anglo Boer war and 
gold discoveries at Witwatersrand) increased 
pollution of  the natural water systems. “The 
low-lying streets in summer became swamps 
and in winter ankle-deep in dust and refuse” 
(Jenkins, 1955:364).In 1888, it was finally de-
cided to decommission the furrows, and they 
were buried below ground in the early 1900’s, 
forming part of  Pretoria’s first sewage infra-
structure (Jenkins, 1955:45).

The Apies river and its feeder streams suffered 
similar fates: With the Industrial Revolution, 
many industries were established along river 
banks to utilise water, and the Pretoria West 
Industrial Area developed (between Steen-
hoven and Skinner Spruit) (Jenkins, 1955:366). 
Annual Flooding proved problematic for in-
dustry and inner city alike, and motivated the 
channelization of  the Apies River shortly after 
1909 (Jenkins, 1955: 152). By burying inner-
city water infrastructure underground and 
channelizing urban rivers, natural systems were 
reduced to stormwater and sewage channels, 
and a city which was once based on its natural 
surroundings forgot its origins (Jordaan, 1989: 
26). 

B A C K G R O U N D
P R E T O R I A
a  c i ty  of  r ivers

4.3.1

Figure 4_4
Current state of Pretoria’s in-
ner-city rivers (Author, 2013)
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1879 1889 1902+

natural 1855 1859

Figure 4_5
Morphological development of Pre-
toria. Pretoria originated as a direct 
response to the natural context, but 
developed to consume its natural 
surroundings. (Author, 2013, adapt-
ed from Holm, 1989)
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2 1 S T  C E N T U R Y
P R E T O R I A
g rowing d isconnect

4.3.2

Today Pretoria exists as a megacity.  Extreme 
sprawl, urban zoning and forced political seg-
regation have resulted in a blurred urban pe-
riphery stretching beyond SOSHANGUVE to 
the North and merging with Centurion and 
Midrand to the South. With increasing urban 
populations, Pretoria will continue its sprawl-
ing growth and insensitive patterns of  devel-
opment, resulting in the eventual loss of  origi-
nal urban identity and nature-based ‘sense of  
place.’

At present, urban development has resulted 
in an abandonment of  the grid, and the value 
of  the urban river system has been forgotten 
- reduced to a festering concrete channel on 
the fringe of  the inner city. Johannesburg and 
Pretoria’s boundaries are slowly encroaching 
on each other, and with the increased con-
nectivity of  the Gautrain, may soon combine 
to form a single urban district, pushing natu-
ral surrounding ever further from the urban 
realm. The disconnect between the ‘urban’ and 
the ‘natural’ is growing.

Figure 4_7
Urban grain of Pretoria, with the 
urban grid changing direction in 
reaction to the rivers. (Author, 
2013)

Figure 4_6
Urban grain of Gauteng, with 
Pretoria and Johannesburg indi-
cated by white zones and nature 
reserves indicated by green. (Au-
thor, 2013)
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2 1 S T  C E N T U R Y
P R E T O R I A

M I C R O  C O N T E X T

M A R A B A S T A D
as  urban mi l ieu

4.4

To the south of  the Daspoort site lies Marabas-
tad, a semi-formal urban district in the North-
West corner of  the Pretorian CBD. The town-
ship has existed (informally) for more than a 
century, and carries a rich political, religious 
and cultural history (Grobbelaar, 2010:34). 
The urban fabric of  Marabastad is in constant 
flux: the township has undergone countless 
demolitions and major internal restructuring, 
and is continuously rewritten by changing ur-
ban conditions, varying demographic and cul-
tural constructs. Marabastad’s urban instability 
is increased by its inherent informality: archi-
tecturally, the urban precinct is a fusion of  
dilapidated historical buildings, new informal 
self-governed infill, and trade stalls (author, 
site visit observations).

Figure 4_8
The delicate urban grain of Mara-
bastad  (upper left corner) in rela-
tion to the CBD. (Arup, c. 1950)
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B A C K G R O U N D
M A R A B A S T A D
los ing ident i ty

4.4.1

Marabastad originated in 1988 with local chief  
‘Maraba’ establishing his ‘kraal’ on the Apies 
River and Steenhovenspruit, just below the 
Daspoort Ridge (Lipman, 2009:71). When non-
white native people came to Pretoria in search 
of  employment, they found refuge at the kraal 
as they were not permitted to stay in the inner 
city (Lipman, 2009:71). With time, the settle-
ment grew into a bustling urban arrangement, 
but the original connection between location 
and landscape remained intact: the axial Jeru-
salem Road sliced through Marabastad, linking 
The Cape Boys, Coolie location, Old and New 
Marabastad, and extended northwards to the 
Daspoort ridge and Apies River.

With the construction of  the Daspoort Sew-
age & Wastewater Treatment Plant in 1913, the 
original section of  Marabastad was demolished 
and the townhip’s ‘heart’ migrated southwards, 
merging the Asiatic Bazaar, ‘Coolie’ Location 
and newer sections of  Marabastad into a single 
mass of  vibrant urban activity. The resulting 
cross-population and cultural amalgamation 
of  Black, Indian and Coloured people saw the 
development of  ‘Marabi’ culture – a unique 
urban identity of  almost unprecedented rich-
ness which defined various aspects of  Mara-
bastad life, from parties and music and dance 
to alcohol brewing and the various, flourish-
ing micro-industries of  Marabastad (Grobb-
elaar, 2010:40-43). With the full onset of  the 
Apartheid regime , politically-motivated racial 

segregation, forced evacuation and large-scale 
urban demolitions devastated Marabastad 
(Muyaka, 2010:6).  When the township finally 
lost all residential function in 1975, the once 
vibrant Marabi culture faded and the local mi-
cro-industries and productive culture declined 
(Grobbelaar, 2010:44).

Urban growth to the north and west of  the 
CBD necessitated the construction of  a new 
road through the Daspoort in 1938: a ‘high-
way’ linking the expanding urban peripheries 
(van Wyk, 1996:16). The construction of  DF 
Malan Drive (Today ‘Esk’ia Mpahlele Drive) as 
well as a planned but unrealised governmental 
highway scheme during the late 1980’s resulted 
in the demolition of  large sections of  Mara-
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B A C K G R O U N D
M A R A B A S T A D

Figure 4_9
Contemporary urban grain of 
Marabastad, with the Daspoort 
Sewage Plant visible to the north 

(Arup, 2013)
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bastad, and disconnected the township from 
the Skinner Spruit, its historical river bound-
ary (van Wyk, 1996:16). Further disconnection 
from the rivers occurred with the channeliza-
tion of  the Apies River (1909), and the Steen-
hovenspruit (1920) to accommodate riparian 
industries and mitigate inner-city floods. The 
channelization of  the rivers hardened Mara-
bastad’s natural ‘borders’, emphasizing the ex-
isting disconnect between Marabastad and the 
rest of  the CBD (Jenkins, 1955:152).

The Apartheid Regime’s forced racial segre-
gation and township development resulted in 
massive urban expansion to the north of  Pre-
toria’s CBD. As a result, a greater need for pub-
lic transport developed to connect the Preto-

rian CBD with its peripheral ethnic townships. 
In 1988, the Bel Ombre train loop and station 
was constructed to the North of  Marabastad 
(Grobbelaar, 2011:39). The new terminal was 
intended to serve non-white passengers, and 
form a connecting node between the (residen-
tial) townships of  Soshanguve, Garankuwa 
and Mabopane and the newly commercially-
zoned Marabastad (Grobbelaar, 2011:52). The 
construction of  Bel Ombre was the final (and 
possibly most dramatic) alteration to Marabas-
tad’s delicate urban grain. The entire section 
between Old Marabastad and the Asiatic Ba-
zaar was raised to make way for the new train 
loop, and the tracks established an almost im-
penetrable barrier between Marabastad and 
its Apies river origins. In addition, the over-

bearing form of  the massive station consumed 
Marabastad’s urban identity to become an all-
encompassing landmark for the the township: 
today, Bel Ombre is Marabastad. 
Not only has Marabastad been severed from 
the rest of  the Pretorian CBD, but it has also 
been disconnected from its unique cultural 
roots, its localised production, and the natu-
ral systems which sparked its original develop-
ment.  

Figure 4_10
Connected Marabastad, c. 1900 
(Author’s adaptation of Afrikana Archive Material, 2013)

Figure 4_11
Disconnected Marabastad, c. 2013
(Author’s adaptation of Afrikana Archive Material, 2013)
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Figure 4_12
Author’s compilation of a layered his-
tory: British camp outside old Mara-
bastad during Anglo Boer War (Afrikana 
Collection, c. 1900) and Planned high-
way scheme through Marabastad (Afri-
kana Collection, c. 1960)
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Figure 4_13 (left) Position of Old Mara-
bastad on the Daspoort site. (Daspoort 
borders indicated by black outline.) (au-
thor’s compilation of Afrikana Collection 
archive material)

Figure 4_14 (above) The gradual decline 
of Marabastad. This photoseries, taken 
decades apart, clearly shows how the 
Sewage Works and Belle Ombre Station 
affected Marabastad’s urban morphology. 
(Arup, 2013)

1934 1965 1998
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1867 Schoolplaats

1892 Koelie location&Mill

1888 Marabastad originates 1890 Locations planned

1902 Marabastad planned 1908 New Marabastad
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1913 Sewage works

1988 Bel Ombre train loop

1929 Sewage expansion 1938 New road constructed

2013 diminished Marabastad 2013 planned Arup scheme

T I M E L I N E
M a r a b a s t a d

Figure 4_15 (author’s compilation, 2013)
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Figure 4_16
Aerial photo of contemporary 
Marabastad, with Daspoort Sew-
age Works visible to the north, 

(UP Geography Dept, 2013)
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Despite having a rich history, Marabastad as it 
exists today is only a vague representation of  
its once vibrant past. Much of  historical Mara-
bastad has been lost: Its physical urban fabric 
(a unique micro-grid morphology, interspersed 
with small, functional squares) has been re-
placed with a barren collection of  demolished 
lots (Muyaka, 2010:5). In turn, its urban en-
ergy has been lost as a result of  these demo-
litions and the forced political relocations of  
its inhabitants. With a diminished physical en-
vironment and reduced population and social 
energy, Marabastad’s unique cultural identity is 
mostly a memory (Grobbelaar, 2010:50).

In addition to political demolitions, much of  
Marabastad has been destroyed to accommo-
date Bel Ombre Train Station and the Asiatic 
Bazaar (a commercial centre next to the sta-
tion) (Muyaka, 2010:5). These massive struc-
tures overwhelm the urban landscape, and 
announce the programmatic value of  con-
temporary Marabastad: Bel Ombre speaks of  
Marabastad as modal interchange: The once vi-

brant cultural hub has become a transportation 
node with bus, train and taxi depots (Grobb-
elaar, 2010:34).  An excess of  40000 commut-
ers circulate amongst these services and pass 
through Marabastad daily, with the majority 
from Soshanguve,Garankuwa and Mapobane 
(Muyaka, 2010:4). In turn, the Asiatic Bazaar 
alludes to Marabastad as a commercial node: 
Marabastad hosts 18% of  Pretoria’s informal 
trade (Meyer Pienaar Tayob, 2002:103), as the 
urban precinct has taken advantage of  the 
transport energies to become a large-scale im-
porter and product distribution centre for the 
entire Pretoria CBD. 

Pedestrian activity in Marabastad predominant-
ly occurs between the various transport nodes. 
“Each morning, the area floods with commut-
ers travelling from outlying townships by bus 
or train to come to work in/around Pretoria. 
From Marabastad, the commutors take taxis to 
their place of  work. The area again floods dur-
ing the late afternoon when everybody returns 
home” (Grobbelaar, 2010:52). As a result of  

the township’s physical informality, myriad 
informal activities have integrated to form 
a haphazard urban system: The transport 
nodes in Marabastad create an influx of  
pedestrian energy, which in turn allows for 
commercial and informal traders to gener-
ate livelihoods. Formal trade in Marabastad 
focuses on textiles and fashion, electronics, 
and furniture, while informal trade is largely 
based on food and music. 

Despite the continuing existence of  trade, 
transport and pedestrian energy, Marabas-
tad’s rich cultural and architectural urbanity 
has largely deteriorated, and the natural sys-
tems which surround it have been forgotten. 
Transport and commerce has been given 
precedence over culture, identity, rivers and 
ridges. As the township disintegrates around 
them, people flow between station, taxi and 
bus en route to somewhere else.

P R E S E N T - D AY
M A R A B A S T A D
t ranspor t  & trade

4.4.2
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Figure 4_17 Urban Peripheries and connecting routes (Author’s compilation, 2013)
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1C 7
2

3

4
5 6

daspoort sewage works

BC

A D

e

f

TRANSPORT
1. putco bus rank    - 12000   
2. 7th street informal taxi rank - 500    
3. bazaar st. informal taxi rank - 3500    
4. belle ombre train station  - 24000  
5. belle ombre bus stop  -9000     
6. belle ombre informal taxi rank - 700       
7. Jerusalem street taxi rank - 3500    

(numbers given as persons/day)
(aziz tayob partnership, 2002:138)
(van der westhuizen, 2010:27)

COMMERCE
A Pretoria farmer’s market
B Asiatic Bazaar complex
C Fresh Fruit market
D Bel Ombre Shopping complex
E Bel Ombre informal market
F Boom Street commercial zone

note: high densities of informal trade 
also present near transport nodes.

P R E S E N T - D AY
M A R A B A S T A D
t ranspor t

Figure 4_18
Marabastad Transport & Commerce

 (Author’s compilation, 2013)
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F A S H I O N  C A P I T A L

Although almost all of Marabastad 
has disappeared, the fragmented 
township still shows traces of its 
vibrant textile-related past.

Images of Marabastad’s fashion 
culture taken on site visits to the 
township. (Author, 2013)

P R E S E N T - D AY
M A R A B A S T A D
text i le  t rade

Figures 4_19
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B A C K G R O U N D
D A S P O O R T
Maraba ’s  memor y

4.5.1

When Pretoria’s inner-city water furrows had 
been polluted to the point where they were un-
usable as direct water sources, they were finally 
buried below ground in the early 1900’s. (Jen-
kins, 1955:45) The rapid urban growth and in-
dustrial development of  the early 1900’s, (both 
as a result of  the Witwatersrand gold rush and 
the Anglo Boer war) established the need for 
more formalised water treatment in the Preto-
rian CBD. 

The Pretorian Municipality had been search-
ing for an appropriate site for a water treat-
ment facility since the late 1880’s, and finally 
decided on the region of  Marabastad’s original 
location – the junction of  the Apies River and 
Steenhovenspruit (Jenkins, 1955:364).  The 

township’s site, a low-lying region near a wa-
ter body, met the necessary requirements for a 
sewage treatment plant, and was located close 
enough to the CBD to spare excessive pipe-
work.   Plans for the facility were submitted 
in 1904, (Jenkins, 1955:364) and by 1912-1913, 
the Daspoort Sewage and Waste Water Treat-
ment plant was established (Jenkins, 1955:364).

Approximately 600 erven of  Old Marabastad 
had to be relocated in order to accommodate 
the Sewage Works (Grobbelaar, 2010:37), 
and by 1920, remaining traces of  Old Mara-
bastad had been completely erased, replaced 
by Daspoort sewage infrastructure. Today, 
the only tangible facets of  Old Marabastad 
which linger are the remnants of  the “native 

cemetery” just south of  the Daspoort Sew-
age works, and an old missionary church and 
homestead, left over from the late 1800’s Bel-
gian missionary influence in Marabastad (Els, 
2013: personal communication). When visiting 
the Daspoort Sewage Works as it exists today, 
it is hard to imagine that the site used to house 
the bustling township of  old Marabastad. Only 
industrial machines and water is visible.
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B A C K G R O U N D
D A S P O O R T

Figure 4_20
historical map of Marabastad 
with Daspoort Sewage Works  
indicated by white outline. (Arup, 
2013,  edited by Author, 2013)

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



4.28

Figure 4_20
View over Old Marabastad from 
Daspoort Ridge (before the con-
struction of the Daspoort Sewage 
Works) (UP Afrikana Collection, c. 
1890)
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Figure 4_21
View over Daspoort Sewage 
Works before the construction of 
the western treatment plant and 
the new causeway (Daspoort ar-
chives, n.d.)
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P R E S E N T - D AY
D A S P O O R T
water  & waste

4.5.2

The Daspoort Waterworks and Sewage Treat-
ment Plant is in its centenary (Els, 2013: per-
sonal communication). Strewn across the vast 
property is a century worth of  discontinued 
water treatment infrastructure: old research 
laboratories, unused retention dams, abandoned 
furnaces…As water treatment technology and 
processes develop, old technology becomes re-
dundant. The site responds by abandoning old 
machines, finding open space, building new in-
frastructure, and demolishing that which it had 
abandoned to ensure an endless supply of  new 
space (Els, 2013: personal communication). 
Consequently, much of  the Daspoort site is un-
used, or contains ineffective, dated technology 
awaiting demolition:  As Daspoort’s Treatment 
processes move between different parts of  the 
site, growing and changing like a living machine, 
it leaves a trail of  abandoned infrastructure in 
its wake. 

Daspoort performs functions which are essential 
to modern life, yet is largely unacknowledged in 
its urban context. The site has invaluable urban 
proximity: Located between two of  Pretoria’s 
major connecting urban arteries (Paul Kruger 
and Es’kia Mpahlele roads), the Daspoort site is 
also situated near Boom Street, Pretoria’s busi-
est road, according to survey (White, 2013: per-
sonal communication). In addition, Daspoort’s 

site borders Bel Ombre train station, a transport 
interchange which accommodates approximately 
40000 people daily and connects the inner-city 
to the outlying regions of  SOSHANGUVE and 
Garankuwa. (Muyaka, 2010:4) Daspoort Sewage 
works is also surrounded by educational- and re-
search facilities, with the TUT main campus to 
its direct West, the CSIR research laboratories 
on its eastern edge, NRF research centres and 
the Zoological gardens located to its east, and a 
high school bordering it to the northeast.

