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1 3 . 1 .  o r i g i n a l 
r e s e a r c h  p r o p o s a l

	 1. The Research Objectives			
	
The objective is to design, with recognition of 
the GEF BRT Climate change requirements, 
a low Carbon Bus Rapid station and 
Auxiliary Building/s. The Site chosen is that 
of the existing Pretoria Main station. This 
station serves as an interchange not only 
for BRT System but also forms an integral 
transportation hub for other modes of 
transport. 					   
	
The second objective of the study is to design 
some of the components of the Low Carbon 
BRT Station and Auxiliary building/s in such a 
way that some of the modules could be used 
as a prototype and/or model for other such 
nodal and modal interchanges. 			 
	
The third objective that such a design as 
described above should respect the cultural 
and historical setting of the Pretoria Main 
Station and hence be sensitive to and 
respond to its context.			 
	

1 0 . 1 . 1  U NDP   / GE  F  S T U DEN   T 
GR  A N T  PRO   J EC  T  PROPOS      A L

a p p e n d i x

The Fourth objective is that the study should 
incorporate aspects of LEED [or other green 
building rating systems] and then also 
components of a design approach and 
normative position regarding the cradle-
to grave definition of materials and their 

production, a low carbon footprint 
study, embodied energy and life-cycle 
performance and management of 
these aspects within the architectural 
research and design resolution. 		

			 
A fifth aim is that the student and the study 
promoters attend a South African Green 
Building Council GreenStar course.	
	
	 2. The anticipated approach to the 	
	 research and methodology to be 	
	 applied				  
	
The study will commence with a literature 
study and the gathering of data relevant to 
the design of Climate Change Sensitive low 
Carbon BRT station and Auxiliary building/s.	
		
 After the literature study the student will 
engage with the design of these structures. 
The design will be refined within an iterative 
process. The final design of the structures will 
be measured with a green building rating 
system.  A set developed detail technical 
drawings will be provided to support 
the design. The designed structures are 
academic investigations and will culminate 
in a mini dissertation and two publications to 
be submitted for peer reviewed publication 
in Architecture SA. 
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	 3. Expected interim and final 	 	 	 	
	 deliverables and the timeframe thereof			 
	
Interim deliverables for 2010 and the first semester of 
2011 are the following:					   
	
1.At the end of the first term of the University of Pretoria 
calendar the student should have proofed investigation 
including data capturing and literature study into the 
complexities of the following:
	 a. Climate change as it pertains to the urban 		
	 environment and in particular Tshwane.
	 b. BRT systems in Tshwane.
	 c. BRT systems of Pretoria Main station.
	 d. Low carbon construction technologies.
	 e. The LEED or other ration systems.
	 f. The Cultural and historical heritage of the site.
	 g. The above should be presented to the 		
	      supervisors at the end of the term.

2. At the end of the second term, the student should  
have proofed investigation and provide evidence of the 
study in the above as well as into the complexities of the 
following:						    
	 a. Design approach and normative position 		
    	     regarding the cradle-to-grave definition 		
	     of materials and their productions, low carbon 	
	     footprint, embodied energy and life 			 
	     cycle performance and management of  		
	     the aspects.
	 b. A draft literature study of the work conducted 	
	     to date and this should include the objectives 	
	      of the study.
	 c. A conceptual urban framework for the design 	
	     should be presented.

3. At the end of the third quarter the student 
should provide a preliminary design o the 
project that acknowledges and responds to 
the above two quarters and the objectives of 
the study with the final aim of a low carbon 
BRT station and auxiliary building/s.	
	
4. The fourth quarter should be concluded 
with a written mini dissertation that complies 
with the objectives of this research project 
and the graduation regulation s of the 
Department of Architecture.			 
							     
5. The first and second quarter of 2011 should 
result in two submitted publications [for peer 
review] to the Journal architecture SA based 
on the research conducted by the student in 
2010. The student is responsible for the writing 
and submission of this research paper.

	 4. Conclusion			 
	
We trust that this research proposal will meet 
the requirements of the UNDP and GED for 
this project. The Department of Architecture 
is known for its stature to promote and 
educate students in sustainable and green 
architecture. The Department is thus most 
grateful for this opportunity to partner with 
the GEF and UNDP to further this integral 
goal and to build more capacity in the 
department and students that graduate from 
our Professional Masters programme
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1 3 . 2  E m b o d i e d  e n e r g y 
o f  m at  e r i a l s

1 3 . 2 . 1  E m b o d i e d  e n e r g y  t a b l e s
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T a b l e  1 3 - 0 2 :  E m b o d i e d  e n e r g y  f o r  A u s t r a l i a n  m a t e r i a l s ,  l i s t 
c o m p i l e d  i n  1 9 9 6  [ S o u r c e :  M i l n e  &  R e a r d o n  s . a .  : p 4 ]

