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T he  p r op os e d  p r o gr am exp l or e d  by  the  ar c h i t ec t ur e  e n de av o urs  t o  re t u r n  me a n i n g  a n d  v a l ue  t o  th e  

de c ay i n g  c on d i t i o n  o f  t h e  " i n -b etw ee n " .  I t  s u g ges t s  a  s h i f t  f r om a n  e nv i r o nme nt  o f  d e ge n er at i o n  t o  on e  o f  

re ge n er at io n .  w h ic h  b y  m e a ns  o f  re d e f i n i n g  ex i s t i n g  in f r as t r uc t ur e  t o  es t ab l i s h  a  n ew co nt r ib ut i v e  

re l a t i o n sh ip  w i t h  i t s  s ur ro u n ds .  

T he  p r o gr am  o f  t h e  re g e ne rat i v e  i n f r as t r u c tu re  s h o u l d  a im  t o  r eh ab i l i t a te  th e  c i t y  b l oc k  t hr o u g h t h e  

u nv e i l i n g  a n d  ha r nes s i n g  l a t e nt  pot e nt i a l  o f  n e g l ec t ed  i n f r as t r uc t u res .  T h is  p ote nt i a l  ca n  be  exp a n de d  to  

p rov i de  i n h ab i t ant s  w i t h  a  sus t a i nab le  s o ur ce  o f  res o u rces  w h i l e  m a i nta i n i n g  a  be n e f i c i a l  re la t i o ns h i p  

be tw e en t h e  urb a n  a n d  th e  n at ur a l  e nv i ro n me nt .  

 

 

 

Figure 5.1 : Diagram illustrating components of the program of [infra]structure (Author, 2015).
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T he  b lo ck  o f  Br o w n St r eet ,  l o cat e d  at  t h e  N or t h  E as t er n  e d g e  o f  t he  P re t or i a  CB D ,  f orms  t h e  d e f i n i n g  

thr es h o l d  o f  t h e  S o utp a nsb er g  g ate w ay .  A s  p ar t  o f  c e nt r a l i z a t i o n ,  t h e  Ts h w a ne  2 0 55  v i s i on  p l a ns  t o  

es t ab l i s h  l i nk s  b e tw e e n t h e  C B D a n d  t h e  ec o n omi c  n o des  o f  H at f i e l d ,  Br o ok l y n ,  Me n ly n ,  I r e ne  a n d  

Ce nt ur i o n  v i a  f o rm al  t ra n sp or t  s ys te ms .  H ow ev e r ,  t h i s  p la n  o f  l i nk e d  dev e l opm e nt  h as  f a i l e d  t o  r ec o g n i z e  

th e  N or t h  E as t er n  g ate w ay ,  w h ic h  g ra nt s  a cc ess  t o  t he  C BD f r om t h e  No r t h  a n d  N or t h  E as t .   

On e  a  h um a n l ev e l ,  t he  h ub  resp o n ds  d i r ec t l y  t o  

i t s  l a te nt  c o nt ex t ua l  pot e nt i a l  o f  t r a nsp o r tat i o n  

w he re  t h e  v ar i o us  m o de s  o f  t r a nsp or t  are  

b ro u g ht  t o g et he r  h a rm o n i o us l y .  T he re fo re  

serv i ng  as  a n  urb a n  h ub  w he re  t he  c o l l ec t i o n  

a n d  co mm u ni cat i o n  o f  pe op l e  a n d  r es o urc es  

ma n i f es t  a n  e n er gy  w i t h i n  th e  co re  o f  t h e  c i t y  

b lo ck  an d  i n i t i a t e  a  p r oc es s  o f  t r a ns f or m at i o n .   

T he  N DP (N at i o na l  d ev e l opm e nt  p r o gr am)  

pub l i s h ed  fo r  t he  c i t y  o f  Pre t or ia  i n  2 01 3  

e nc o ur a ge  m u n ic ip a l i t i es  t o  i nv es t  i n  u rba n  

h ubs .  T he  p r o gr am  s u g ge s ts  a  s t r at e gy  t h at  w i l l  

e nab le  l o n g  t erm res t r uc t ur i n g  o f  o u r  urb a n  

se t t l em ent s  ( N M & A ss oc i a te s  P l an n ers  a n d  

De s i g ne rs ,  2 01 3 :  1 ) .   

T he  s t r ate gy  i s  b as ed  o n  a n  u n de rs t an d i n g  o f  

t h e  u rb a n  s t r uc t u re ,  w h ic h  s ees  o ur  c i t i e s  a s  

tw o  d is t i n c t  b ut  i n de pe n de nt  n e tw or ks  ( N M & 

A sso c i a te s  P l a n ne rs  a nd  D e s i g ner s ,  2 01 3 :  1 ) .  

T he  C B D o f  t h e  c i t y  i s  a t  t h e  ce nt r e  o f  t h e  

p r im ary  n e t wo rk .  