Aside from its water-treatment infrastructure, 
the Daspoort site is one of  the few remaining 
‘open’ sites surrounding the Pretorian CBD. 
The site is also located on the confluence of  
the Apies River and Steenhovenspruit, two 
natural urban water bodies.  However, de-
spite the site’s coveted location and invaluable 
open urban space, most urbanites are unaware 
of  Daspoort’s existence, save for catching an 
earthy whiff  of  soiled water while speeding past 
on the surrounding highways. After a century of  
existence, Daspoort remains hidden from public 
view behind tree-lined edges, quietly performing 
its crucial, undervalued function.
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C4

C6

daspoort sewage works

C2C3

T1

T4
T5 T6

T7

T2

T3

M1

M2M3

M4
A2A1

E1

E2

E3
H1

H2

H3

C1

R1

R2

R3

O1

O2

C5

COMMERCE
C1 Pretoria farmer’s market
C2 Asiatic Bazaar
C3 Fruit market
C4 Bel Ombre Shopping complex
C5 Bel Ombre informal market
C6 Boom Street commercial zone

TRANSPORT
T1. putco bus rank     
T2. 7th street informal taxi rank   
T3. bazaar st. informal taxi rank   
T4. belle ombre train station 
T5. belle ombre bus stop 
T6. belle ombre taxi rank 
T7. Jerusalem street taxi rank

MOVEMENT
M1.Es’kia Mpahlele rd   
M2. Paul Kruger Street  
M3. Boom Street
M4. Train loop

ACCESS
A1.Es’kia Mpahlele   
A2. Boom Street 

EDUCATION
E1. TUT campus   
E2. Pretoria Zoo   
E3. Secondary School

HERITAGE
H1. Old Church   
H2. Begrafplaats
H3. Jerusalem Road   

RIVERS
R1. Apies River   
R2. Steenhovenspruit
R3. Skinner Spruit

OTHER
O1 Municipal power grid
02 Daspoort Ridge

(author’s compilation, 2013)

Figure 4_22
Urban Influences, (Author, 2013)
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a. drum screen
b. grit chamber
c. primary settling tanks
d. process dams
e. secondary settling tanks
f. chlorination & distribution
g. uv treatment
h. maturation ponds
i. return to apies river

48 Ml water per day
WESTERN PLANT

1. inlet (waste from PTA west&CBD)
2. screen: large inorganic waste removed
3. grit chamber: sand/silt/clay removal
4. primary settlement tanks
5. biofi lters (nitrif ication&denitrif ication)
6. secondary settling tanks (humus 
tanks)
7. chlorination point (e-coli treatment)
8. maturation pond
9. UV radiation
10. return to Apies river

8 Ml water per day
EASTERN PLANT

i.  primary settling tanks
ii.  primary digestors
ii i.  secondary digestors
iv. sludge retention pond
v. furnace (methane gas)
vi.  drying beds
vii.  compostation plant

SLUDGE PROCESS

P R O C E S S E S
+S I TE  LAYOUT

D a s p o o r t
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Figure 4_23
Daspoort Sewage Works (black 
outline) as it exists currently.  
The Sewage woks processes are 
mapped on  the opposite page; 
making it clear that the site holds 
much redundant infrastructure. 
(Author, 2013)
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Figure 4_24
INDUSTRIAL HABITAT

Nature is cautiously making its reappear-
ance in the rusting industrial landscape: 
here and there, trees are growing inside 
buildings, and birdlife occurs in screeching 
abundance in the unused water tanks and 
channels. 

Images of Daspoort taken on site visits.
(Author, 2013)

P R E S E N T - D AY
D A S P O O R T
nature  resurfaced
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T I M E L I N E
fo l low the threads  of  h is tor y

History is understood as a living system intercon-
nected events, with each action resulting in unex-
pected, often overlooked consequences elsewhere. 
>>The butterfly effect of  time. 
Constructed by author using Grobbelaar (2010), Els 
(2013), Holm (1989), Jenkins (1955) and Jordaan 
(1898).

As this wave of  memories flows in, the city soaks it up 
like a sponge and expands. A description of  (the city) 
as it is today should contain all of  its past. The city, 
however, does not tell its past, but contains it like the 
lines of  a hand, written in the corners of  the streets, 
the gratings of  the windows, the banisters of  the 
steps, the antennae of  the lightning rods, the poles of  
the flags, every segment marked in turn with scratches, 
indentations, scrolls. 
Cities and Memories, from Invisible Cities
Italo Calvino (1974:9)

+
 

 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



4.37

1800’s 1830’s 1850’s 1860’s 1870’s 1880’s

1800’s
Ndebele’s settle 
at Daspoort

1836
Daspoort named by 
“Potgieterpatrollie.’ 
(Name chosen as a 
combination of local 
fauna and geography

1853
WM Pretorius buys Eland-
spoort & Daspoort farms 
and decides to establish a 
town

1855
Pretoria established

1858
First open water furrow sys-
tems laid out along Cardu 
Deccumanus (grid) in CBD, 
and run from Fountain’s Val-
ley to the Daspoort/Apies 
connection

1860’s
Continued complaints 
about  lack of sanita-
tion and concern for 
health risks surround-
ing water furrows: fur-
rows submerged under 
ground.

1867
Schoolplaats estab-
lished as first “native 
location” by the Berlin 
missionary society

1877
First Boer War breaks out.

1870
Chief Maraba sets up 
kraal to the west of 
Steenhoven Spruit, be-
low Daspoort Ridge

1888
Black ‘natives’ flood to 
Pretoria with goldrush. 
Schoolplaats becomes 
overpopulated, and ‘Mara-
bastad’ is established 
at local chief ‘Maraba’s’ 
kraal. (under Daspoort 
ridge next to the Apies 
river)

1880
Gold discovered at Wit-
watersrand >> Massive 
urban expansion. 
+ 3000 population

1885
Laws passed restricting 
Indian property owner-
ship; Bazaars established 
for nonwhite trade.

1839
First white settlers in 
Pretoria valley
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1900

1890’s 1900’s 1910’s 1920’s 1930’s

1890
Bopedi missionary church 
constructed in Marabastad 
by “Sendeling Winter””

 Black refugees stream to 
Pretoria; insufficient space 
in Schoolplaats/Marabastad
New Marabastad develops
+ 17000 whites in Pretoria
+ 2500 Marabastad

1912
Sewage works planned 
near Daspoort/Apies river;
600 erven in Old Marabas-
tad relocated.

1920
Channelisation of Steenhoven 
Spruit.

Completion of sewage works; 
Old Marabastad disappears 
completely
+45000 whites
+6000 people in Marabastad

1923
Natives Act passed.
Black citizens relocated 
to demarcated locations.

1933
Expansion of Daspoort 
Sewage Plant

1925
“New Marabastad” officially 
founded as township

1934
Slums Act passed.
Schoolplaats/Old Marabas-
tad remnants declared slum.
Schoolplaats inhabitants 
moved to New Marabastad

1938
New road through Daspoort 
constructed; parts of Mara-
bastad demolished/discon-
nected from Skinner Spruit.

1892
“Coolie location estab-
lished south of Marabas-
tad to house couloured 
people. Jerusalem rd con-
nects townships.

1899
Anglo Boer War
+ massive influx of refu-
gees to Pretoria

1903
Increased population require 
services; Waterworks estab-
lished by government

1913
Daspoort Sewage works 
established.
+Water users = 49000

1904
HD Babcock submits first 
plans for a sewage reticula-
tion & treatment works
+ 36700 population

1905
Schoolplaats&Marabastad 
consilidated into a single 
“black” township

1909
Channelisation of Apies 
river after 3 drownings due 
to floods.

1914
Activated sewage process 
invented in Europe

1918
All homes in Old Marabas-
tad demolished
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1940’s 1950’s 1970’s 1980’s 1990’s 2010’s

1942
New Pretoria West Power 
Station constructed; West-
ern industrial area develops

1940
Black inhabitants relocated 
to Atteridgeville.

1950
Group Areas Act passed
Last black members of 
Marabi community moved 
to Atteridgeville.

1970
Last Indian inhabitants in 
Marabastad relocated to 
Laudium

1988
Bel Ombre Train Station 
constructed, intended to 
serve non-whites exclu-
sively and connect CBD 
to SOSHANGUVE

1994
Democracy
ANC becomes rul-
ing party.

1995
New Constitution 
abolishes discrim-
inating laws

2013
Centenary year of 
Daspoort Waste Wa-
ter & Sewage Plant 
construction.

1975
Activated sludge treat-
ment implemented at 
Daspoort; Western sec-
tion of sewage plant 
constructed. 

1980
Last remaining residents 
of Marabastad displaced.

1986
Asiatic Bazaar concep-
tualised

1945
WWII

Native Resettlement Act

1952
“New Towns Scheme” 
plans for industrial devel-
opment towards  Pretoria 
Western extension; ex-
tension of railways.

1955
New Marabastad demolished   

1948
Research facilities and 
Water laboratoriums de-
velop at Daspoort Plant.

National Party comes into 
power.
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D A S P O O R T
the  va lue  of  the waste land

4.6

By introducing an additional industrial system 
to the Daspoort context, this ‘wasteland’ may 
become a valued, productive hybrid environ-
ment – shifting the cultural bias of  waste and 
waste treatment spaces towards that of  indus-
trious, valuable parts of  21st century existence.

The Textile Mill (as program) may be inte-
grated with the Daspoort site in the following 
ways:

1. Water
Water is plentiful at Daspoort: Each day, near-
ly 60 Ml of  water moves through the site, and 
is returned to the Apies River. (Els, 2013:per-
sonal communication). By redirecting treated 
waste-water to the Mill, these excess amounts 
of  non-potable water may be used in textile 
production processes, as irrigation, and to 
generate hydro-power, and to cultivate algae. 
Algae cultivated in Daspoort water would also 
remove nutrients in the water before it is re-
turned to the Apies River, reducing current 
issues of  eutrophication. (Olgae, 2013:online)

2. Waste
The sewage treated at Daspoort also yields 
useable effluent, including methane gas, steam, 

and sludge-based compost (containing Ammo-
nium, Nitrogen and Phosphorous) Els, 2013: 
personal communication) By introducing a 
textile mill to the site, these wasted effluents 
become valuable resources: Methane gas and 
organic waste may be incinerated for power 
and heat generation, as many of  the textile 
production processes require open flames, 
steam and heat to function.

3. Wastelands, Space & Social Environments 
By proposing a textile mill in proximity to a 
degenerated urban environment such as Mara-
bastad, the ensuing architectural system would 
create job opportunities and generate the ener-
gy necessary for informal trade. A Mill would 
also provide craft-based education, catalysing 
the creation of  other micro-industries in the 
greater Marabastad region. This will impreg-
nate the township with new cultural identity, as 
textile craft provides the opportunity to mani-
fest cultural expression in physical objects.
In addition, the symbiotic placement of  pro-
ductive industrial functions alongside that 
of  the waste treatment currently happening 
at Daspoort may change the cultural predis-
positions towards urban ‘wastelands’ such as 
Daspoort.

4. Ecological systems & Tainted nature
Essentially, Daspoort may be categorized as a 
brownfield site: only a fraction of  the exten-
sive land is actively used in waste treatment, 
leaving the rest of  the site littered with latent, 
slowly decomposing infrastructure. Nature is 
cautiously making its reappearance among the 
rusting landscape: here and there, trees are 

growing inside buildings, and birdlife occurs 
in screeching abundance in the unused water 
tanks and channels. 

Despite the slow return of  natural organisms 
in the absence of  industrial activity, the site 
has suffered considerable ecological damage: 
Water treated at Daspoort has led to pollu-
tion and eutrophication of  the Apies River, 
and the upstream channelization of  the Apies 
River and Steenhovenspruit has resulted in ir-
regular water flow at Daspoort, causing wide-
spread erosion of  the river edge.  In an ef-
fort to combat erosion, governmental plans 
are in place for bankside reparation through 
channelization or gabion structural support. 
However, this will lead to the destruction of  
natural river sections (and therefore the loss 
of  natural habitat). The introduction of  a liv-
ing architectural ‘machine’ at Daspoort may 
regenerate the site’s degraded ecology to form 
a productive, systemically driven environment 
– a ‘programmed’ symbiosis between ecology 
and industry. By generating the Mill’s architec-
ture so that the built fabric forms habitat for 
other organisms, the Mill becomes hybridized 
nature: The textile industry’s water-driven pro-
cesses may therefore form usable spaces for 
bird-and aquatic life, as well as for people.
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  D A S P O O R T  P L A N T

INDUSTR IA L 
EC OLOGY

c o n t e x t - d r i v e n
4.7 Figure 4_25 (Author, 2013)
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an  u rban  jou r ney
Marabastad > Daspoor t

Figure 4_26 (Author, 2013)
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The Daspoort site has an ideal urban location 
and proximity, valuable natural- and effluent re-
sources, and has untapped cultural heritage and 
potential social energy. This urban wasteland 
has the potential to become a vibrant inner-city 
node. 

By introducing a hybrid textile industry to this 
forgotten urban space, a new urban and cultur-
al identity may be established for Marabastad 
which could reconnect Marabastad to its lost 
origins and regenerate the site, township and 
surrounding CBD as integrated, socio-ecologi-
cal urban environments.

By recognising nature as a productive system 
and understanding the inherent value of  waste, 
a mutually beneficial relationship could poten-
tially be established between the existing sew-
age plant and the proposed textile mill. 

The reclamation of  an urban wasteland for pro-
ductive, social and natural benefit would gen-
erate a new, 21st century industrial typology: 
architecture as a living machine. 

M U LT I - S C A L E 
V I S I O N
Pretoria, 
Marabastad, 
Daspoort

4.8
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5.1

1

U R B A N  V I S I O N 5
Chapter 5  is the exploration of  a New Marabastad: an 
urban vision is proposed which builds on the analy-
sis of  current contextual conditions and proposes the  
re-population of  the  ‘wasteland’ between the Apies 
River and Marabastad. With the larger contextual vision 
in place, a more in-depth vision is proposed  for the 
Daspoort site precinct.

r e c l a i m i n g  a n  u r b a n  w a s t e l a n d
[ r e - i m a g i n i n g  M a r a b a s t a d ]
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5.2

By exploring the chosen context on various 
levels (including Macro: Pretoria CBD, Micro: 
Marabastad, and direct site context: Daspoort), 
the site and surrounding context was reimag-
ined according to a regenerative, multi-scaled 
Urban Vision. In this vision, the Daspoort 
Sewage Plant has the potential to become a 
vibrant inner-city node, which addresses the 
contextual issues and opportunities on social, 
environmental, and industrial levels.

For the purpose of  the dissertation, the area 
of  intensive urban focus was restricted to the 
chosen site (Daspoort sewage plant) and the 
existing northern section of  Marabastad, with 
borders taken as the Apies River green belt to 
the north, the Steenhoven Spruit to the east, 
Boom Street (in Marabastad) to the south, and 
Es’kia Mphahlele Causeway (previously DF 
Malan) to the west. 

F O C U S
a r e a  o f
5.1

The proposed urban vision has three main 
aims: 

1. Redefining the socio-cultural identity of  a 
degenerated urban environment, focusing on 
the greater Marabastad region.

2. The exploration of  21st century ‘waste-
lands’ (municipal sewage plants) as productive 
urban space, focusing on the Daspoort Sewage 
& Waste Water Treatment Plant Precinct.

3. The ecological regeneration of  ‘lost’ ur-
ban ecologies such as the Apies River green-
belt –focusing on the chosen site, located on 
Daspoort next to the Apies River.

I N T E N T
u r b a n
5.2

Figure 5_1
Diagrammatic noli of ur-
ban framework with site 
indicated by black circle. 
(Author, 2013)
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5.3

The proposed urban exploration attempts to 
repopulate Marabastad’s demolished urban 
tapestry and redefine the township’s identity as 
a productive, ecologically integrated, culturally 
expressive community. Through sporadic, yet 
connected interventions, a new layer of  cul-
tural history may be woven.

re-imagining Marabastad
U R B A N  V I S I O N5.3
Figure 5_2 (Author, 2013)

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



5.4

The frequent and aggressive urban demolitions suf-
fered by Marabastad over years of  its existence, 
are possibly the primary reason for the township’s 
decline: Today, less than a third of  Marabastad re-
mains. Yet what is lost is not just its physical struc-
ture, but also the ties to its historical origins, its 
spaces of  trade and social interaction, and its con-
nection to the surrounding natural environment. 

The Bel Ombre station and train loop resulted in 
some of  the most severe demolition and discon-
nect, destroying the last remaining sections of  Old 
Marabastad, and forming an impenetrable barrier 
of  tracks between Marabastad and its Apies River 
origins. 

However, a 2013 governmental urban frame-
work, has proposed the decommissioning of  the 
train loop as part of  an inner-city redevelopment 
scheme. In the new proposal, the existing train loop 
is replaced by a single-track system, which opens up 
a large portion of  urban space between Marabas-
tad and Daspoort. (Arup, 2013:109-114) By using 
this governmental proposal as a starting point for 
Marabastad’s urban regeneration, the Mill’s urban 
vision follows the assumption of  the closed train 
loop, and returns the space once used for trains to 
Marabastad’s people. 

The train loop(hole)
5.3.1

Figure  5_3
(r ight)  A rup  urban f rame-
work  (Arup,  2013)

Figure  5_4
(be low)  C losed sect ion 
of  t ra in  loop  ind icated  by 
dash l ine  (Author,  2013)
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5.5

By repopulating the urban wasteland be-
tween Marabastad and the Apies river (in-
cluding the train loop and the reclaimed 
Daspoort site), Marabastad’s densities and 
urban growth may once again reach the 
critical mass necessary to regenerate this 
forgotten, yet potentially vibrant commu-
nity. The repopulated urban areas are in-
terspersed with different spatial programs 
(including residential, commercial, light in-
dustrial, educational, recreational, agricul-
tural and ecological) in a single, integrated 
urban structure.

Figure  5_5
Or ig ina l  u rban gra in 
of  Marabastad (Au-
thor,  2013)

Figure  5_6
Nol i  map of  u rban 
v is ion .  (Author, 
2013)

Figure  5_7
R e d e n s i f i c a t i o n 
of  the  t ra in  loop 
(author,  2013)

Re-densify
5.3.2
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5.6

The reduced presence of  the train loop pro-
vides opportunity for further regenerative in-
fluence: By re-establishing Jerusalem road (his-
torically the main connecting route between 
Marabastad, the Asiatic Bazaar and Coolie Lo-
cation) as an urban corridor, Marabastad may 
breach its tracked confines and reconnect with 
its historical origins - the Daspoort site (now 
hybrid textile mill) and the Apies River cor-
ridor. 

The proposed Jerusalem Route also unites 
different energies present in Marabastad, 
Daspoort, and the Apies River corridor. By 
slicing through and connecting these diverse 
landscapes, spaces of  transport, trade, tour-
ism, industry, waste, recreation and river ecol-
ogy are interlinked. 

Instead of  a single, linear passage, the Jeru-
salem route is pocketed with small squares of  
varying programmatic intent – places to pause 
and experience Marabastad’s newfound iden-
tity.  These squares, which are reminiscent of  
the ‘lost’ squares of  historical Marabastad will 
acquire programmatic value from their shifting 
context. As you move along the Route, square 
activity will vary from tourism and heritage 
(surrounding the mosque, the Bazaar, and the 
old church at Daspoort) to spaces of  trade and 

social interaction (along Boom Street, Belle 
Ombre, and the Mill) to spaces of  industry and 
cultural production (ranging from the existing 
micro-industries in Boom Street to the newly-
established industrial pockets in the Maraba 
Mill precinct.) 

As a largely pedestrian movement route, the 
Jerusalem passage connects the characteristic 
urban energy of  Boom Street with the com-
mercial and trade energy surrounding Belle 
Ombre and the Asiatic Bazaar, and continues 
northwards to link a series of  proposed trade 
squares which eventually lead up to the new 
textile Mill at Daspoort.  Like the original Je-
rusalem Road, the new route terminates on the 
Daspoort site, at the Apies River (near the lo-
cation of  the old missionary church.) 