T a b l e  1 3 - 0 3 :  T a b l e  i n d i c a t i n g  t h e  d i f f e r e n t  e m b o d i e d  e n e r g y 
q u a n t i t i e s  o f  c o n s t r u c t i o n  m a t e r i a l s  				  
[ S o u r c e :  A s t r u p  2 0 0 4  p 1 0 4 ]Em
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1 3 . 2 . 2  C a r b o n  f o o t p r i n t s  a n d 
e m b o d i e d  e n e r g y  o f  d i f f e r e n t 
C o n s t r u c t i o n  t e c h n o l o g i e s

The embodied energy and carbon footprint of different 
construction systems and technologies were investigated 
and used to guide the design process and material 
choice. Calculation based on figures established by life 
cycle assessment framework [section  4.4]. The calculations 
were made for the cradle to gate cycle - excluding 
transportation energy

Calculations for Terminal building

T a b l e  1 3 - 0 4 :  T e s t  A -  C a l c u l a t i n g  E m b o d i e d  e n e r g y  a n d  c a r b o n 
f o o t p r i n t  o f  c o l u m n s  [ S o u r c e :  A u t h o r ]

test A

F i g u r e  1 3 - 0 1 :  C o m p o n e n t s  o f  t h e  t e r m i n a l  b u i l d i n g 
t e s t e d  d u r i n g  t e c h n i c a l  i n v e s t i g a t i o n  		
[ S o u r c e :  A u t h o r ]
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test B test C

T a b l e  1 3 - 0 5 :  T e s t  B -  C a l c u l a t i n g  E m b o d i e d 
e n e r g y  a n d  c a r b o n  f o o t p r i n t  o f  w a l l s  [ S o u r c e : 
A u t h o r ]

T a b l e  1 3 - 0 6 :  T e s t  C -  C a l c u l a t i n g  E m b o d i e d  e n e r g y  a n d 
c a r b o n  f o o t p r i n t  o f  c o n c r e t e  s l a b  [ S o u r c e :  A u t h o r ]

 
 
 



294

T a b l e  1 3 - 0 7 :  T e s t  C -  C a l c u l a t i n g  E m b o d i e d  e n e r g y  a n d 
c a r b o n  f o o t p r i n t  o f  c o n c r e t e  s l a b s  [ S o u r c e :  A u t h o r ]

T a b l e  1 3 - 0 8 :  T e s t  C -  C a l c u l a t i n g  E m b o d i e d  e n e r g y  a n d 
c a r b o n  f o o t p r i n t  o f  c o n c r e t e  s l a b s  [ S o u r c e :  A u t h o r ]

test C

a p p e n d i x
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T a b l e  1 3 - 0 9 :  T e s t  C -  C a l c u l a t i n g  E m b o d i e d  e n e r g y  a n d 
c a r b o n  f o o t p r i n t  o f  c o n c r e t e  s l a b s  [ S o u r c e :  A u t h o r ]

test C Calculations for BRT station prototype

a p p e n d i x

F i g u r e  1 3 - 0 2 :  D i f f e r e n t  c o m p o n e n t s  t e s t e d 
d u r i n g  t e c h n i c a l  i n v e s t i g a t i o n  		
[ S o u r c e  A u t h o r ]
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T a b l e  1 3 - 1 0 :  T e s t  D -  C a l c u l a t i n g  E m b o d i e d 
e n e r g y  a n d  c a r b o n  f o o t p r i n t  o f  f l o o r  s y s t e m s 
f o r  t h e  B R T  [ S o u r c e :  A u t h o r ]

T a b l e  1 3 - 1 1 :  T e s t  D -  C a l c u l a t i n g  E m b o d i e d 
e n e r g y  a n d  c a r b o n  f o o t p r i n t  o f  f l o o r  s y s t e m s 
f o r  t h e  B R T  [ S o u r c e :  A u t h o r ]

test D test D

a p p e n d i x
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T a b l e  1 3 - 1 2 :  T e s t  E -  C a l c u l a t i n g  E m b o d i e d 
e n e r g y  a n d  c a r b o n  f o o t p r i n t  B R T  P l a t f o r m 
c o n s t r u c t i o n  s y s t e m s [ S o u r c e :  A u t h o r ]

T a b l e  1 3 - 1 3 :  T e s t  E -  C a l c u l a t i n g  E m b o d i e d 
e n e r g y  a n d  c a r b o n  f o o t p r i n t  B R T  P l a t f o r m 
c o n s t r u c t i o n  s y s t e m s [ S o u r c e :  A u t h o r ]

a p p e n d i x

test E test E
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T a b l e  1 3 - 1 4 :  T e s t  E -  C a l c u l a t i n g  E m b o d i e d 
e n e r g y  a n d  c a r b o n  f o o t p r i n t  B R T  P l a t f o r m 
c o n s t r u c t i o n  s y s t e m s  [ S o u r c e :  A u t h o r ]