Memory & Movement
5.3.3

Figure  5_8
New Jerusa lem Route 

(Author,  2013)

Figure  5_9
Or ig ina l  Jerusa lem 

Route  (Author,  2013)
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5.7

P R O P O S E D  S I T E  O F  T E X T I L E  M I L L

C O M M E R C I A L

L I G H T  I N D U S T R I A L / P R O D U C T I O N

I N S T I T U T I O N A L

T R A N S P O R T

R E S I D E N T I A L

W A T E R  U S E D  I N  I N D U S T R Y

g r e e n i n g

P R O P O S E D  S I T E  O F  T E X T I L E  M I L L

‘ W I L D ’  G R E E N  S P A C E

F O O D  C R O P S

F I B R E  C R O P S

R E C R E A T I O N A L  G R E E N  S P A C E

W E T L A N D

The repopulated urban areas are in-
terspersed with different spatial pro-
grams (including residential, com-
mercial, light industrial, educational, 
recreational, agricultural and eco-
logical) in a single, integrated urban 
structure. (author, 2013)

Zoning5.3.4Figure  5_10
(Author,  2013)

Figure  5_11
(Author,  2013)

s u g g e s t e d  u s e
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5.8

As the route moves past the old 
church at Daspoort (the last physi-
cal remnant of  Old Marabastad), the 
small religious structure is celebrated 
as a heritage artefact. The presence of  
the church as place-making element 
fosters a physical connection to the 
inherent metaphysical, memory-based 
relationship between Daspoort and 
Marabastad. It is here, surrounding 
the location of  the church, at the final 
termination of  the Jerusalem route, 
where the proposed site for the Mill 
is located. 

meet ing
S I T E5.4

Figure  5_12
Urban V is ion  with  s i te 

ind icated  by  c i rc le .
(Author,  2013)
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5.9

n e w  u r b a n  g r a i n
N O L I5.5

Figure  5_13 (Author,  2013)

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



5.10

Although the sewage works is still in opera-
tion, less than half  of  the site is actively used 
for waste treatment. The rest of  the expan-
sive property is littered with a century worth 
of  abandoned or ineffective infrastructure. By 
understanding the operational waste treatment 
processes at Daspoort, potential places of  in-
tervention were identified.  

At present, there are two separate and large-
ly independent water treatment systems at 
Daspoort, which are connected by a central 
sludge treatment system:  The eastern section 
of  the site still uses dated bio-filtration treat-
ment, and most of  its 1913 infrastructure is 

still operational. However, the infrastructure 
is scattered across more than half  of  the ter-
rain, and is grossly ineffective – treating only 
8 Kilolitres of  water per day. The western sec-
tion of  the site uses newer aeration techniques 
and infrastructure which take up less than a 
third of  the Daspoort site, yet treats more than 
48Kilolitres of  water daily.  The western tip of  
the site is therefore 5 times more effective at 
waste treatment, and uses half  the space of  the 
original infrastructure. 

The urban vision therefore proposes the relo-
cation of  a few key waste treatment process-
es (e.g. the balancing tanks, drying beds, and 

In addition to the closing of  the train loop, 
the Daspoort sewage works requires some 
restructuring before the urban wasteland be-
tween Marabastad and the Apies River nay be 
reclaimed.

redefining Daspoort

P R E C I N C T 
P R O P O S A L

5.6

shifting sewage
relocating Daspoort

5.6.1

primary digesters – which are currently in the 
centre of  the site) to the western end of  the 
site, so that the western section of  the prop-
erty remains dedicated to sewage treatment, 
while the central and eastern parts of  the site 
are reclaimed for Marabastad’s urban expan-
sion and the development of  the textile mill.

In addition, the urban vision proposes the re-
use of  latent resources produced by the sew-
age treatment processes - eg the methane from 
digesters & steam from the furnaces – to gen-
erate biopower, which could provide energy to 
the newly repopulated Marabastad.
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5.11

D A S P O O R T
reconf igurat ion s t ra teg y

1 .  c u r r e n t  s i t e  l a y o u t

2 .  a b a n d o n e d  +  i n e f f e c t i v e 
i n f r a s t r u c t u r e

3 .  s e w a g e  p l a n t  r e l o c a t e d  t o 
w e s t e r n   s e c t i o n  o f  s i t e

[ p o t e n t i a l  f o r  r e c o n n e c t i o n ]

Figure 5_14
Reconfiguration of Daspoort, with the 
Sewage plant relocated to the western 
part of site, leaving the eastern and 
central part of the site open for rede-
velopment by the Mill scheme. 
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H e r i t a g e
C u l t i v a t i o n
Wa t e r

With Sewage Treatment shifted towards the western 
section of  Daspoort, the eastern section of  the site is 
reclaimed as a productive urban environment. 
However, much of  the infrastructure on the site is near-
ing 100 years in age and therefore carries industrial her-
itage value. A great deal of  the infrastructure is also 
still operational. The site strategy therefore proposes 
that the existing infrastructure on site is not demol-
ished, but is retained and integrated as part of  the new 
urban fabric:

reprogramming
industry

5.6.2

The abandoned train tracks now define an urban route 
through the new township, connecting outlying regions 
of  the site with Belle Ombre station. The abandoned 
furnaces are reprogrammed as community centres and 
religious buildings, their chimneys becoming prominent 
landmarks in the new urban corridors. The concrete wa-
ter channels are re-used for agriculture, aquaculture, and 
as planters for decorative vegetation. With minor altera-
tions, the settling tanks, bio-filtration ponds and drying 
beds are re-structured as cultivation spaces for urban ag-
riculture and fibre crops for the Mill. Consequently, New 
Marabastad and the Mill re-adapt the existing structures 
on site, celebrating Daspoort’s memory while imposing 
new layers of  urban meaning on the industrial landscape. 

Figure  5_15
Site infrastructure re-used 
for fibre cultivation and 
water retention (Author, 
2013)
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5.13

P e d e s t r i a n
Ve h i c u l a r
A p i e s  R i v e r

As mentioned, Jerusalem Road is re-activated as a 
main movement route connecting Marabastad to the 
Daspoort site and the Apies River. This route forms a 
pedestrian artery linking the energy in Marabastad to 
the proposed Mill Precinct at Daspoort. Trade and so-
cial activities will flow along the route, with a final trade 
and event square at Daspoort integrating the Jerusalem 
Route with the Mill itself. As Jerusalem road meets the 
river edge, it dissolves into smaller trails which meander 

movement
& Marabastad

5.6.3
in the shadow of  the Daspoort Ridge and encourage rec-
reational activities such as hiking, bird watching, fishing, 
and picnicking beside the river.

In addition to pedestrian access, the Mill requires ve-
hicular access to its site – for tourists, mill employees, 
deliveries and waste removal. For this reason, an existing 
ring road on the Daspoort site is divided into two sepa-
rate parts: the one half  of  the road becomes a visitor’s 
entrance, and terminates in a public parking space near 
the Mill’s main public corridor. The other half  of  the 
road becomes a service road, and connects the western 
sewage treatment site with the Mill’s back-of-house, so 
that waste can easily be transferred between the indus-
trial digesters and the Mill. The road is accessed from a 
new proposed entrance on the western side of  the site. 

Figure  5_16
Existing roads re-used for vehicular 
movement; Jerusalem Road re-estab-
lished for pedestrian movement (Au-
thor, 2013)
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When dealing with wasteland such as Daspoort Sewage 
Works, smell is an inevitable contextual consideration. 
Yet contrary to popular belief, sewage plants gener-
ally do not have unpleasant smells, as modern treat-
ment technologies (such as closed digester systems) 
and natural filtration systems (such as sub-surface flow 
wetlands) largely eliminate unpleasant odours.  On a 
normal day, the site would, at worst, smell ‘earthy.’ (Els, 
2013: personal communication)

Ol(factory)
5.6.4

However, as the textile precinct is intended as a space for 
people, the site strategy takes additional precautions to 
reduce the possibility of  unwanted scents in public spac-
es: Sludge digesters are relocated on the western border 
of  the site, and spatial planning of  the textile mill itself  
places odorous textile processes (particularly retting and 
dyeing) as a barrier between the sewage plant and the 
building’s social spaces. Furthermore, fragrant dye plants 
and food-related agriculture is planted between the sew-
age plant and the Mill to act as a living, productive ‘odour 
filter.’

Figure  5_17
Planted odour barriers merge with 
wild river growth, (Author, 2013)
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5.15
f u l l  s i t e  v i s i o n :

M i l l  p r e c i n c t
( a u t h o r ,  2 0 1 3 )

Figure  5_18
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5.16

&  p l a c e s
5.7 N A M E S

Figure  5_20 
(Author, 2013)
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5.17
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5.18

&  v i s i o n  p r o c e s s
( a u t h o r ,  2 0 1 3 )

5.8 M O D E L S

Figure  5_21 Mapping  of  u rban resource  exchanges (Author, 2013)

Figure  5_22 Urban gra in  & density  stud ies  (Author, 2013)
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Figure 5_23
Model study of new urban grain 
& density. The proposed site is 
indicated by the circle; The scale 
of Daspoort Ridge is visible in 
the background. (Author, 2013)
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Now, in between the fragments of  transport 
and infrastructure, a New Marabastad appears. 
It feeds off  the productive energy emitted by 
the new textile mill and captures the daily ex-
odus between Belle Ombre and the CBD. It 
grows. 

This Marabastad slips into the existing land-
scape: It folds around power lines and uses 
their presence as a green route; it embraces the 
memory of  the old train tracks, - but instead 
of  trains, they now move people. 

This Marabastad remembers its roots by fol-
lowing the same paths of  patrons long ago. Yet 
although Jerusalem Road’s position remains 
the same, its experience is very different: Far 
from connecting different racial locations, the 
route now connects Marabastad’s people to a 
culture of  creativity and production, to their 
own waste, and to the intrinsic natural ecology 
which, like Marabastad, has been forgotten for 
too long.

As you move along this route, the landscape 
shifts around you: 
Here, traders and tourists meld with taxis and 
trains in a mass of  frenzied activity. 
Here, craftsmen and artisans portray produc-

meeting the Mill

I M A G I N I N G 
M A R A B A S T A D

5.9

tive skill and peddle crafted goods. 
Here, a wasteland comes alive as moving mech-
anisms mingle with the varicoloured splendour 
of  dye and an otherworldly image of  countless 
cloths, flapping in the breeze. 

The odorous site does not remind you of  
waste, but of  life.

As you reach the river, the screech of  a distant 
bird breaks into the murmuring splash of  hy-
drologic machines. 

In the distance, a small stone church, en-
wrapped in a vibrant shower of  dyed drapery, 
speaks of  long ago, and of  right now: This 
Marabastad spins invisible threads between 
forgotten histories and the spaces of  today. 

This Marabastad is a living machine.

Figure 5_24 Present-day Marabastad (Author, 2013)
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Figure 5_25
Re-imagining Marabastad. De-
piction of Jerusalem Route, 
with trade, craft and new urban 
movement. (Author, 2013)
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6.1

1

S I T E
contextual close-up 6

Chapter 6 is an exploration of  the Mill’s direct context.  
The site is analysed in terms of  existing architectural 
fabric (Marabastad artefacts and Daspoort infrastruc-
ture), and strategies are discussed for the re-scripting of  
the existing in relation to the new Mill. As the site bor-
ders the Apies River, a flooding strategy is proposed, 
which responds to with the spatial layout of  the Mill.
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6.2

1  J e r u s a l e m  R o u t e
2  O l d  C h u r c h
3 .  I n d u s t r i a l  S t r u c t u r e s
4 .  D a s p o o r t  S e w a g e  ( r e l o c a t e d )
5 .  A p i e s  R i v e r

The site chosen for the Mill is the final termination of  
Jerusalem Route, at the Apies River. As the site is bor-
dered by Jerusalem Route, the Mill will have a defined 
urban edge and a link to Marabastad, providing the en-
ergy necessary to establish public urban spaces in and 
around the building. 

The chosen site also includes various layers of  archi-
tectural heritage and memory, as it encompasses the old 
church and homestead, the memory of  Jerusalem road, 
and various forms of  industrial artefacts, including two 
balancing tanks, two anaerobic digesters, a water furrow, 
and pump infrastructure which form a direct connec-
tion with the sewage plant. As it is located centrally in 
the Daspoort precinct, the site is close enough to the 
relocated Daspoort Sewage Works so that resource ex-
changes could take place between the Mill and the sew-
age plant (such as re-using water from Daspoort for 
dyeing purposes). In addition, the chosen site is located 
sufficiently close to the drying beds and bio-filtration 
ponds which, (as part of  the precinct proposal), have 
been reprogrammed as spaces for fibre plant cultivation. 

In addition to its pedestrian accessibility from the Jeru-
salem route (and its inherent proximity to public trans-
port such as Belle Ombre), the site has vehicular access 
from the proposed ring road in the Daspoort precinct 
plan.

Finally, the chosen site is located on the edge of  the 
Apies River, allowing the Mill to integrate with this eco-
logical system and establish a mutually beneficial rela-
tionship with its riparian environment.

3

3

3

3

3

1

4

2

4

5 a multi-layered location
S P E C I F Y I N G  S I T E6.1

Figure  6_1 
(Author, 2013)
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6.3

l a y o u t

D

A

B

C

FF

A1

B1

B2

B3

C3

C4

C1

D1

D1

D2

C2

E1

E2

A2

S I T E

6.3.1 MARABASTAD HERITAGE
A1  miss ionary  church 
A2  miss ionary  homestead
B1  je rusa lem route
B2  water  fu r row

6.3.2 INDUSTRIAL ARTEFACTS
C1  d igester  #5
C2  d igester  #6
C3  pump house
C4  fu rnace
D1  ba lanc ing  tanks
D2  conveyor  be l t 

6.3.3 PERIPHERAL STRUCTURES
E1  b io - f i l te rs 
E2  sett l ing  tanks
F   d ry ing  beds

E

Figure  6_2 
(Author, 2013)
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6.4

E

a n a l y s i n g  h e r i t a g e 
&  a s s e s s i n g  v a l u e

ful l  panorama,  (author,  2013)

A    church  & homestead
B   water  fu r row & je rusa lem rd
C   d igesters
D   ba lanc ing  tanks
E   b io - f i l te rs  & sett l ing  tanks
F   d ry ing  beds

The Daspoort site is littered with abandoned structures and industrial artefacts. In order 
to insert a textile mill into this industrial landscape, existing structures were assessed 
in terms of  function, heritage value, and potential to be re-scripted as part of  the new 
Mill precinct:

Figure  6_3
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C D FA

S I T E
r e - s c r i p t i n g
6.2

B
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6.6

C2 D2D1

A1  miss ionary  church 
A2  miss ionary  homestead
C2  d igester  #6
D1  ba lanc ing  tanks
D2  conveyor  be l t 
F     d ry ing  beds

v i e w  f r o m 
J e r u s a l e m  R o u t e
(Author,  2013)

Figure  6_4
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6.7

C1 A2 A1 F
demol ished 

August  2013

forgotten heritage

R E M E M B E R I N G
M A R A B A S T A D

6.2.1
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6.8

t h e  l a s t  r e m n a n t s 
o f  m a r a b a s t a d

C H U R C H  &  H O M E S T E A D
6.2.1  [A1, A2]

Description & Function

The old missionary church and its accompanying 
homestead are simple, one-story structures construct-
ed from regional koppie stone. Both structures have 
been altered, and are somewhat derelict.
The buildings have a secular origin as part of  the 
Belgian Missionary School’s influence in Marabastad 
and Schoolplaats (c. mid-1880). At present, they stand 
empty and are only occasionally used as temporary 
storage spaces. 

Heritage Value

Both structures are more than a century old and have 
considerable heritage value. The architecture pre-
serves a lingering connection to Marabastad as the 
the last remaining artefacts which bear witness to the 
township’s origins. As the buildings were constructed 
in the late 1800’s, they are protected by the National 
Heritage Act.

The church and homestead have suffered several in-
sensitive alterations, receiving new steel roofs and new 
entrances. A southern wing has also been added to the 
church, breaking its original east-west axis. 

Mill Re-scription

In the spirit of  cultural authenticity (Ename Charter, 
2008: principle 4), the interpretation and presentation 
of  cultural heritage sites must be faithful to the origi-
nal heritage structure. For this reason, later structural 
additions to the church are demolished to restore the 
building’s original architectural intention and religious 
axiality. 

In order to emphasize the church’s historical signifi-
cance, the building is separated from the Mill’s struc-
ture and footprint, and is expressed as an object in 
the landscape, enfolded and isolated by a surrounding 
water pool.

In accordance with the Ename Charter (2008: princi-
ple 1), cultural heritage sites such as the old church 
must encourage physical and intellectual accessibility 
by the public. The interpretation and presentation of  
such a cultural heritage site should also relate to its 
wider social, cultural, historical and natural context 
(Ename Charter, 2008: principle 3). As the church is 
located next to Jerusalem Route, the building is made 
publicly accessible with a new eastern entrance. 
The new entrance is contrasted with the existing 
structure by relating architecturally (and materially) to 
the Mill.

The altered structures are re-programmed as public 
bird viewing spaces (to relate to the surrounding eco-
logical context) and the drying of  dyed cloths from 
the textile mill occurs overhead. The dye raining down 
from the cloths will imprint a new layer of  contex-
tual narrative on these heritage structures, connecting 
them to their current context while celebrating their 
historic past.
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6.9

the o ld
miss ionar y 

church
( author, 2013)

new stee l  roof

new 
southern wing

Figure  6_5
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6.10

Black lines indicate the original structure, red indicates 
later alterations. The church has been periodically al-
tered, so that only the walls of  the original structure re-
main. Its heritage significance is therefore largely related 
to its symbolism of  Marabastad’s forgotten heritage, and 
is not based on the structure itself.  (author, 2013)

s t r u c t u r a l  a n a l y s i s  o f  c h u r c h
Figure  6_6 (Author,  2013)
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c u r r e n t  c o n d i t i o n
the or ig ina l  church footpr int  i s  indicated in  b lack ; 
l a ter  a l terat ions  are  indicated in  red .  the  most 
d is turbing a l terat ion i s  the  southern wing ;  which 
breaks  the or ig ina l  eas t -west  ax ia l i ty  of  the church

a l t e r a t i o n  s t r a t e g y
remove insens i t ive  a l terat ions  and res tore 
or ig ina l  eas t -west  ax is  by  creat ing an new 
eastern entrance f rom Jer usa lem Route, 
which a l lows publ ic  access  into the bui ld ing.

Figure  6_7 (Author,  2013) Figure  6_8 (Author,  2013)
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6.12

windows:  pa inted 
over

doors :  new large  
entrance wi th br ick 
l inte l  on southern 

e levat ion

doors :  new stee l  door 
in  or ig ina l  entrance 

way

doors :  interna l  wal l s 
p ierced by new doors

windows:  f i re&water 
damaged

windows:
br icked over

W I N D O W S

D O O R S
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6.13

new roof : 
inter ior  v iew

new extens ion: 
southern e levat ion

new extens ion: 
eas tern e levat ion

new extens ion:  con-
nect ion ber tween new 

extens ion and o ld 
church

new roof : 
exter ior  v iew

new roof :
on or ig ina l  church wal l s

R O O F

E X T E N S I O N

Figures  6_9 (A l l  images taken by  Author,  2013)
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Black lines indicate the original structure, red indicates 
later alterations. Although the Homestead has suffered 
less alteration than the church, it is in a state of  disre-
pair which is potentially unsalvageable. The addition of  
a new brick wall and new roof  have cracked the original 
stone walls, leaving the building structurally unstable. 

The design strategy is therefore to leave the building as 
is, and allow nature to slowly reclaim the structure. This 
approach celebrates the ultimate ephemerality of  archi-
tecture, and alludes to the disappearance of  Marabastad.

a n a l y s i s  o f  H o m e s t e a d
Figure  6_10 (Author,  2013)
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6.15

the o ld
miss ionar y 
homestead
(Author,  2013)

Figure  6_11
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6.16

F U R R O W / J E R U S A L E M  R D .
6.2.1 [B]

Description & Function

The old stone furrow runs across the site alongside Je-
rusalem Route, connecting Marabastad and the Apies 
River. The waterway is used as a storm-water channel 
and emergency overflow for the water balancing tanks.

Heritage Value

The furrow may be part of  the original inner-city wa-
ter furrow system (which terminated in the Apies Riv-
er near the Daspoort) (Map-based speculation). Con-
sequently, this storm water channel may have formed 
part of  Pretoria’s original ‘sewage system’, and is more 
than 100 years old. 

Figure  6_12 
Locat ion  of  Jerusa lem Road
(Author ’s  compi lat ion ,  2013)

Figure  6_13
Exist ing  fu r row impregnated with  mulch  layers 
and geotext i les  to  create  stormwater  garden . 
(Author,  2013)

Mill Re-scription

As the element may have some heritage and cultural 
value, it is kept and functionally re-interpreted as part 
of  its new context and setting (Ename Charter, 2008: 
principle 3). The furrow is landscaped as a ‘green buff-
er’ alongside Jerusalem Route, which extends the Apies 
River green belt towards Marabastad. The functional 
value (and memory of  the water furrows) is celebrated 
by integrating the furrow in the storm water manage-
ment strategies of  the Mill.
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Daspoort  r i vers+fur rows (s i te  ind icated  by  c i r -
c le ,  je rusa lem road by  dotted  l ine)  (Author ’s 
compi lat ion  of  Daspoort  s i te  documents ,  2013)

Ex ist ing  cond it ion  of  fu r row (author,  2013)

Figure  6_15

Figure  6_14
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6.18

C1 E1

C1  d igester  #5
C4  fu rnaces
E1  b io - f i l te rs

v i e w  o f  
D i g e s t e r  5

Figure  6_16
(Author,  2013)
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6.19

C4 C4

I N D U S T R I A L
A R T E F A C T

6.2.2

Daspoort’s latent 
infrastructure
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6.20

F A2 A1

A1  miss ionary  church 
A2  miss ionary  homestead
D1  ba lanc ing  tanks
D2  conveyor  be l t 
F    d ry ing  beds

v i e w  o f  
D r y i n g  B e d s
&  B a l a n c i n g  T a n k s

Figure  6_17
(Author,  2013)
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D1 D2
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6.22

d i g e s t e r  5  &  6
p u m p  h o u s e
f u r n a c e s

D I G E S T E R S
6.2.2 [C1,C2]

Description & Function

Digesters 5 & 6 are circular, reinforced concrete dam-
like structures which are connected by a small central 
pump house. After a methane explosion in the late 
1980’s, digester 6 (eastern digester) lost its concrete 
cap, and has not been in use since. As a result, only di-
gester 5 is currently used as a back-up digester, and pro-
cesses surplus sewage solids to produce methane gas 
and nutrient sludge. It is therefore directly connected 
to the gas lines and furnaces on its western side (where 
it sends gas and performs heat exchanges). The digester 
is also connected via pipelines to the balancing tanks 
on its northern side, where it pumps processed nutrient 
sludge and excess water.

Heritage Value

The structures are older than 60 years, but have no sig-
nificant heritage or architectural value. However, their 
height and bulk lend them some prominence as ‘land-
marks’ on the site and the embodied energy and struc-
tural qualities of  their concrete construction are an as-
set. The small pump house (located between the two 
digesters) and furnaces (located on the western side of  
the digesters) are also not historically significant, but 
are infrastructure which may be re-used by the Mill.

Mill Re-scription

Both structures are integrated with the Mill’s footprint, and 
their ‘landmark’ quality is used as an introduction to the 
site and new building, when coming from Marabastad along 
Jerusalem Route.
The western (functioning) digester is reprogrammed as a 
water-storage tank, as it is already connected to Daspoort 
sewage works and may therefore receive the Plant’s waste 
water before it enters the Mill. The existing infrastructural 
connections between the digester, pump house, furnaces 
and balancing tanks is retained, and used to transfer wa-
ter between the different production processes occurring 
in the Mill.
The eastern digester is altered and reprogrammed as a small 
amphitheatre (both in reaction to its circular form and its 
lack of  roof)

Figure  6_18

Figure  6_19
(above)  cur rent  state  of  d igester 
& (be low)  a l tered  d igester  inte -
grated  with  Mi l l  (Author,  2013)
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Digester 5 plan & section
Pretoria City Council, 1985, edt by Author, 2013)

FLOWS & EXCHANGES

A: METHANE GAS produced in digester 
flows to boiler house and external furnaces 
(west), and heat is returned to digester (heat 
speeds up the digester process).

B: SLUDGE & WATER produced in digest-
er flows to sludge pits in the pump house, 
and is pumped to balancing tanks ( north) 
for holding. Sludge is subsequently returned 
to the digester for secondary processing.

A

A A&B

B

B

B

digester  5
western door

Figure  6_20

Figure  6_21

(Author,  2013)
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B

A

Figure 6_22 Pump house plan, elevation & section 
(Pretoria City Council, 1964)

B

B

A

C

A 
Figure  6_23 

Boi le r :  methane gas >> heat
(Author,  2013)

B 
Figure  6_24 

Sludge p i t :  l iqu id  storage
(author,  2013)

FLOWS & EXCHANGES

A: METHANE GAS produced in  the digester flows 
to the pump house and external furnaces (west), and 
heat is returned to digester (heat speeds up the digester 
process).

B: SLUDGE & WATER produced in digester flows to 
sludge pits at  the pump house, from where it is pumped 
to the balancing tanks (north) for holding. Sludge is 
subsequently returned to the digester for secondary 
processing.

b e t w e e n  d i g e s t e r  5  &  6
P U M P  H O U S E
6.2.2 [C3]
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6.25

GAS CONNECTION
Gas burners burn the methane gas produced on site by sewage 
digestors to produce heat.  The heat, in turn, is used to warm the 
digestors to speed up the digestion process. As a result, there is a 
gas pipe line linking the digestors and the furnaces. Steam is also 
produced by the burners, using water from the site.

2

1

Figure  6_25
furnace 1 :  methane gas burner

(author,  2013)

Figure  6_26
furnace 2 :  Surp lus  gas burner

(author,  2013)

Figure  6_27
Digester  & furnace gas l ine  p lan

(Pretor ia  C i ty  Couci l ,  1964)

m e t h a n e  g a s > > s t e a m & h e a t
F U R N A C E S
6.2.2 [C4]
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6.26 Figure 6_29
Balancing Tanks 
Engineer layout 

(Daspoort, 2013)

Figure 6_30
Balancing Tanks Re-scription (Author, 2013)

a n d  i n f r a s t r u c t u r e
B A L A N C I N G  T A N K S

6.2.2 [D1, D2]

Description & Function

The balancing tanks at Daspoort are two reinforced 
concrete dam-like structures of  approximately 60 m in 
length and 6m in depth, with varying widths. They are 
located between the central digesters and the church. 
The tanks form part of  the last phase of  sewage treat-
ment at Daspoort. The narrow southern tank is con-
nected by pump infrastructure to the digesters, and 
retains sewage sludge before it is transferred to the 
drying beds. The wider northern tank is connected to 
the bio-filtration and humus tanks, and holds filtered 
water before it is returned to the Apies River.

Heritage Value

The dams have no significant heritage value and lit-
tle industrial value, but the extant infrastructural con-
nections to the digesters/humus tanks are potentially 
useful. The reinforced concrete of  the tanks is also 
valuable as structural mass.

Mill Re-scription

Both balancing tanks are altered and integrated with 
the Mill footprint. As the structures border Jerusalem 
Route and are situated between the missionary church 
and the digesters, their structural mass is used to guide 
the structural footprint of  the Mill: essentially, the 
tanks form 6 meters of  excavated substructure and 
their re-use limits the Mill’s impact on the site and 
reduces the new building’s embodied energy and ma-
terial usage. The main body of  the Mill structure is 
therefore sculpted over these extant concrete blocks.
The balancing tanks’ capacity to store fluids and the 
extant infrastructural connections between the tanks, 
digesters and bio-filters is re-used by the Mill’s sys-
temic water movement.Figure 6_28 

Conveyor belt detail (Author, 2013)
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6.27

Figure  6_33
Access ladders  to  ba lanc ing  tanks ,  cast 

into  concrete  (Author,  2013)

Figure  6_32
Concrete  channel  edge deta i l 

(Author,  2013)

Figure 6_31
Underground channel connection between 

tanks & furrow (Author, 2013)

southern
balanc ing

tank

Figure  6_34

(Author,  2013)
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6.28

C1 C3 C2

C1  d igester  #5
C2  d igester  #6
C3  pump house
E1  b io - f i l te rs 
E2  sett l ing  tanks

v i e w  o f  
b i o f i l t e r s  &  d i g e s t e r s
( author, 2013)

Figure  6_35
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6.29

E2 E1

P E R I P H E R A L
S T R U C T U R E S

6.2.3

Daspoort’s latent 
infrastructure
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6.30

Peripheral Infrastructure 
(Pretoria City Council, 1958)

A2

A1

BI
a n d  s e t t l e m e n t  t a n k s

Settlement tank plan
(Pretoria City Council, 1978)

B I O L O G I C A L  F I LT E R S
6.2.3 [E1, E2]

Description & Function

Biological filters are circular dam-like structures which 
contain layered stone filters and central rotating me-
chanical arms. These structures are directly connected 
to Settlement Tanks, which are smaller concrete pond-
like structures which hold water before and after the 
filtration process. 
The original 1913 bio-filters at Daspoort are con-
structed from natural stone, with later additions built 
out of  facebrick. 
Bio-filters perform the primary treatment phase in 
older water treatment processes, but are not used in 
newer processes. As a result, many of  the structures 
on site are not used. 

Heritage Value

At nearly 100 years old, the original stone bio-filters 
are some of  the oldest structures on site. Their re-
gionalist design (use of  natural stone) and age imposes 
some heritage value on them, and they should there-
fore not be altered extensively or demolished. The lat-
er bio-filters (constructed mid-1950) hold less value. 
Mill Re-scription

The mechanical water-distribution of  the bio-filters is 
re-used for crop irrigation, and the bio-filters and set-
tlement tanks are therefore re-programmed as plant-
ing beds for fibre crops. The new function requires 
minor alterations to the existing structures with the 
removal of  internal gravel beds and introduction of  
access gates. 

Figure  6_36

Figure  6_37
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6.31

1913 s tone 
b iof i l ters
( Author, 2013)

Figure  6_38
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6.32

Figure  6_40
Dry ing  bed deta i l

(Author,  2013)

Figure  6_41
Dry ing  bed deta i l

(Author,  2013)

Dry ing  bed layout  p lan 
(Pretor ia  C i ty  Counci l ,  1940)

D R Y I N G  B E D S
6.2.3 [F]

Description & Function

Drying beds are spread out accross the site, and are 
shallow soil-filled cells separated by 230 facebrick 
walls with reinforced concrete buttresses. The beds 
are connected with intermittent effluent pipes, which 
capture and recycle water runoff. The drying beds are 
the final step in the sewage treatment process, and 
enclose processed sludge while it is sun-dried into a 
nutrient-rich compost-like substance.

Heritage Value

Despite being older than 60 years, the Daspoort dry-
ing beds have no significant heritage value, and may be 
altered. However, they are a source of  fertile nutrient-
rich soil, and their interconnected piped system has 
some infrastructural value

Mill Re-scription

The drying beds are re-programmed as fibre crop 
cultivation spaces by the Mill, as their nutrient-rich 
character, extensive presence on site and piped water 
infrastructure make them ideal for crop growth. The 
structures require no alterations for re-programming.

Figure  6_39
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6.33

dr y ing beds
perspect ive
( Author, 2013)

Figure  6_42
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6.34

found object on site: 
an old furnace gas nozzle, 

reclaimed by nature through 
rust and residual deposit. 

C O N T E X T U A L  I N F LU E N C E S
6.3

s i t e  t e x t u r e  &  e x p e r i e n c e

Figure  6_43 (Author,  2013)

Figure  6_44 (Author,  2013)
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6.35

exper ient ia l
daspoor t

( Author, 2013)

Figure  6_45 
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6.36

C o T  F l o o d 
m i t i g a t i o n
S t r a t e g y, 
( 2 0 0 9 : 3 )

A p i e s  R i v e r  A l t e r a t i o n s
F L O O D  &  F L O W
6.4

As the site is closely located to the Apies River, 
flooding is a natural concern and had to be 
considered as part of  the site design strategy. 
Although the 50 – and 100-year flood lines 
do not intrude on the Mill site directly, flood-
ing will have a significant impact on Jerusa-
lem Route and the proposed fibre fields. The 
Daspoort site floods frequently during rain-
storms and the banks of  the Apies River are 
badly damaged by erosion as a result of  the 
increased water pressure (City of  Tshwane, 
2009:online) (SAHRA, 2012: online) .

As flooding poses a potential risk for the 
Daspoort site as well as for the Apies River 
ecology, a flood remediation strategy was pro-
posed by the City of  Tshwane in 2009. The 
strategy consists of  earthed embankments, ga-
bion walls and non-return valves placed along 
the Apies River to form a natural flood bar-
rier which shifts the location of  the flood lines 
closer to the river’s edge. 

This flood remediation strategy is integrated 
with the Mill’s site strategy to create an altered 
riverside landscape consisting of  gabion reten-
tion walls, stormwater detention and retention 

ponds, wetland treatment systems and algae 
cultivation ponds. The base flow of  the Apies 
River is also redirected into a separate water 
channel running between the Mill and the river 
where hydro-power is generated using water 
wheels. This channel serves as an additional 
emergency water route during flash floods.

These ponds and channels connect the water 
systems inside the Mill with the Apies River 
ecology, while at the same time forming a flood 
mitigation barrier and layered water treatment 
system between the Mill’s industrial processes 
and the natural river system.

Figure  6_46
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6.37

Proposed f lood  bar r ie r :  gab ion&earth  embankment 
a long  r iver  edge.  (Author ’s  adaptat ion  of  CoT,  2009:3)

M a c h i n a r i u m
f l o o d 

m i t i g a t i o n

Eros ion  on  Ap ies  R iver  bank  (CoT,  2009:  1)

Apies  River
redirected basef low
f lood bar r ier
retent ion & detent ion ponds

Figure  6_47

Figure  6_48

Figure  6_49

(Author,  2013)
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6.38

Figure  6_50 Proposed f lood  remediat ion
(Author ’s  adaptat ion  of  CoT  proposal,  2009:3)

Apies River
100-year flood line
50-year flood line
New flood line
flood embankment
Jerusalem road
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6.39

a l tered s t r uctura l 
l andscape

I N F R A S T R U C T U R A L
C O N N E C T I O N S

WATER
W1 Daspoort  connect ion
W2 Tanks+Biof i l te rs
W3 Digester
W4 Digester  pump
W5 Balanc ing  pump
W6 Balanc ing  Tanks
W7 Fur row
W8 Ap ies  R iver

GAS
G1 Daspoort  Digesters
G2 Methane Gas Tanks
G3 Furnace
G4 Furnace
G5 Digester  Furnace

6.5

water lines
gas lines
flood line
Jerusalem road

Figure  6_51 (Author,  2013)

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



6.40

a l tered s t r uctura l 
l andscape

A1

B1

B2

C3

C4

C4

C1

D1

D1

X1

D2

C2

E1 E1

E2

F

F

E2

A2
S I T E
S T R AT E G Y

KEPT
A1  miss ionary  church 
A2  miss ionary  homestead
B1  je rusa lem route
B2  water  fu r row
C4  fu rnace

CULTIVAT ION
E1  b io - f i l te rs
E2  sett l ing  tanks
F   d ry ing  beds

ALTERED
C1  d igester  #5
C2  d igester  #6
D1  ba lanc ing  tanks

DEMOLISHED 
C3  pump house
D2  conveyor  be l t  shed
X1  demol ished august  2013

6.6.1
Figure  6_52 
(Author,  2013)
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6.41

pedestrian movement
100-year floodline
50-year floodline
moved floodline
flood barrier
fibre crops

furrow

heritage precinct

Mill footprint (prelim.)

Apies River

Public Parking (Mill)

Refuse+Delivery

Public Transport (Taxi/Bus)

Figure  6_53 (Author,  2013)

s i te  s t ra teg y
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7.1

P R E C E D E N T
finding inspiration 7

Chapter 7 is comprised of  four different categories 
of  precedent studies: theory-related precedent, which 
explores regenerative design, spatial precedent which 
provides an example of  immersive, experiential space, 
programmatic precedent focusing on textile production, 
and technical precedent which provides working exam-
ples of  algae cultivation and biological water and sewage 
treatment.
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7.2

Figure  7_1 Cross-sect ion  through Hamberg ,  (Noero  Arch itects ,  2013)
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7.3

T H E O R E T I C A L  P R E C E D E N T
7.1

R E G E N E R AT I V E  A R C H I T E C T U R E
P r o d u c t i v e  ( R e ) p u b l i c 
b y  N o e r o  a r c h i t e c t s

Cl ient 
MAXXI  Nat iona l  Museum of  21st  Century  Arts ,  (Rome)

Pro ject  Locat ion 
Hamberg ,  Hout  Bay , 
Cape Town

The project explores architecture in a post-oil society, 
as part of  the international exhibition ‘ENERGY. Oil 
and Post Oil Architecture and Grids, held in 2013.

By understanding the limited capacity of  oil as a re-
source, and its potential depletion during the 21st cen-
tury, Noero architects propose an intervention to re-
duce South Africa’s reliance on imported oil sources. 
At the same time, the project becomes a regenerative 
urban catalyst in the Hamberg location in Cape Town, 
Western Cape. (Noero Architects, 2013:online)

By understanding the local context on a social, cultur-
al, and economic level, the design introduces a micro 
industrial ecology in a rural environment: It harvests 
biological waste to generate bio-power, and captures 
rainwater, which is cleaned by micro-wetlands to pro-
vide a potable water source.  (Noero, 2013: PIA ideas 
conference 2013)

In addition to their productive value, the structures 
also provide shelter. The lightweight steel butterfly 
roofs form spaces for social interaction, or informal 
infill in an ‘open building’ system. The informal settle-
ment may develop around these urban catalytic struc-
tures, latching onto them in a ‘parasitic’ way and uti-
lising the resources they provide. (Noero, 2013: PIA 
ideas conference 2013)

Productive (Re)public is designed to emulate a tree, but 
transcends the conventional biological tree to become 
a bio-mechanical hybrid: a tree as a productive ‘ma-
chine.’ (Noero, 2013: PIA ideas conference 2013) 

Pr inc ip les  of  waste  t reatment ,  water  co l lect ion 
and pur i f icat ion,  and soc ia l  engagement  are  used 

Figure  7_2 Cross-sect ion  through s ing le  un i t ,  (Noero  Arch itects ,  2013)
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7.4

Figures

7_4 Machine aerial
7_5 Machine approach
7_6 Night view

Figure  7_3 Aer ia l  photo  of  B lur  Bu i ld ing .