T a b l e  1 3 - 1 5 :  T e s t  E -  C a l c u l a t i n g  E m b o d i e d 
e n e r g y  a n d  c a r b o n  f o o t p r i n t  B R T  P l a t f o r m 
c o n s t r u c t i o n  s y s t e m s [ S o u r c e :  A u t h o r ]

test E test E

a p p e n d i x
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T a b l e  1 3 - 1 6 :  T e s t  F  -  C a l c u l a t i n g  E m b o d i e d 
e n e r g y  a n d  c a r b o n  f o o t p r i n t  B R T  s t r u c t u r a l 
s y s t e m s  [ S o u r c e :  A u t h o r ]

test F test F
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1 3 . 3  B U ILDING       SYS   T EM  
A N A LYSES   
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T a b l e  1 3 - 1 8 :  T e r m i n a l  b u i l d i n g  -  q u a n t i f y i n g 
p h o t o v o l t a i c  p a n e l s  [ S o u r c e :  A u t h o r ] .

T a b l e  1 3 - 1 9 :  T e r m i n a l  b u i l d i n g  -  q u a n t i f y i n g 
i n v e r t e r  s i z e  [ S o u r c e :  A u t h o r ] .

G r a p h  1 3 - 0 1 :  S B A T  a s s e s s m e n t  o f  t h e  p r o j e c t 
[ S o u r c e :  A u t h o r ] .
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T a b l e  1 3 - 2 0 :  T e r m i n a l  b u i l d i n g  -  W a t e r  c o n s u m p t i o n  [ S o u r c e :  A u t h o r ] .

T a b l e  1 3 - 2 1 :  T e r m i n a l  b u i l d i n g  -  R a i n  w a t e r  c o l l e c t i o n  q u a n t i f i e d  
[ S o u r c e :  A u t h o r ] .

T a b l e  1 3 - 2 2 :  T e r m i n a l  b u i l d i n g  -  S a n d  f i l t e r 
s i z e  [ S o u r c e :  A u t h o r ] .

G r a p h  1 3 - 0 2 :  H e a t i n g  a n d  c o o l i n g  r e q u i r e -
m e n t s  o f  t h e  B R T  p l a t f o r m  [ S o u r c e :  A u t h o r ] .

T a b l e  1 3 - 2 3 :  T h e r m a l  s t o r a g e  c a p a c i t y  o f 
t h e r m a l  e n e r g y  s t o r e  [ S o u r c e :  A u t h o r ] .

 
 
 



303a p p e n d i x
T a b l e  1 3 - 2 4 :  B R T  E l e c t r i c a l  E q u i p t m e n t -  e n e r g y  c o n s u m p t i o n  [ S o u r c e :  A u t h o r ] .

1 3 . 4  BR  T  P r o t o t y p i c a l  
A N A LYSES   
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T a b l e  1 3 - 2 6 :  B R T  s t a t i o n  -  P h o t o v o l t a i c  s y s t e m 
a n d  b a t t e r y  b a n k  s t o r e  [ S o u r c e :  A u t h o r ] .

T a b l e  1 3 - 2 7 :  B R T  s t a t i o n  -  R o c k  s t o r e  s t o r a g e 
c a p a c i t y   [ S o u r c e :  A u t h o r ] .
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T a b l e  1 3 - 2 8 :  B R T  s t a t i o n  - R a i n  w a t e r   h a r v e s t i n g 
c a l c u l a t i o n s   [ S o u r c e :  A u t h o r ] .
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G r a p h  1 3 - 0 3 :  B R T  s t a t i o n  -  H e a t i n g  a n d  c o o l i n g 
r e q u i r e d  f o r  K i o s k  s t a t i o n   [ S o u r c e :  A u t h o r ] .

G r a p h  1 3 - 0 4 :  B R T  s t a t i o n  -  T h e r m a l  c o m f o r t 
o f  t i c k e t  o f f i c e   [ S o u r c e :  A u t h o r ] .

T a b l e  1 3 - 2 9 :  B R T  s t a t i o n  - S a n d  f i l t e r  s i z e 
c a l c u l a t e d   [ S o u r c e :  A u t h o r ] .

a p p e n d i x
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1 3 . 5 .  b r t  s y s t e m s 
i n f o r m at  i o n

1 3 . 5 . 1  F r e q u e n c y  a n d 
s t a t i s t i c s  o f  BR  T 
s y s t e m s
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