7_4 7_5

7_6
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7.5

in  the des ign of  the Mi l l .

S P AT I A L  P R E C E D E N T

7.2

I M M E R S I V E  S P AC E
B l u r  b u i l d i n g 
b y  D i l l e r  S c o f i d i o  +  R e n f r o

Cl ient 
Swiss nat iona l  expo 2002

Pro ject  Locat ion 
Yverdon- les-ba ins , , 
Switzer land

The Blur building transcends architecture’s traditional 
capacity to shape and condition environments using 
physical components by creating space through non-
substantial effects (El-Khoury, 2012:58).

Part mechanical structure, part cloud-like vapour 
shroud, the Blur building is a prime example of  21st 
century bio-mechanical hybrid. By manipulating atmos-
pheric conditions, the building generates a sensorial, all-
enveloping environment which redefines spatial experi-
ence and ecological engagement (El-Khoury, 2012:58).

The building is constructed as a tensile steel structure, 
lifted over the Neuchatel Lake on piles. Filtered lake 
water is absorbed by the building, and expelled as a 
fine mist through nozzles to generate an artificial cloud 
(Boardman, 2010:106).

The building also integrates advanced technology with 
its mechanical structure and biological vapour condi-
tion: A built-in weather station monitors shifting cli-
matic conditions and controls fog output in response to 
temperature, humidity, wind direction, and wind speed 
(Boardman, 2010:106).

Principles of  spatial transience, experiential qualities 
and site-harvested resources are used in the design 
of  the Mill . 

Figure  7_7 Cross-sect ion  through B lur  Bu i ld ing
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7.6

Figures

7_8 Traditional Spinning
7_9 Hand weaving
7_10 Woven Goods
7_11Waterwheels

7_8 7_107_9 7_11
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7.7

P R O G R A M M AT I C  P R E C E D E N T

7.3

T E X T I L E  C R A F T 
+  W AT E R W H E E L S
a  p e r s o n a l  v i s i t  b y  t h e  a u t h o r

Cl ient 
Tour ists ,  loca l  v i l lagers

Pro ject  Locat ion 
Zhangj ia j ie  & Feng Hua v i l lage, 
Hunan Prov ince
China

During June 2013, the author travelled to the south of  
China. Here, traditional methods of  textile production 
(including hand weaving and spinning) were experienced 
first-hand. 

In these villages, the craft of  production transcends ne-
cessity to become spatial activators and tourist attractions: 
craftsmen are placed in visible spaces such as shop win-
dows to draw visitors into spaces and to generate public 
understanding of  the value of  the products on sale. 

In addition, traditional waterwheels are still employed by 
several villages to generate power.  By seeing waterwheel 
technology first-hand and experiencing the public aware-
ness and spatial presence generated by this dated technol-
ogy, the lost value of  the waterwheel was understood: This 
water-based ‘machine’ has the potential to be a productive 
technology and a spatial activator which draws attention 
to natural water bodies and attracts people to otherwise 
unvisited spaces. 
. 

Principles of  textile hand craft, textile tourism, and wa-
terwheel technology are used in the design of  the Mill .

F i g u r e  7 _ 1 1
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7.8

Figures

7_12 Exhibition view
7_13 Installation close-up
7_14 CO2 exchange

7_12

7_13

7_14
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7.9

T E C H N I C A L  P R E C E D E N T
7.4

A L G A E
H . O. R . T. U. S . 
b y  E c o L o g i c  S t u d i o

Cl ient 
Arch itectura l  Associat ion

Pro ject  Locat ion 
London

H.O,R,T,U.S., or ‘Hydro Organisms Responsive to Ur-
ban Stimuli’ is an exhibition piece designed to explore 
the relationship nature, humans and technology. (Bul-
livant, 2012: online)

Consisting of  325 suspended transparent bags – pho-
tobioreactors which are used to cultivate nine different 
types of  algae – the water-filled structure is intended 
to slowly change colour over the exhibition as the algae 
grows. Algae colours range from mint green to delicate 
pink and murky brown, creating a suspended biological 
‘garden’. 

Each bag is fitted with a long clear plastic tube which 
the public is encouraged to blow on. In doing so, CO2 
in human breath is transferred to the bags, aiding in 
the oxygenation process and algae growth.  (Bullivant, 
2012: online) The algae growth therefore forms a phys-
ical bio-map of  the public’s interaction with the exhi-
bition. This physical map – or algae growth pattern - is 
linked to a technological interface which follows the 
growth of  the algae as exhibition patrons enter data 
after ‘feeding’ it. Data is then translated into virtual 3D 
space – a ‘digital landscape’, or ‘information garden.’ 
(Bullivant, 2012: online)

The dynamic interaction between humans and biology, 
biology and technology and technology and humans 
is therefore expressed as physical space in this sci-fi 
‘greenhouse’ (Chan, 2013: online). In H.O.R.T.U.S., bi-
ology becomes architectural, and architecture becomes 
biology in a generative, open source of  knowledge ex-
change.” (Bullivant, 2012: online)

Principles of  bio-mechanical interaction with social 
environments and algae cultivation technology are 
used in the design of  the Mill . 

Figure  7_15 Cross-sect ion  through H.O.R .T.U.S.
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7.10

7_16 L iv ing  Machine 7_17 Eco-machine

7_18
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7.11

T E C H N I C A L  P R E C E D E N T

7.5

W A S T E  T R E AT M E N T
E C O - M AC H I N E  ™ 
b y  J o h n  To d d  E c o l o g i c a l  D e s i g n  & L I V-
I N G  M AC H I N E  ™ 
b y  Wo r e l l  Wa t e r  Te c h n o l o g i e s
Pro ject  Locat ion 
Waste  Water  Treatment  P lants

The Eco-Machine and Living Machine are both alter-
native solutions to waste-water management which use 
natural ecosystems to clean water.  Part natural and part 
man-made, the designs establish ecosystems between 
plants and microbial species and as distinct treatment 
zones. (Chen, 2008: online) Resembling a garden, these 
living technologies use bioremediation to reclaim waste 
water for re-use, becoming “natural engines to clean 
water, grow food, regulate climate… and repair dam-
aged habitats.” (John, 2003: online) 

These systems provide habitat for all major life groups 
and transform conventional wastewater treatment 
plants into a pleasing experience for humans by creat-
ing vibrant, ecologically-diverse spaces.

The systemic integration of  organisms in a manufac-
tured ecosystem simply accelerates nature’s water puri-
fication processes, resulting in an efficient and refined 
wastewater treatment system which is capable of  pro-
ducing high-quality purified water without requiring 
hazardous chemicals. (Todd, 2012: online) 
The Eco-machine™ and Living Machine™ proves that 
waste-water treatment may become a regenerative in-
dustry which aligns ecological and social benefits in a 
single, integrated eco-systemic ‘machine.’

Principles of  waste water treatment, ecosystemic 
design, hybrid ecosystems and regenerative socio-
ecological space are used in the design of  the Mill . 

Figure  7_18 Cross-sect ion  through machines
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8.1

1

design development 8M A K I N G  T H E  M I L L

Chapter 8 explores the main design generators and sub-
stantiates the Mill within theoretical, practical, and con-
textual realms. The building is discussed as an assimilated 
response to theory, programme and urban, architectural 
and environmental context.

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



8.2

D E S I G N  D E V E L O P M E N T March - June
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8.3

D E S I G N  D E V E L O P M E N T July - September
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8.4

M O D E L  E X P L O R AT I O N S
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8.5

March April June August
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8.6

1 2

3
deve lopment  o f  s ec t i on
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4
5 6
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8.8

The translation of  bio-mechanical hybridity into 
spatial form – or the design of  architecture as a 
living machine – originated as a response to the 
“machines for living in” which typified the Modern 
Movement (le Corbusier, n.d.). In order to evoke an 
architectural language suited to the zeitgeist of  the 
21st century, this conceptual approach guided the 
functional planning and spatial language of  the Mill. 
The eventual technological expression of  the design 
was also crafted in response to the concept of  the 
living machine. 

A machine can be defined as

Machine
məəəiən/
noun
an apparatus using mechanical power and 
having several parts, each with a definite 
function and together performing a particu-
lar task. (www.google.com)

The spatial planning of  the Mill was influ-
enced by the structure of  a machine, with 
many different elements interacting as part 
of  an integrated spatial environment.  What 
distinguishes the Mill from a conventional ma-
chine is that most of  its interacting parts have 

The textile mill was shaped as a reaction to five main 
design drivers, which resulted in a succession of  ar-
chitectural responses. Responses to these influences 
were then layered and assimilated to eventually form 
the Mill. Design drivers include theoretical premise, 
industrial programme, contextual influences, existing 
architectural fabric and environmental concerns.

D E S I G N
G E N E R AT O R S

T H E O R E T I C A L 
P R E M I S E

the living machine
8.1 some form of  life, and are therefore unpre-

dictable and largely uncontrollable.  The Mill’s 
internal mechanisms are assembled from its 
integrated programmatic functions, but also 
from the people who operate them, the social 
activities of  trade and craft on its edges, the 
endless stream of  water which flows through 
the building, and the natural organisms which 
seek habitat in its architectural enclaves.  The 
effects of  the cyclical nature of  time on all of  
these components – the dusk-to-dawn varia-
tions, the fluidity of  seasonal changes and the 
unavoidable permeation of  decay – are possi-
bly the greatest reminder of  life: like all living 
things, the Mill will grow, change, and eventu-
ally die.

b i o l o g y t e c h n o l o g y2 1 s t
c e n t u r y
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8.9

concept sketch, April spatial intention
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8.10

If  a bio-mechanical scale existed, conventional in-
dustrial buildings would unquestionably sit within 
the mechanical realm. Industrial processes have 
been fine-tuned to slot into a production line like 
well-oiled gears, and the interiors of  textile mills 
are filled with the complex machineries used to 
manufacture textiles. People and other forms of  life 
are seldom recognized.  Contrastingly, the design 
of  the Mill integrates the living, or biological, with 
the machine-language of  industry, and enables in-
teraction between social and ecological realms and 
industrial space. Through this, a new 21st-century 
industrial hybridity may be born. 

In order to create a mediating threshold between in-
dustry and the urban, the myriad potentially experi-
ential, visually alluring processes and the ‘industrial 
genus loci’ of  textile production are emphasised 
and celebrated in the design of  the Mill.

I N D U S T R I A L
P R O G R A M M E

textile production
8.2
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8.11

The dynamic nature of  suspended, drying cloths are used 
as tangible connections to industry within the public 
realm. These ephemeral elements form temporal spatial 
‘pockets’ in the building structure, and define the build-
ing’s edges in fleeting cycles. By comparing the transient 
quality of  these drying cloths to that of  informal trade 
– the analogy is made spatial: Cloth drying spaces are 
integrated with the public trade route and square, so 
that the suspended fabric provides temporary shelter for 
traders and craftsmen using these spaces by day. As both 
drying and trading activities fade by night-time, only the 
skeletal support structures of  the living machine bear 
witness to the activities of  the day. 

fabric8.2.1

dye8.2.2

The varicoloured mixtures of  dye and the subsequent 
treatment of  liquid effluent are used to define spatial 
barriers without obstructing visual access to the Mill’s 
internal processes. Concrete, dye-filled channels run be-
tween public and industrial spaces, providing a tangible 
connection to the internal production processes of  the 
Mill. As the dye used in production is non-toxic, wetland 
treatment systems of  dye effluent provide natural habi-
tat for riparian ecosystems, encouraging the presence of  
bird-life along the Mill’s edges.
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8.12

water8.2.3

Water is essential to the Mill: the design structured 
around a central architectural ‘aqueduct’, which receives 
waste water from Daspoort Sewage Works and redirects 
it through the Mill along a liquid route. From the cen-
tral waterway, water is distributed, recycled and moved 
between various textile processes in a network of  chan-
nels, furrows, pipes and ponds. By exposing water as an 
architectural device, hydrology becomes an embedded 
layer of  the human environment and is no longer seen 
as separate natural resource. Through this, public aware-
ness of  hydrological value is cultivated and the dynamic 
nature of  the water - both in its constant flow and ever-
changing condition – establishes spatial atmosphere and 
creates an immersive, constantly changing spatial experi-
ence. The aqueduct terminates in the Apies River, where 
the industrial effluent is returned to its natural condition 
and distinction between industrial resource and natural 
habitat fades. 

The Mill’s architecture exposes the energy and life-like 
qualities of  industrial machines to the public realm: 
Massive steam- and water wheels are used to power the 
internal mechanisms of  the mill. These industrial ‘ma-
chines’ are integrated with the building’s skin on its pub-
lic façade, so that their continuous movement activates 
spaces around the Mill. The water and steam used to 
power the colossal gears are expelled over the building’s 
main public square, so that the immersive quality of  the 
steam, water, and rotating wheels establishes a mechani-
cal ‘micro-ecology’, blurring the distinction between the 
‘social’, the ‘natural’ and the ‘industrial’.

mechanics8.2.4
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8.13

Although industrial methods of  production fill the Mill’s interior, 
artisanal craft stations are located in its exterior public realm as a 
constant reminder of  the connection between the craft of  mak-
ing and the industrial fabrication of  products. These ‘craft’ pock-
ets line Jerusalem route and the Public Square, and form part of  
textile-based skills training and fashion workshops located on the 
Mill’s upper level. In addition to the education gained through in-
dustrial exposure, the craft training facilities have the potential to 
catalyse greater social regeneration in Marabastad and encourage 
craft-based formation of  a new urban social identity. In this way, 
the Mill’s influence is extended beyond its architectural confines.

The Mill’s internal spaces are structured according to the theo-
retical principles of  industrial ecology and regenerative design. 
The understanding of  these systemic production principles 
guided to the placement and juxtaposition of  textile processes 
so that resource and energy exchanges could take place between 
the different phases of  production.

Main production phases (in order of  production) include:
1. Fibre extraction (Drying, retting, scutching)
2. Fibre preparation (Carding, Drawing, Blowing)
3. Spinning (Manual and Mechanical spinning)
4. Weaving (Manual and Mechanical Weaving)
5. Dyeing (and Dye Preparation)

Dyeing takes place throughout textile processing (as fibres, 
threads and woven cloths may be dyed), and dye spaces are 
therefore positioned as a central industrial ‘node’ inside the Mill. 
Other processes interact with the dye spaces on the same plane, 
and through vertical interaction using hooks, hoists, and lifts. 
Dye effluent is released into a ‘reflection’ pond surrounding the 
church, where dye water interacts with the heritage structure 
and provides natural habitat for bird and aquatic life.

craft8.2.5

production8.2.6
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8.14

Jerusalem Route cuts across the site, providing 
a strong urban edge for the Mill. The building is 
therefore moulded as an extension of  the Route, so 
that the pedestrian energy flowing between Mara-
bastad and the Apies River activates spaces around 
the building.  

The Mill’s urban façade provides niches for trade 
and hand-crafted production, and the architectural 
mass itself  is carved around an urban square which 
connects to the route. Fashion and textile training 
workshops are placed adjacent to the urban square, 
so that education may form a mediating social 
‘threshold’ between the public realm surrounding 
the Mill, and the industrial realm which it contains. 
By articulating the Mill’s eastern edge as a public 
interface and providing spaces for various social 
activities (including trade, education, tourism, craft 
and recreation) the Mill’s public space is activated 
by the constantly changing conditions of  human 
activity and event. 

urban context: edges & thresholds8.3.1

C O N T E X T U A L
R E S P O N S E

urban influence
8.3 React ion to  Jer usa lem Route
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8.15

sewage works8.3.2

Contrastingly, the Mill’s western edge borders the 
Daspoort Sewage Plant. By structuring the Mill’s 
eastern edge as an extension of  the public realm, 
the opposing western edge is designated as the 
‘back of  house’. This façade is arranged so that 
deliveries, services and refuse are separated from 
public space. Hardous processes (e.g. fibre and dye 
preparation processes such as scutching, boiling, 
and singeing) are also removed from public inter-
action, by placing them along the western edge of  
the building.

This spatial arrangement positions the Mill as an 
architectural ‘threshold’ between the public route 
and the industrial processes at Daspoort, separat-
ing - but not disconnecting - the general public 
from waste treatment and industrial hazards.
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8.16
spatial layering8.3.3

By shaping the building along the public route running to the Apies 
River, the Mill becomes a connection between Marabastad (urban 
condition), Daspoort (industrial condition) and the Apies River 
(natural condition). Spatial arrangements within the building and the 
articulation of  public movement along its edge are therefore layered 
according to these changing contextual conditions.

When moving along Jerusalem Route from Marabastad, the first in-
troduction to the Mill is that of  the existing digester, now a land-
mark on the route. Beyond the digester, the landscape begins a 
gradual descent towards the Apies River, and the base of  the Mill 
is therefore constructed on a lower level. This makes the digester 
one of  the highest points in the landscape, with only the suggestive 
glimpse of  industrial roofs visible behind it. 

From the digester, the route begins a gradual descent along a languid 
ramp, which terminates in a public square – the ‘entrance’ to the 
Mill. This square is the last of  the proposed squares found along 
Jerusalem Route, and is an extension of  Marabastad as part of  the 
industrial landscape. Here, trade and event sporadically activate the 
Mill’s edges, and imbue a socio-urban context on the productive 
landscape.

From the square, the route continues into a heightened industrial 
condition: the pedestrian is confronted with textile production on 
his one side, and fibre cultivation on his other. The rotation of  
steam wheels and gears are visible inside the mill, and a dye-filled 
channel follows the route. Here, activities shift from trade and social 
events to production: the route is interspersed with craft stations for 
hand-made textile assembly. Cloths dry overhead and form temporal 
shelter for the human activities occurring beneath.

As the route continues further, urban and industrial activities fade 
and human spaces become ‘naturalised.’ Here, craftsmen and trad-
ers give way to a series of  layered ponds and wetlands, inserted in 
the landscape and cascading down to meet the Apies River. As the 
ponds gradually filter dye to produce clean water, birds, aquatic life 
and riparian recreation activates the naturalised space. 

React ion to  Jer usa lem Route
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8.17

materiality8.3.4

living skin8.3.5

Specific material selection is discussed in Chapter 9, but in gen-
eral, the Mill’s materiality was influenced by the surrounding 
context. New materiality forms subtle contrasts between ‘exist-
ing’ and ‘new,’ while also enabling the building to merge with its 
existing landscape. Materiality is also specified for the ability to 
weather, allowing the building to take on the qualities of  its place 
and bear witness to its events. When a man-made object weath-
ers, nature rightfully claims an influence on architecture through 
a layering of  stains and residual deposits, so that the building 
forms a continuous spatial dialogue with the passing of  time and 
its interaction with context. Like a living organism, the building 
is therefore allowed to age, weather, and decay. 

While the Mill’s internal spatiality is that of  an industrial mecha-
nism, its external skin is articulated as a ‘living’ façade: Planting 
and algae cultivation is integrated with the built fabric so that the 
building transcends its structural expression to become an exten-
sion of  its natural context. The ‘living’ facades create a building 
skin which is constantly changing – whether from uncontrolled 
plant-and algae growth, plant decay and algae harvesting, or the 
seasonal changes experienced by plants. Natural changes will cre-
ate a continuously shifting spatial experience which connects the 
building to the passing of  time and to nature’s seasonal transfor-
mations.

The living skin also filters light into the interior, resulting in con-
tinuously changing conditions of  dappled light as the conditions 
of  external daylight change. This forms a cyclical connection to 
nature which extends the living environment beyond the building 
skin and into its interior.  As algae is grown in an wide spectrum 
of  colour for dye production, light filtering through the clear 
algae screens will create a natural ‘stained glass’ effect, connect-
ing the internal spaces with the biological process on which the 
mill runs. 

l iv ing sk in
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8.18

As discussed in chapter 6, the site’s existing 
architectural fabric had a substantial influence 
on the Mill’s form. 

The design of  the Mill relates to the spatial 
narrative on site. By re-scripting the indus-
trial heritage as part of  the new building, the 
functional value of  these structural artefacts is 
acknowledged. Industrial structures, including 
the digesters, balancing tanks and infrastruc-
tural connections to Daspoort are integrated 
with the new building so that the Mill ‘grows’ 
out of  its existing context. These existing el-
ements define the Mill’s levels and footprint, 
and are used to guide the spacing of  the main 
support structure.

Contrastingly, the Mill’s footprint is con-
sciously separated from the old church to em-
phasize its heritage significance. The religious 
structure is surrounded by a ‘reflection pond’ 
containing dye effluent flowing from the Mill’s 
textile processes. The church is re-programmed 
as a bird-watching space and sanctuary, and a 
new entrance connects it to Jerusalem Route 
for public access. History, however, is not 
stagnant, but a continuous layering of  narra-
tive and event. The dyed water surrounding 
the church is therefore encouraged to imprint 
colour on the white-washed stone building, so 
that the Mill may begin to form a new layer of  
historical narrative with the church. 

A R C H I T E C T U R A L
F A B R I C

existing
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8.19
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8.20

E N V I R O N M E N T A L 
C O N C E R N S

urban influence
8.5

Industrial ecology captures and connects 
the inherent value of  production processes. 
For this reason, the building was structured 
according to environmental concerns from 
programme and site choice through to de-
sign. Environmental design considerations 
are discussed in detail in Chapter 9, but eco-
logical design considerations include:
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8.21

8.5.1 Water which is redirected from 
Daspoort, re-used by the building for textile 
production processes, hydro-power and steam 
generation, algae cultivation, evaporative 
cooling and irrigation. Water is subsequently 
cleaned by a series of  layered wetlands, which 
provide space for recreational activities and 
ecological habitat.

8.5.2 Energy is generated through various 
renewable means, including hydropower (us-
ing kinetic water wheels connected to dynamo 
batteries), steam power, methane gas (using 
centrally-placed digesters and organic waste), 
and hydrogen (which is generated by algae bio-
reactors in the building’s skin). 

8.5.3 Waste does not exist in its conven-
tional understanding, as the building re-uses 
effluent as resource. Waste water is re-used 
and cleaned on site by wetlands, and organic 
waste is placed in digesters to generate elec-
tricity, or used as organic crop fertilizer.  Pro-
cesses which generate surplus organic waste 
(e.g. retting and dyeing) were therefore located 
in proximity to compost pits and digesters.

8.5.4 Natural Light is optimised using 
southern clerestories, which are formed by the 
sloped industrial roofs. Light is also filtered 
by external screens and water tanks to reduce 
glare and solar heat gain. 

environmental principles:

8.5.5 Ventilation takes place through a 
breathable planted façade, as the building skin 
forms a ventilated threshold between interior 
and exterior spaces. Latent heat from industri-
al processes is used to encourage central stack 
ventilation, and heat the building during win-
ter. 

8.5.6 Materiality was selected for durability 
in high-traffic production and urban spaces. 
The ability to age gracefully was also consid-
ered in terms of  required maintenance: materi-
als which age well do not require costly activi-
ties such as upkeep or replacement.

8.5.7 Flood Mitigation and Erosion Control 
are implemented passively through the design 
of  the wetlands. These water bodies integrate 
retention and detention dams with flood miti-
gation barriers, and form the northern thresh-
old between the Mill and the Apies River. A 
base-flow channel acts as an additional sunken 
water threshold, and redirects some of  the 
Apies River to generate hydropower. This 
channel also serves as an emergency water 
route during flash floods.
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product ion thresholdwatersecur i tyv isua l  access
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8.24

The building is planned on three main levels:

The basement level is determined by the lowest level of  the ex-
isting balancing tanks, which are integrated as part of  the Mill’s 
substructure. The level is programmed as a fibre preparation 
and storage space, and contains the industrial loom.

The lower level is aligned with the top of  the balancing tanks 
(ground floor), and is largely programmed as ‘social space’. 
Most of  the industrial spaces are restricted to the basement- 
and upper level, and the Mill’s built footprint is raised over the 
lower level to form open public space underneath it. It is on 
the lower level where the public square is located, and where 
Jerusalem Route edges the Mill. A public auditorium, mill gal-
lery, public trade and tourist spaces, and the church heritage 
precinct are all located on this level. The Mill worker’s canteen 
is also located on this level, and opens onto the square to ser-
vice the public as well as the workers.

The upper level sits on the ‘raised building footprint’, which 
floats over the square. It is on this level where the worker’s 
entrance to the Mill, the Mill administration and security, and 
most of  the industrial textile production occurs. Public craft 
training and fashion workshops are also located on this level. 
The upper level is accessed from Jerusalem Route, or via a pub-
lic staircase connected to the square space on the lower level. 

Although the Mill’s spatial planning occurs on three separate 
levels, its spatial experience is that of  an integrated multi-
dimensional interior space. The Mill’s horizontal planes are 
carved to form spatial connections between processes on dif-
ferent levels, and volumes are strategically spliced to ensure 
industrial visibility throughout. In some spaces, double- or tri-
ple volumes enable vertical interaction between processes, and 
evoke an uninterrupted spatial experience of  the complexity 
of  production.

planning8.6.1
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8.27

Circulation is separated into three different, often interact-
ing journeys.

The first is that of  the Visitor, a journey which begins 
in Marabastad and follows Jerusalem Route. The visitor’s 
route is intersected by the different urban squares which 
line Jerusalem Route and provide spatial experiences vary-
ing from trade to transport to heritage. The visitor’s route 
is introduced to the Mill by the digester (v1) – a landmark 
which is visible from Marabastad. The route then enters 
the main Mill square (v2), from where it disperses into 
multiple different lines. The visitor’s journey in the Mill 
precinct is open for individual exploration and discovery, 
and is intended for the experiential interaction between 
industry and the individual. The visitor could either enter 
the Mill through a public viewing gallery (v3) from where 
the different production phases are visible, visit the craft 
workshops (v4) (for observation or participation), or con-
tinue along Jerusalem Route to pause at the church pre-
cinct  (v5) or explore the Apies River cascades (v6).

The second journey is that of  the Worker, which is more 
deterministic than the journey of  the visitor, and focused 
on procedure above experience. Workers may enter the 
Mill from two directions – either coming from Marabas-
tad along Jerusalem Route (w1) or from the parking space 
on the Mill’s eastern side (w2). The worker’s entrance is 
located on the Mill’s upper level (w3), and is articulated 
by a series of  thresholds: First, the worker moves through 
check-in and security (w4) (where he may be addressed by 
plant administration). Then, the worker moves through 
employee ablutions (w5), where personal possessions may 
be stored in lockers and washing-up may be done before 
and after shifts. From here, the worker moves to his indi-
vidual workstation along a central vertical circulation route 
(w6). At lunch-time, the worker checks out, and may enjoy 
refreshments at the canteen (w7), which forms part of  the 

public realm. The shared canteen facilities encourage inter-
action between the visitor and the worker. 

The third main journey is that of  the Product – the journey 
from raw material to finished textile. Raw fibres are har-
vested in the fields and deposited next to the delivery zone 
(p1) (on the Mill’s western edge). From here, fibre stalks 
are soaked in water-filled retting ponds (p2), which loosen 
the external husks from the internal fibres. The husks are 
moved to compost pits (p3), from where they are used to 
fertilise the fields. The fibre stalks are moved into the Mill’s 
basement via a service lift (p4), where they are dried using 
excess heat from the building’s central boilers (p5). From 
here, dried stalks are broken, ginned and scutched to extract 
fibres (p6). Extracted fibres are move through central lifts 
(p7) to the Mill’s upper level, where they are prepared for 
spinning (p8). Small dye baths are located in the spin rooms 
for dyeing of  yarn or fibre (p9). Spun yarn is then scorched 
over open flames coming from digesters (p10), and is moved 
into the basement, or distributed among craftsmen, where it 
is woven into cloth (p11). From the basement, the cloth is 
moved vertically upwards to the main dyeing spaces  (p12)
(located directly overhead). Here, cloth is died, and sub-
sequently distributed throughout the Mill’s various drying 
spaces to form temporal shelter for traders or activate Je-
rusalem Route (p13).  Finally, the dyed cloths are taken to 
the fashion- and textile workshops (p14), where it is worked 
into garments, art, or other products, and sold by traders or 
displayed in the Mill’s public galleries (p15). 

circulation8.6.2
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8.29

1. Jerusalem Route
2. Public trade
3. Public auditorium
4. Worker’s entrance
5. Field entrance
6. Primary water storage
7. Craft training
8. Bioreactor staircase
9. Craft workstations
10. Algae Bioreactors
11. Mill administration
12. Public square
13. Canteen/restaurant
14. Water channel
15. Mill supervision
16. Retting ponds
17. Worker’s ablution
18. Steam wheel towers
19. Water wheel
20. Textile Production
21. Digester tower
22. Secondary water storage
23. Dyeing
24. Weaving (central loom)
25. Jerusalem craft corridor
26. Dye production
27. Missionary homestead
28. Storm water furrow
29. Dye effluent
30. Church precinct
31. Base-flow hydropower
32. Wetland meander
33. Wetland water treatment
34. UV treatment & purification
35. Stormwater detention
36. Public biopools
37. Apies River
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8.30

Elevations of  the Mill’s eastern and western 
edges. The eastern facade forms a backrop to 
Jerusalem route, and programmed as a thresh-
old between the urban edge condition and the 
Mill’s industrial interior. The western facade is 
service-based, and is edged with hazardous in-
dustrial processes.

Sewage Works
WEST

digester
landmark

craft
workshops

urban
square

production (above)
gallery (below)

digesters dyeing weaving dye production

dye productionchurchhydro-powerwetland treatment 
cascades

bio-pools
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Jerusalem Route
EAST

church hydro-power wetland treatment 
cascades

bio-pools

digester
water storage

administrationdeliverieswater storageablutions (above)
 refuse & retting ponds (below)

digestersdyeingweaving
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8.32

1. Jerusalem Route 
2. Public trade
3. Public auditorium
4. Worker’s entrance
5. Field entrance
6. Primary water storage
7. Craft training
8. Bioreactor staircase
9. Craft workstations
10. Algae Bioreactors
11. Mill administration
12. Public square
13. Canteen/restaurant
14. Water channel
15. Mill supervision
16. Retting ponds
17. Worker’s ablution
18. Steam wheel towers
19. Water wheel
20. Textile Production
21. Digester tower
22. Secondary water storage
23. Dyeing
24. Weaving (central loom)
25. Jerusalem craft corridor
26. Dye production
27. Missionary homestead
28. Storm water furrow
29. Dye effluent
30. Church precinct
31. Base-flow hydropower
32. Wetland meander
33. Wetland water treatment
34. UV treatment & purification
35. Stormwater detention
36. Public biopools
37. Apies River
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8.34
 

 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



8.35

In order to re-script textile production as a hybrid industry, the 
spatial articulation of  the Mill is focused toward human comfort 
and experience. Consequently the making of  industrial space is 
not focused wholly on process or machinery, but places emphasis 
on the experiential qualities of  the production itself, and the in-
teraction between humans and these processes.  

The Mill’s overlapping internal spatial volumes allude to a sense 
of  ‘industrial voyeurism,’ and by placing Industrial spaces within 
view of  the public realm and enabling direct access to the pro-
duction and craft through public galleries and viewing platforms, 
interaction between humans and industry is encouraged. Further 
celebration of  textile craft is encouraged through public textile 
galleries and exhibition spaces (placed along the public route and 
square). By emphasizing the industrial genius loci of  the Mill, the 
immersive character of  production fashions industrial environ-
ments where people want to be. 

As a socio-urban environment, the social interaction between 
different ‘classes’ of  people is also encouraged in the spatial ar-
rangements of  the Mill. By placing social activities such as craft 
and food in the central public square, interaction between the 
different people using the Mill (workers, public visitors, artisans) 
is encouraged, which establishes a sense of  community and indus-
trial kinship. 

In addition to the interaction between people and production and 
people with each other, the Mill’s spatial articulation also encour-
ages interaction between people and the natural environment. By 
embedding natural systems within the architectural structure of  
the Mill, a biophilic understanding of  industrial space is culti-
vated. Human comfort is also directly related to access to the 
natural environment, and by ‘bringing the outside in’, through 
natural light, water, steam, planting, algae, and the use of  natural 
materials, a heightened sense of  primal human comfort is woven 
into the Mill’s interior. 

articulation & comfort8.6.3
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8.37

Around you, the structure shifts. It moves. It 
grows.

The Mill flows between varying conditions of  
solidity:  At times, it is unyieldingly embedded 
in the earth. On other occasions, it transcends 
even its own tectonic expression and melts 
into the sky – as steam disappearing in early 
morning light, and cloths flapping on the wind 
like gigantic woven birds.

The Mill is a reaction to event. It is altered by 
its environment, and responds to internal and 
external change. At times, the building sleeps, 
folds up, folds in on itself, lies waiting for new 
actions to activate its transient skin. Only the 
skeletal structure of  the living machine bears 
witness to the activities of  its past.

While it is waiting, the building grows, ages, 
deteriorates, decays.  All life bears witness to 
the passing of  time; nothing lives forever. So 
the building becomes part of  its spatial nar-
rative and tells stories of  its place. Nature is 
also a writer in this dialogue, and so the Mill 
is scripted by the cold, the wind, the rain, the 
summer sun. 

The mill is half-buried in its landscape, and 
half-woven into its unseen context. Yet it tran-
scends both these things to become something 
new, which extends beyond its own skin. It 
flows to the river bringing new life. It reaches 
towards Daspoort, finding new use for the dis-
carded waste. It melds with Marabastad, merg-
ing new identity with lost histories. It affects 
change. 

The Mill spins the forgotten layers of  the past 
into a conceivable future. 
It conditions life, and it is life. 

m a c h i n a r i u m

I M A G I N I N G 
T H E  M I L L

8.7
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8.38

A P P R O A C H  F R O M  F I E L D S 1. acid-washed steel
2. creeper trellis screen
3 packed stone wall
4. acid-washed steel

5. metal frame with temporary
    suspended cloth canopy
6. existing concrete drying beds
    planted with new fibre crops

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



8.39
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existing digester Jerusalem Route public squareexisting drying beds industrial wing Jerusalem Route Daspoort Ridgemissionary church
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8.40

1. existing digester
2.new Tenara Fabric retractable roof  
(assembled from Mill-manufactured 
fabrics)
3. pigmented off-shutter concrete
4. glazed observation wall

5. acid-washed metal roof
6 grass paver blocks
7. existing digester
8. existing biofilters re-used 
for cotton cultivation

S O U T H E R N  A P P R O A C H
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 cotton cultivation water storage worker’s entrance (from fields) public auditorium jerusalem routecraft entrance
 

 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



8.42

1. existing concrete digester wall
2. mill-produced fabric roof
3 packed stones in architectural mesh 
baskets with creeper growth
4. natural stone paver steps

5. off-shutter concrete step
6. laminated glass panel with liq-
uid algae growth medium
7. acid-washed steel balustrade
8. laminated glass wall

A U D I T O R I U M
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entrance fashion workshops bio-reactor staircase public seating entrance
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8.44

P U B L I C  S Q U A R E 1. acid-washed metal sheet
2. 50x50x3 steel angle screen
3 serene green glazed wall panel
4. natural stone paver

5. grass block paver
6. acid-washed steel
7. planted creepers
8. packed stone wall
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textile & fashion workshop craft display & trade corridor public square steam wheel tower stormwater garden tourist centre
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8.46

S P I N N I N G  R O O M S 1. clemantis brachiata creeper
2. 50x50x3 steel angle screen
3 steel angle column
4. acid-washed metal planter box
5. acid-washed steel pergola
6. boarded concrete floor
7. diamond polished concrete
8. glass line (sliding doors)

9. steam pelton wheel
10. corrugated steel ceiling
11. spinning machines
12. exposed IPE roof  beam
      (for hoist & suspension)
13. block-and-tackle hoist
14. concrete box gutter
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green skin facing onto square ventilated facade (exterior) steam wheel tower spinning gallery digester tower
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8.48

M I L L  G A L L E R Y 1. plank-shutter concrete
2. steel channel edge strip
3 pigmented concrete
4. glass-bottom dye pond
5. ribbed off-shutter concrete

6. 305x305 x118 kgm
     H-column wheel support
7. laminated glass wall
8. acid-washed metal cladding
9. glass - and steel balustrade
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digester tower (to the left) glass dye bath clerestories steam wheel towerJerusalem Route spinning gallery (above) scutching & boilers (below)
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8.50

D Y E I N G  C O R R I D O R 1. laminated glass panel with liquid 
algae growth medium
2. copper bi-metallic separating strip
3 acid-washed metal base plate
4. acid-washed jack-knife door
5. glazed observation wall
6. concrete board floor
7. diamond-polished concrete

8. glass-bottomed galvanised 
steel dye bath
9. jack-knife folding door 
    with corten cladding
10. pigmented off-shutter 
      concrete wall
11. glass algae bioreactor

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



8.51

2

1

3

5

4

7

8

9
10

11

6

algae bio-reactor loom room (behind glass) public viewing gallery cloth suspension dye ponds digester towersliding door panels
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8.52

J E R U S A L E M  R O U T E 1. acid-washed metal sheet 
2. packed stone wall
3 drying dye textiles
4. 4mm galv. steel cable
5. stone paver

6. 50x50x5 steel equal 
   angle purlin trellis
7. 4mm galv. steel cable
8. jasminium multipartum & 
clemantis brachiata creepers
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public trade & craft niches missionary church public walkway to Apies River public seating stormwater furrow garden
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M I S S I O N A R Y  C H U R C H

current condition

1. stone wall with cable balustrade
    (trained creeper support)
2. existing concrete balancing tank wall
3 new pigmented concrete infill
4. glazed algae-bioreactor facade

5. acid-washed metal sheet roof
6. dye effluent 
7. dye interaction with stone church
8. new corten steel plate door
9. concrete bridge wall
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Daspoort Ridgewater channel missionary homestead dye effluent reflection poolmissionary churchmill building (weaving)
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8.56

A P P R O A C H  F R O M 
A P I E S  R I V E R

1. curved stone wall (mortar)
2. pigmented concrete (overflow)
3 planted wall
4. concrete&stone walkway
5. gabion stone wall

6. gabion & earth embankment
7. acid-washed metal cladding
8. pigmented concrete
9. planted trellis structure
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Apies River bio-poolsdetention ponds missionary church mill building (weaving) stormwater berm
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9.1

1

C O N S T R U C T I N G  T H E 
M A C H I N E technical  invest igat ion 9

Chapter 9 explores the technical assembly of  the Mill  as 
a result of  theoretical principles and contextual considera-
tions. The Mill’ s structural intention, materiality and move-
ment patterns are explained, and the building’s systemic re-
sponses to waste, water, energy, ventilation, and light is are  
discussed with reference to industrial ecology. 
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9.2

r o o f  &  p e r g o l a  p e r g o l a
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9.3
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9.4

The technical premise of  the Mill is grounded in Ken-
neth Frampton’s theories of  structure. Frampton builds 
on Gottfried Semper’s division of  architectural composi-
tion into the stereotomic (solidity) and the tectonic (de-
materialisation), but extends the definition of  structure 
to cosmological opposites by comparing stereotomic mass 
to the ‘earth’, while the tectonic elements of  architecture 
become an analogy for the ‘sky’ (Gouws, 2013:111).

technical premise: structure9.1.1
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9.5

T E C H N I C A L  C O N C E P T
9.1

biolog y&machine_ear th&sky_inter ior&exter ior

The technical investigation of  the Mill predominantly 
explores two integrated structural concepts:

The first is an extension of  Frampton’s theory of  ste-
reotomic/tectonic cosmology, as expressed in terms 
of  textile production. A textile mill encompasses an 
inherent materiality comprising of  liquid substances 
(e.g. dye, water, algae) which are used to produce tex-
tiles, and the cloth itself. By separating the materiality 
of  production into liquid and fabric, these opposing 
elements were expressed as stereotomic and tectonic 
structure.

The existing concrete dams and digesters, as well as 
new channels and furrows are solid structural contain-
ers which are submerged in the landscape and tie the 
foundations of  the mill to the ‘earth’. The solidity 
of  liquid-related structures therefore developed as the 
stereotomic expression in the Mill.

Contrastingly, the cloths produced by the Mill embody 
the dematerialisation of  its structure. The imperma-
nence of  these suspended elements blurs the bound-
aries of  the building, and the ephemerality of  their 
overhead presence extends the Mill’s roofs as part of  
the sky.  The suspension of  cloths compels tensile 
structural logic, and consequently developed as the 
tectonic expression of  the Mill.

The Mill structure exists as a hybrid – an amalgama-
tion between stereotomic liquid-based elements and 
tectonic textile components. Tectonic and stereotomic 
structure merges in the Mill so that the architecture 
becomes a mediating element between ‘earth’ and ‘sky’.

The second structural concept is based on the over-
arching dissertation concept of  Machinarium: the de-
sign of  a building as a ‘Living Machine.’ The Mill is 
designed as a hybrid - an amalgamation between the 
natural and the mechanical. Its structure expresses this 
hybridity in the discourse between stereotomic and 
tectonic, but the building skin also becomes a hybrid 
threshold between the external ‘natural’ condition and 
the mechanical interior associated with production. 

The building’s skin is therefore expressed as a layered 
transition between the natural and the mechanical. Ex-
ternally, the skin is expressed as a ‘natural’ element, 
which merges the building with its surrounding socio/
ecological landscape. Internally, the skin becomes a 
structural extension of  the industrial machinery used 
in production. The skin blurs the distinction between 
‘mechanical’ and ‘natural’ by creating a hybrid spatial 
layer between interior and exterior: a mechanical archi-
tectural element which acquires ‘life’ with the changing 
conditions of  weather, time, light, natural organisms 
and social activities.

conceptual approach9.1.2
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9.6

existing site materiality Mill materiality

concrete

s tee l

s tone
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9.7

M AT E R I A L I T Y
9.2

Moore (2001:134) states that a technology 
is best understood, not through history, but 
through geography.  The technological and 
material responses of  the Mill are therefore a 
reaction to the surrounding landscape. As the 
context is comprised of  augmented geography 
and industrial artefacts, the site’s existing ma-
teriality was understood in its altered industrial 
state. 

New materiality in the Mill is specified to form 
a dialogue with the site, so that the Mill could 
merge with its surrounding context while sub-
tly contrasting with existing structures to con-
tribute a new layer of  spatial narrative to the 
architectural landscape. Materials were also se-
lected for durability (as an industrial structure 
in an urban setting would face considerable 
wear-and-tear), and for the ability to weather, 

so that a continuous exchange would occur 
between the mill and its natural context, over 
time. 

The predominant materials on site are con-
crete, steel and stone. Each is discussed ac-
cording to the materiality found on site, and 
the interpretation of  the material as used in 
the Mill. 

INTERNAL V IEW OF DIGESTERS
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9.8

The existing industrial structures on site are constructed 
from off-shutter reinforced concrete, which has, with time, 
obtained additional tints, crusts and residual layers from its 
direct surroundings. Concrete on site therefore occurs in an 
array of  colours and texture as a result of  rust stains, algae 
growth, chemical water deposits, and earth pigmentation.

All existing concrete structures which have been integrated 
with the new Mill are left as is (complete with stains) to cel-
ebrate the natural narrative between materiality, structure and 
site and emphasize the re-use of  existing architecture. In con-
trast, all new concrete used in the construction of  the Mill is 
juxtaposed with the existing by adding a brown-red iron oxide 
pigment admixture to the cast-in-place concrete (Bell & Rand, 
2006:78). New concrete walls therefore attain a ‘rusted’ steel-
like appearance, which acknowledges the changing conditions 
of  concrete on site, and blends with the Corten steel used in 
the tectonic structure of  the Mill. 

Any existing concrete demolished during construction of  the 
Mill will be re-used in the gabion and architectural mesh bas-
kets to continue the material dialogue on site and reduce ma-
terial wastages.

As new concrete is cast in-situ, the new stereotomic struc-
ture is expressed as a seamless monolithic mass, free of  joints 
and elemental divisions of  pre-cast concrete (Bell & Rand, 
2006:78). Although the building’s structure is articulated as 
stereotomic mass supporting a tectonic frame, the uniform 
rust-red/brown hue of  both the stereotomic concrete (pig-
ment) and tectonic steel elements (corten) defines the build-
ing as a single element – an integrated architectural ‘machine’.

concrete9.2.1
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9.9

existing concrete structures, rein-
tegrated with Mill
(Daspoort archives, n.d.)

9.2.1

digester plan & section

balancing tank 
wall detail

balancing tank
drainage layout

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



9.10

Throughout the site, abandoned steel machines lie half-
concealed under vegetation. Left to time, these structures 
have begun to rust, and are spattered with the stains and 
residual deposits of  natural ageing.

The Mill’s tectonic structure is expressed using steel el-
ements, which are attached to the stereotomic concrete 
substructure. To celebrate the weathered industrial ma-
chines on site, all new steel elements are specified as acid-
washed steel, a process in which oxidized, unfinished steel 
is primed with an acid mix and exposed to the weather. The 
material reacts with water and oxygen in the atmosphere to 
develop a protective layer of  surface rust. (Bell & Rand, 
2006:184)

The gradual oxidization of  the Mill’s steel structure will 
evoke a continuously changing architectural appearance 
and a narrative with natural weather conditions and time. 
The rusted appearance of  the new steel also alludes to the 
rusting industrial infrastructure on site – giving the Mill the 
appearance of  an industrial machine abandoned to time.

Residue from weathered steel is often carried by precipita-
tion to adjoining materials, leaving a reddish-brown stain. 
(Bell & Rand, 2006:184) However, as all new concrete used 
in the Mill is tinted with iron-oxide pigment, these residues 
will go unnoticed. Any new stains on the existing concrete 
structures will perpetuate the narrative of  exchange be-
tween the materials and surrounding contextual conditions.  

steel9.2.2
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9.11

Stone is found in limited, but significant places on the site:  
The furrow running across Daspoort alongside Jerusalem 
Route is constructed from stone, as is the old mission-
ary church and the original 1913 bio-filtration ponds. The 
presence of  stone therefore offers a physical connection 
between different historical narratives on site. 

To continue this material connection, the Mill contributes 
another layer of  stone architecture to Daspoort: Jerusalem 
route is paved with a random rubble natural stone surface, 
and stone gabion walls are used to construct the layered 
ponds leading to the Apies River. 
Inside the Mill, new packed stone walls are enclosed in ar-
chitectural mesh baskets to contrast with the existing stone 
on site. As the stone walls have stereotomic characteristics 
while the steel baskets relate to the Mill’s tectonic expres-
sion, the stone walls become mediating elements between 
the stereotomic and tectonic structure of  the Mill. The 
inherent mass of  natural stone walls is also used in ther-
mal design, as trombe walls are used for ventilation of  the 
Mill’s western façade.

stone9.2.3
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9.12

S T R U C T U R E
9.3

The Mill is articulated as a hybrid architectural struc-
ture comprising of  a submerged stereotomic support 
system (based on existing concrete structures) with a 
steel-framed tectonic structure resting over it. Structural 
expression is determined in response to the textile pro-
cesses which it supports – where stereotomic elements 
enclose liquid-based processes and tectonic frames are 
used to suspend cloth and textile-manufacturing mecha-
nisms. Despite the Mill’s structural hybridity, chosen 
materiality and finishes lend a uniform surface appear-
ance to the Mill, allowing different structural elements 
to merge into a single, integrated architectural ‘machine’. 

structural intention9.3.1
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The substructure consists of  existing reinforced concrete walls 
which are altered using thermal lancing techniques, and spa-
tially manipulated with new concrete infill. New reinforced 
concrete infill walls are tinted in-situ with iron oxide, but are 
cast with cavities and rubble infill to the same thickness of  the 
existing dam walls (450mm) for surface continuity and to pro-
vide sufficient platforms for base plate attachment of  the steel 
superstructure.  

New concrete substructure walls are waterproofed using Kay-
tech Flo-drain geotextiles and 160mm dia. Kaytech geopipes 
(laid to min. 2degree slopes) which are connected to the ex-
isting emergency overflow channels surrounding the balancing 
tanks.

The superstructure consists of  an acid-washed and painted steel 
frame which is attached to the concrete substructure at ground 
level. Steel columns in the superstructure are 203x203x52 kg/m 
hot-rolled parallel flange H-columns spaced along 5m – and 
10m grid. The grid spacing of  columns is determined by the 
existing concrete dam walls.

Roofs are supported by IPE 200x100x22kg/m and 
254x146x31kg/m hot-rolled I-profile sections, depending on 
the span and loads respectively.  Roof  support is pre-welded 
in portal frame sections and bolted together on site, and portal 
frames sit at 2,5m c/c (to align with structural columns be-
low).   Where eccentric loads occur (as in the support of  the 
steel Pelton Steam wheels), additional structural supports of  
305x305x118 kg/m hot-rolled parallel flange H-columns spaced 
at 5m are specified.

All steel is acid-washed to encourage a rusted appearance, and 
is subsequently finished with Glisten PC Paint-Over-Rust 15 

substructure9.3.2

superstructure9.3.3

high performance clear coat sealant in wet industrial condi-
tions. All structural steel is also finished with ISS Class A clear 
intumescent paint for fireproofing. 

125x65x20x3mm cold-rolled lipped channels form the second-
ary support structure, which allows the fixing of  light fixtures 
and of  wall- and ceiling panels. Ceiling panels are fixed so that 
the I-beam frames of  the roofs are exposed, allowing the at-
tachment of  industrial mechanisms and creating an industrial 
atmosphere in internal workspaces.

Roof  coverings vary from low, concealed roofs, which are made 
from Klip-lok Zincalume steel sheeting with a charcoal Colour-
Bond coating (@ 2degree slope), to 1000x2500x3 SA583 Grade 
A acid-washed metal roof  sheets laid @18 degree slope on a 
12mm plywood sub-layer. Roofing is fixed to 125x65x20x3mm 
cold-rolled lip channel purlins. Fireproofing and waterproofing 
is applied to the plywood sub-layer, and internal steel cladding 
is fixed to the sheets and the roof  purlins with self-tapping 
screws.

255mm reinforced concrete floors are cast into the structural 
steel frame  to provide a durable surface for industrial activity. 
All concrete floors are cast in-situ with iron-oxide additive, and 
are diamond-polished. Where upper floors cantilever (as over 
the public square), the surface finish is translated as a boarded 
finish which creates a subtle spatial threshold between interior 
and exterior spatial conditions. 
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S K I N
9.4

The building skin is articulated as a separate, non-struc-
tural element which wraps around the structure but 
functions independently. The skin is used to manipulate 
light, form breathable facades for ventilation, and pro-
vide spatial habitat for various forms of  ‘life’, including 
plants, algae, birds and insects, and human shelter for 
trade and craft. The skin is articulated as:

Acid-washed steel screens with 50x50mm steel angle 
slats, which are pre-drilled to encourage trained creeper 
growth over the building façade. 

6.76mm Colorvue laminated glass panels with SolarShield 
S20 serene-green UV protective finish, for visual access 
to industrial processes. Glass to be supplied by National 
Glass Distribution, Pretoria

450mm loose-packed natural stone infill walls, contained 
in welded architectural mesh baskets. Stone is specified 
as ‘autumn quartzite’, to be supplied by Bedrock Stone, 
South Africa. Concrete rubble from site demolitions will 
also be integrated as part of  stone infill walls.

1000x2500x3 SA 588 Grade A acid-washed metal roof  
sheet, screwed with flush joints to 12mm plywood sub-
layer and fixed with flush joints to 125x65x20x2 steel 
lipped channel purlins. 

 9.52 laminated glass bioreactor tanks with SolarShield 
S20 serene-green UV protective finish, housed in ex-
truded aluminium frame and containing a water-based 
nutrient-rich algae growth medium. 
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surface materiality9.4.1
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The Mill’s progression from a ‘natural’ external condition to a 
mechanical interior is enabled by a layered external ‘skin’, which 
is partly expressed as corten-steel screens covered in plant 
growth. The planting of  these screens is not wilful, but occurs 
as a result of  the natural unhindered growth of  planted creep-
ers, climbers and vines, trained to grow over the steel trellis 
screens. The screen will therefore never be fully covered, but 
exist as a continuously changing state of  natural growth and 
decay, with the internal structure of  the Mill hinting through 
the foliage.

The plants specified or the building skin are selected for their 
ability to creep, but are also flower-and fruit-bearing plants 
(which would mask potentially unpleasant smells drifting from 
Daspoort and attract birds and butterflies.) Some creepers are 
also specified for their deciduous properties, to connect the 
building to the seasonal changes of  nature (e.g. colour change/
loss of  leaves). All plants in the palette are indigenous, to pro-
vide natural habitat as part of  the architectural skin and limit 
water use and plant care.
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planting9.4.2
Jasminum polyanthum (pink jasmine) is a vigorous creeper 
which needs little water to grow. It bears pinkish, fragrant 
flowers in spring through summer, which attract butterflies 
and insects. Semi-deciduous, semi-shade to full sun.

Trachelospermum jasminoides (star jasmine) is a woody, ever-
green climber with rich dark green leaves which turn bronze 
in winter. It needs little water and bears white, fragrant flow-
ers from mid to late summer, which attract butterflies and 
insects. Evergreen, shaded

Trachelospermum jasminoides (Chameleon creeper) is a cul-
tivar of  Star Jasmine which features dappled green, white 
and pink leaves. The plant bears fragrant, small white flowers 
from late spring to autumn, and may also be used as a ground 
cover as it is highly resilient. Evergreen, deep shade.

Jasminum multipartitum (Starry Jasmine) can be used as a 
shrub or trained as a creeper. It bears fragrant white flowers 
and black fruits, which attract birds. Evergreen, semi-shade. 

Combretum bracteosum (Hiccup Nut) is a scrambler shrub 
which bears unique, spherical red flowers, and fruit which 
attract birds. Evergreen, full sun 

Thunbergia Alata (Yellow Black-Eyed Susan) is a self-seeding 
creeper with profuse, bright yellow flowers which attracts 
butterflies. Evergreen, semi-sun 

Senecio Tamoides (Canary Creeper) s a forest-margin climb-
er with bright yellow flowers, which attract butterflies. Semi-
Deciduous, Shade 

Clematis Brachiata (Traveller’s Joy)  is a delicate climber with 
masses of  scented, white flowers which also bears seeds like 
cotton-wool. Evergreen, Sun

The list is comprised using (www.thegardeningblog.co.za and www.indigenousplantfair.org.za)
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f i g u r e  a l g a e  c o l o u r s  i n  b i o r e a c t o r s

The glazed bioreactor tanks used for algae culti-
vation are integrated as part of  the Mill’s fenes-
tration, and are used as liquid light filters. These 
liquid-filled screens are designed to capture 
the hydrogen generated by die algae, which is 
then fed to a boiler in the basement and burned 
to produce steam. As different coloured algae 
grows at different temperatures, some of  the 
screens will be heated by redirecting latent heat 
from the boilers back to the bioreactors.  The al-
gae cultivated in the screens will also act as light 
filters – with different colours of  algae creat-
ing different internal spatial qualities. The algae 
in these containers is sporadically harvested by 
filtering the water in these containers. Algae is 
then dried and used as dye pigment, while water 
effluent is directed to the Mill’s wetland treat-
ment pools, where it is cleaned. 

As bi-metallic corrosion will occur between the 
Mill’s Corten Steel structure and the extruded 
aluminium frames housing the bioreactors, a 
copper sheet is used as a bi-metallic separator. A 
thin strip of  the copper sheet is exposed, where 
it will form a green patina ‘shadow line’ between 
the algae-filled screens and the rusting corten.

The algae bioreactors are expressed as a vari-
coloured, living architectural surface – a builting 
façade which is continuously shifting with the 
movement of  water, the growth of  algae, and 
the effects of  light on its internal workings. 

Bioreactors9.4.3

glazed panel

liquid algae solution

copper bi-metallic 
separator

corten base 
strip

extruded aluminium 
glazing frame

203x203x54 kg/m 
hot-rolled parallel 
flange H-columns 
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The Mill implements alternative fibre cultivation methods, in-
cluding the cultivation of  bast fibres such as kenaf, hemp and 
flax plants for textile fibre production. The plant materials not 
used for fibre extraction are used to produce alternative build-
ing materials, including insulation, which is used in the Mill. 
The use of  these materials reduces the building’s carbon foot-
print, as these non-toxic materials are grown organically on-site.

Hemp and flax insulation is produced using waste plant mat-
ter, and offers sufficient thermal conductivity and good sound 
absorption. The materials are naturally resistant to pest infesta-
tion, rot and fungal infestation. By impregnating the insulation 
with soda, ammonium sulphate or borate salts, the material also 
provides sufficient fire resistance. (Peters, 2011:108)

A comparison of  the insulating properties of  various materials 
proves that both flax and hemp insulation have sufficient insu-
lating properties, and that the minimum thickness of  120mm 
insulating blankets can therefore be specified. 

Thermal conductivity of  various insulation materials: (Peters, 
2011:108)

insulation9.4.4

Material  Thermal Conductivity (W/mK)

Glass Wool    0.035 – 0.040
Rock Wool    0.035 – 0.040
Perlite     0.050 – 0.070
Polystyrene particle foam (EPS) 0.035 – 0.040
Polystyrene extruded foam (XPS) 0.035 – 0.045
Hemp     0.045
Flax     0.040 – 0.045
Softboard    0.40 – 0.050

S E C T I O N  T H R O U G H  T O W E R  R O O F

S E C T I O N  T H R O U G H  B O X  G U T T E R
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S Y S T E M I C  P R I N C I P L E S
9.5

Water is the most essential non-structural element in the 
building, as the Mill is designed around a central hydro-
logical network which connects industry, social activities, 
and nature. The water flowing through the building also 
embeds the Mill in its Daspoort context, as the Waste 
water from Daspoort is linked with the Mill in an indus-
trial ecology.  

Water circulates through the Mill between Daspoort and 
the Apies River in a semi-closed systemic loop, so that 
waste-water is continuously cleaned and re-used by the 
various water-based activities in the building. 

water9.5.1

sanitary  & stormwater route
Water is captured by the Mill’s roofs, and stored 
in galvanised steel water tanks on the upper 
level. 

Water is filtered and chlorinated, after which 
it is directed through gravity to the Mill’s ablu-
tions. 

Grey water is directed to the Mill’s wetlands, 
where it is treated and returned to the Apies 
River

Black water is directed to the Mill’s central di-
gesters, where it is used to generate bio-power 
and heat.

Stormwater runoff from the Mill’s hard surfaces 
(e.g. the public square/Jerusalem Route) is re-
directed into the furrow running alongside Je-
rusalem Route. The furrow is redesigned as a 
stormwater garden, which retains most of the 
water in its vegetation. 

Excess stormwater runs along the furrow and 
enters detention ponds, where it is temporarily 
retained before filtering out into the landscape 
through weepholes.

Apies river flooding is mitigated through a flood-
ing strategy consisting of a series of cascaded 
pools and an emergency stormwater route be-
tween the Mill and the river.
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Water from Daspoort enters the building and is 
treated by UV to remove unwanted pathogens

Water is stored in the western digester (now 
re-scipted as a primary water-storage tank). 

From the storage tank, water flows along a 
channel on the upper level, where it falls to the 
lower level, turning a water-wheel and generat-
ing hydro-power. 

A portion of the water in the central channel 
is redirected to retting ponds, where it is used 
in fibre preparation. The nutrient-rich retting 
effluent is then filtered, and used to irrigate 
crops, or cultivate algae. 

A portion of the water in the central channel is 
redirected to the Mill’s boilers, where it is used 
to produce steam and power steam wheels.

A portion of the water in the central channel 
is redirected to the dyeing spaces, where it is 
mixed with pigment and boiled to produce dye. 

Waste water from dyeing is redirected to the 
dye production spaces, where the nutrient-rich 
effluent is used to cultivate algae.

Waste water from dyeing and algae cultivation 
is released into the reflection pool surround-
ing the church, where it is encouraged to form 
residual deposits on the white-washed stone 
structure

From the church, water is directed to a chan-
nel, which feeds into a sedimentation basin to 
remove suspended solids. 

The sedimentation basin opens up into a pri-
mary wetland cell, which is a sub-surface flow 
wetland used to filter dissolved minerals and 
minimise unwanted smell.

Water flows through a perforated pipe inlet to a 
secondary wetland cell, which is a surface-flow 
wetland filled with ornamental wetland plants. 
This wetland is designed to remove any latent 
mineral nutrients, and also provide habitat for 
bird-and aquatic life.

Water flows through a perforated pipe inlet to 
a secondary UV treatment system, where any 
latent pathogens and microbes are removed. 

From the UV cells, water is directed through an 
activated charcoal filter, which removes dead 
pathogens and clarifies the water.

The water is now clean enough for human use, 
and is cascaded into two bio-pools. These pools 
are used for recreational water activity such as 
swimming, diving and fishing. 

After exiting the bio-pools, water is directed 
into a final wetland, which forms a natural 
threshold between the human activity and the 
Apies River. 

The water is returned to the Apies River and re-
enters its natural hydrological cycle.

industrial water route

“Water has no taste, no color, no 
odor; it cannot be defined, art 
relished while ever mysterious. 
Not necessary to life, but rather 
life itself. It fills us with a grati-
fication that exceeds the delight 
of the senses.”
Antoine de Saint-Exupery, 
Wind, Sand, and Stars, 1939

“The crisis of our diminishing 
water resources is just as severe 
(if less obviously immediate) 
as any wartime crisis we have 
ever faced. Our survival is just 
as much at stake as it was at the 
time of Pearl Harbor, or the Ar-
gonne, or Gettysburg, or Sara-
toga.”

Jim Wright, U.S. Representative, 
The Coming Water Famine, 1966
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The dissertation explores the cultural dissolution 
of  the concept of  ‘waste’ in the 21st century and 
is contextually located at Daspoort (a waste treat-
ment plant). Waste therefore forms an integral part 
of  the design and the various forms of  waste are 
used to establish the Industrial Ecology and sys-
temic connections present in the building. 

Waste water generated by the Daspoort plant is 
cleaned with UV light and re-used by the Mill for 
algae cultivation, dye- and steam production and 
irrigation, after which it is treated using wetland-
based biological systems and aquaculture.

Organic waste is redirected to central digesters, 
which uses anaerobic bacterial processes to gener-
ate methane gas and nutrient sludge from organic 
waste products. (Organic waste produced in the 
Mill includes fibre husks, kitchen waste, dye efflu-
ent, human waste, algae, and textile scraps). The 
methane gas produced in the digesters is used in 
burners to boil dye and in digesters to produce the 
steam which power textile mechanisms. Nutrient 
sludge is pumped to Daspoort, where it is treated 
to produce organic fertilizer, and used to fertilize 
fibre crops.

Organic waste (including kitchen waste and fibre 
husks) are stored in compost pits, after which the 
decomposed organic matter is used as crop ferti-
lizer.

waste9.5.2
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1. Hydropower & Kinetic energy

As water is an abundant resource on site, the spatial planning 
of  the Mill was guided by an internal hydrological network. 
The water flowing along these central water channels is used 
to generate electricity. By falling from the Mill’s upper level 
to a lower channel, the water rotates a water wheel, which is 
connected to a dynamo. The dynamo converts the kinetic en-
ergy from the wheel into electric potential, which is stored in 
rechargeable batteries for later use by the Mill. 

Similarly, the base flow of  the Apies River is redirected into a 
constructed furrow as part of  the site’s flood mitigation strat-
egy. Waterwheels are integrated in the design of  this ‘base flow 
furrow’, so that the natural flow of  the river may generate ki-
netic energy. Dynamos connected to the water wheels convert 
the kinetic energy into electricity, which is stored in recharge-
able batteries for later use by the Mill.

The electricity produced by waterwheels requires no fuel, does 
not affect the quality of  the water, and is relatively inexpen-
sive as no running costs exist beyond the initial infrastructural 
investment. Although hydropower systems do not generate a 
massive amount of  energy, they contribute to an off-grid en-
ergy approach and provide a continuous supply of  sustainable 
energy. 

Alternative renewable energy is generated on site by the Mill, 
which is intended to rely on its own energy as much as pos-
sible.

energy9.5.3 2. Algae bioreactor & battery: 

Algae is cultivated in fuel cells and harvested for dye produc-
tion. When green alga is grown in the enzyme hydrogenase, it 
separates water into oxygen and hydrogen, while obtaining its 
requisite energy from photosynthesis (solar energy). Adjust-
ments to the algae’s growth medium increase its metabolism, 
so that it produces excess energy in the form of  hydrogen. The 
bioreactor then reconverts the hydrogen and oxygen back to 
water, while using the excess hydrogen to generate energy. Bat-
teries connected to the bio-reactor store the energy for later 
use. (Peters, 2011:167)  After cultivation in the bioreactors, 
algae may be periodically harvested and used in dye produc-
tion, pressed to extract bio-oil, placed in digesters to produce 
methane gas, or used as fertiliser. Although most bioreactors 
are still in experimental phases, testing has proven that 200 
litres of  algae culture could generate around 50 litres of  hy-
drogen per day (Peters, 2011:168).

3. Digesters & Methane Gas

Digesters are integrated with the building as combined waste-
and energy strategy. Organic waste generated by the building 
is placed in the digesters, where it is converted into methane 
gas and nutrient sludge. The sludge is pumped to Daspoort, 
where it is treated and used as crop fertilizer. The methane gas 
is redirected through a flame trap and connected to a burner 
and a boiler, where it is used to generate heat for boiling dye, 
steam-power, and passively heats the building.

4. Steam Power 

The heat generated by the digester burners is also used in con-
junction with purified water to create pressurised steam, which 
is redirected into steam wheels and used to generate rotational 
force. The steam wheels are connected to the various textile 
machineries and used to power textile processes. Consequent-
ly, the industrial waste is used to power the production in a 
closed-loop industrial ecology. 
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D E T A I L  O F  P E L T O N  S T E A M  W H E E L
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( A P I E S  R I V E R  B A S E F L O W  R E D I R E C T I O N )

section through water wheel & dynamo system
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1. A Breathable façade is created using the building’s 
non-structural skin, as the glass line is recessed from the exter-
nal planted screens. The spaces between the glass line and the 
screens therefore form ventilated thresholds, which cool air 
before it enters the building via louvers, as cross-ventilation.

2. Trombe walls form the western edge of  the building, 
and are used as natural ventilation in summer and heating in 
winter. These walls integrate the natural stone walls used in the 
building as thermal mass, and form a thermal barrier between 
the harsh western sun and interior spaces.

3. A Central stack is integrated as a ventilation strategy 
in the building, as the latent heat generated by the digesters 
and dye production rises and exits through louvre panels in a 
higher roof. As the heated air rises, it draws fresh air into the 
building from the louvred side-panels. The heat generated by 
the digester-based boilers and burners is also used to dry fibre 
husks, and heat the building in winter.

1. Southern light is maximised using clerestories in an-
gled roofs. Although the main building footprint is planned 
on a north-south axis to form an edge to Jerusalem Route, the 
building form is broken into different fragments which are 
oriented on an east-western axis so that western solar gain is 
minimised and daylighting from south-facing clerestories can 
be integrated throughout the building.

2. A planted brise soleil (solar screen) forms part of  the 
building skin in places where glazing occurs outside the south-
ern clerestory zones. The screen reduces glare and solar gain 
in the building’s interior, and acts as a solar filter to create 
dappled light in the building’s interior.

3. Algae-based bioreactors are integrated with the build-
ing skin on the northern façade, so that the glass tanks can be 
used for light gain while the algae and water reduce solar heat 
gain inside the building. The algae growth will also create in-
teresting dappled light effects in the building’s interiors.

ventilation9.5.4 light9.5.5
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light & ventilation
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I N  D E T A I L
9.6

Assembly drawings9.6.1

Detail assembly continues the conceptual ap-
proach of  the living machine - where systemic in-
teraction and exchange is encouraged on a micro-
scale. 

The assembly of  ‘micro-machines’ takes various 
forms - from the conscious encouragement of  
material exchanges, stains or mineral deposits to 
the design of  self-perpetuating nutrient flows. 
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1. steam from steam-powered pelton 
wheels condens on underside of  glass 
louvres
2. lowest louvre extends beyond the rest; 
waterdamp drips down this pane and 
falls onto the acid-washed steel panel
3. water trickling down rusted metal 
panel collects iron oxide 
4. iron-rich water drips onto concrete sill; 
residual rust-and water stains form on 
smooth concrete surface
5. iron-rich water drips from concrete 
sill onto grass paver blocks, where it pro-
vides water, iron and other minerals to 
the plants and enriches soil conditions.
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Plans9.6.2

Plans express the systemic workings of  the build-
ing, as well as the experiential routes. 

The flow of  water and the flow of  people pro-
gress along parallel, often intersecting routes un-
til reaching a final confluence at the edge of  the 
Apies River. 
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Elevations of  the Mill’s eastern and western 
edges. The eastern facade forms a backrop to 
Jerusalem route, and programmed as a thresh-
old between the urban edge condition and the 
Mill’s industrial interior. The western facade is 
service-based, and is edged with hazardous in-
dustrial processes.

Sewage Works
WEST

digester
landmark

craft
workshops

urban
square

production (above)
gallery (below)

digesters dyeing weaving dye production

dye productionchurchhydro-powerwetland treatment 
cascades

bio-pools

9.6.3  E l e v a t i o n s
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Jerusalem Route
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Sections9.6.4
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A  D E C L A R AT I O N
conclusion

10.1

“… The 21st century is an extraordinary time – a century 
of  extremes. We can create much grander civilizations or 
we could trigger a new Dark Age. There are numerous ways 
we can steer future events so as to avoid the catastrophes 
that lurk in our path and to create opportunities for a bet-
ter world. A revolutionary transition is ahead of  us … this 
could be humanity’s last century, or it could be the century 
in which civilization sets sail towards a far more spectacular 
future.” 
James Martin
The meaning of  the 21st century, 2006. 

The 21st century is an era of  predicted environmental cat-
aclysms, as well as an age of  bio-mechanical revolution. 
However, the industrial culture which germinated the dis-
connect between man and the natural environment, also has 
the potential to become a mechanism which reconnects.

Machinarium finds value – even beauty – in waste, and 
proves that the wastelands which are hidden within our cit-
ies may be rewoven as part of  the visible urban fabric. By 
creating architecture as living machines, natural and social 
environments become an inherent part of  productive space, 
and the machines for living which define an industrial past, 
may be re-scripted as the biological mechanisms of  the fu-
ture. 

Machinarium establishes a precedent for 21st century in-
dustrial architecture, and proves that this new typology has 
the potential to reconnect – to the forgotten art of  produc-
tion, to the lost narratives contemporary landscapes, to the 
search for new urban identity, and to the natural ecologies 

which are present, just beyond the reach of  present-day human 
habitats.

With the pressure of  rapidly vanishing resources and open ur-
ban space, the answer lies in reclaiming our urban wastelands, 
and re-consuming the waste we so often, and enthusiastically, 
expel. It is time to change human-centric notions of  waste, 
mitigate the flood of  pollution emanating from industry, and 
challenge the global addiction to fossil fuels.

In an age of  exponential population growth, resource- and spa-
tial consumption, and consequent waste, the path to a resilient 
future is not clear yet. As architecture enters a new age of  dis-
covery, the potential for projects like Machinarium exist eve-
rywhere: wastelands and industry are strewn across our cities, 
hidden just beyond view, and offer unexplored landscapes for 
architectural experimentation.  As we enter unchartered ter-
ritories and face new global challenges, architects are given the 
opportunity to participate in the construction of  a new world 
order. The way in which we make space today, will determine 
the way in which we live tomorrow. The future is in our hands.

“I am at war with my time, with history, with all authority that 
resides in fixed and frightened forms…I declare war on all 
icons and finalities, on all histories that would chain me with 
my own falseness, my own pitiful fears. I know only moments, 
and lifetimes that are as moments, and forms that appear with 
infinite strength, then “melt into air”. 
I am an architect, a constructor of  worlds,
A silhouette against the darkening sky.
Tomorrow, we begin together the construction of  a city.
Lebbeus Woods, War and Architecture, 1993
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M_(Prof) 2013 UP | assessment of  dissertation 
by external examiner: DESIGN

Rodney Harber | 22 november 2013
 

This  i s  a  t r u ly  exce l lent  document  f rom beginning 
to  end,  wi th the pace set  by  an exce l lent ,  mature 

manifes to.

As a  young lecturer,  over  for ty  years  ago,  my v is i t  of  
a  lecture  a t  tukkies  f rom ecologis t  Ian McHarg made 
a  profound impact  on me.   I t  i s  rewarding to  see  th is 

t rad i t ion be ing car r ied forward!

The document  abounds wi th cha l lenges  to  Archi -
tecture  as  comfor tably  accepted wi th severe  indict -

ments.

I  look forward to  v iewing the model  and would a l so 
ask you to p lace  your  f inger  on the Marabastad pre-
cast  Hindu Temple,  s ince that  i s  my only  known 

landmark .
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M_(Prof) 2013 UP | assessment of  dissertation 
by external examiner: TECH

Mike Louw | 14 november 2013
 

GENERAL 
Very comprehensive and well put together. Clearly a lot of  work 

went into the document. 
 

STRENGTHS & SHORTCOMINGS 
Good context study and site analysis. Since the building is about 

integration and symbiosis with nature, the climatic 
context is very important, so a basic climate analysis and a basic 

vegetation study would have been useful. 
 

Graphically excellent. 
 

Take a look at the Kalundborg symbiosis if  you haven’t already. 
 

The document is repetitive at times, where a similar point is 
made in a few different chapters, and where a specific 

drawing/detail is discussed in different chapters. It would make 
it more readable if  some of  the explorations could be 

more succinct or if  duplication is avoided. 
 

With the machine and systems approach, a short paragraph on 
biodiversity would be helpful, especially with the 

planting of  specific fibres where one would want to avoid mono-
cropping. Where plants are used on/in the facades, 

the same would apply – indigenous creepers are ok, but there are 
also creepers that can be used to produce dye, ie. 

Virginia creeper. 
 

ASPECTS THAT NEED CLARIFICATION 
none

 
RELEVANCE OF PROJECT 

Very relevant in terms of  regeneration, adaptive reuse and the 
regeneration of  the textile industry. 

 

DESIGN PROPOSAL 
Will concentrate on the technical aspects as requested. 

 
TECHNICAL INVESTIGATION 

There is a clear attempt to translate the design intent into the 
making of  the building. 

 
The adaptive reuse of  the existing structures is good, but there is 

also a lot of  potential in the reuse of  existing 
materials on site (especially since a lot of  the structures have been 

demolished): Bricks, concrete rubble (for backfill, 
gabions, heat stores etc.), timber, steel, and why use corten sheet-

ing when there are lots of  old roof  sheets 
(naturally rusted) on site that could potentially be reused? Is there 

potential to use some of  the grown fibres to 
make hemp bricks? Can the railway tracks that will be lifted be 

used? 
 

Attend to foundations on the sections (ie. below the walls in the 
waterwheel section and be careful of  the slab 

continuing below the gabions).  
Mention is made of  450mm thick concrete walls to suit the exist-

ing structures, but the material (and cost) wastage 
would not be worth it, so rather use void formers or sacrificial 

shuttering (or rubble) in the middle to make up the 
450mm. 

 
Indicate the waterproofing system behind the retaining walls and 

below the slabs (the Kaytech products mentioned 
assist with drainage but not necessarily waterproofing?) 

 
The meeting of  old and new is a key aspect of  the project, so the 

meeting of  new structural elements (ie. steelwork) 
and existing concrete can be celebrated a bit more. The materials 

and elements have been described in the text, and 
a start has been made by detailing the algae façade elements, but 

some more information on the “putting together” 
would be very nice to see, so one can get a clearer sense of  how 

the theory has been translated into the making. 
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Figure 1_1
Daspoort, looking north. (Author, 2013)
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adapted from UP Geographical data, 2009)

Figure 1_3
Aerial Photo taken before the construction of the Belle 
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Site Noli (Author, 2013)
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