T he re  m ay  b e  a  f e w  n et wo rks  w i t h i n  a  m ul t i -

n o da l  urb a n  sy s tem  h o w ev e r ,  s u c h  p r im ary  

n e tw or k /s  f u nc t i o ns  a s  a n  a nc h or  a cc ess  

p rec i nc t .  T he  s ec o n da ry  n e t w ork s  fe e d  in t o  t he  

p r im ary  n e t wo rk .  A  “p or t a l ”  c o n ne c ts  t he  t w o  

t ypes  o f  ne t w or k ;  b r i d g i n g  b etw ee n ,  f or  ex amp l e ,  

t h e  sec o n da ry  n e t wo rks  in  a  t ow ns h ip  or  a  gr o up  

o f  t ow ns h ips  a n d  t h e  p r i mar y  ne t w or k  ( se e  

F i g ure  ##) .  S uc h  po r t a l s  o f fe r  a cce ss  t o  t he  

p r im ary  ne t w or k /  n od e  v i a  a  c omb i n at i on  o f  

h i g h er  or d er  p ub l i c  t r a nsp or t  l i nks .  T he  r a i l  

f o rms  t he  b ac kb o ne  o f  th e se  p ub l i c  t r a nsp or t  

n e tw or ks .  

I t  i s  f or  t h i s  r ea so n  t h at  t h ese  p o int s /  n o des /  

por t a l s  o f  m ax i mu m c o n ne c t i v i t y  b e t we e n th e  

p r im ary  a n d  t h e  se c o nd ar y  bec om e t he  i de a l  

p la ces  f or  l oc a l  re i n f o rc eme nt  a nd  c on ce nt rat i o n  

o f  res o u rce s  ( N M & A ss oc ia t es  P la n n ers  a n d  

De s i g ne rs ,  2 01 3 :  1 ) .  I f  we  ar e  t o  g i v e  m e a n i n g  t o  

th e  re s t r uc t ur i n g  i mpe rat i v e  o f  t he  N DP ,  f oc us  

sh o u l d  be  d r aw n t o  mo re  e qu i tab le  p at te r ns  o f  

ac cess  t hr o u g h sp at i a l  a n d  so c i a l  ec o n om ic  

in t e gr at io n .  I nv es t me nt  i n  th ese  h ubs  w i l l  be  

cat a l y t i c ;  t h e i r  ma rk et  dy n am ics  w i l l  i n  t ur n  

supp or t  sm a l l e r / l ow er  i n c om e n e i g hb o ur i n g  h ubs  

( NM & A ss oc i a t es  P l a n ne rs  a n d  D es i g n ers ,  

2 01 3 :  1 ) .   

T he se  h ub s  w i l l  f o rm t h e  co n n ec t i o n  be t we e n t h e  

CB D a n d  t he  b r o a de r  c i t y  ar ea .  A s  p o i nts  o f  
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co n n ec t i o n ,  t h ey  s ho u ld  p r ov i d e  a  se rv i ce  n ot  

o n l y  t o  t he  l o ca l  re s i de nt s  but  a l s o  t h ose  w i t h i n  

th e  b ro a d l y  d e f in e d  a re a  ( re g i o n  o f  d i s t r i c t ) .  

Hubs  s h o u l d  f un c t i o n  as  ur ba n  "s erv i c e  c e nt r es  

" .  A  n umb er  o f  imp or t a nt  p ub l i c  s erv i c es  m ust  

h ere  be  c o mb i n ed  w i th  c o mmer c i a l  a c t i v i t i es .  

Ess e nt i a l l y ,  t h i s  de f i n es  t h e  r o l e  o f  a  t ow n  

ce nt r e .  H is t or i c a l l y ,  t o w n c e nt re s  ho ld  symb o l i c  

v a l u e  as  t h ey  d ev e lop  ov er  t ime  a n d  so  b ec om e 

me a n i n gf u l  t o  t h e  pe op le  w h o  us e  t he m.  I t  

sh o u l d  th er e f o re  be  t he  i n t e nt i o n  o f  u rb a n  h ubs  

t o  a t ta i n  c u l t u r a l  s i g n i f i c a n ce  (A f r i ca n  Id e nt i t y ) .  

Res i de nt i a l  c omp o ne nt s  a r e  a not h er  fe at ur e  o f  

t o wn c e nt r es .   C omm erc ia l  l a n d  use  a n d  

t ra nsp o r t  se rv i c es  ar e  h eav i l y  re l i a nt  o n  

res id e nt i a l  d ev e l opm e nts .  Re s i de nts  a l s o  

p rov i de  ess e nt i a l  l ev e l s  o f  v ib r a ncy  a n d  

in c r e ase d  l ev e l s  o f  p as s i v e  se c ur i t y .  W i t h o ut  

res id e nt i a l  i n te g r at i o n  a n d  the  res u l t ant  24 - 7  

oc cu pa n cy  a n d  acc ess ib i l i t y ,  i t  i s  l i k e l y  t h at  

th ese  h ubs  w i l l  n ot  s ucc ee d .  I n  co n c l us io n ,  a n  

urb a n  h u b  s h o u l d  b e  a  serv i c e  p o i nt  ( k ey  

h o us i n g /  w or k i n g  d es t i n at i o n  f or  l oc a l  

res id e nts ) ;  a  p ote nt ia l  dr aw -c ar d  i n to  th e  ar e a  

fo r  o uts i de  r es id e nts ;  a n d  a  g at ew ay  t o  t he  

b ro a de r  urb a n  ar e a  fo r  l oc a l  re s i d ent s .  T h e  

urb a n  h ub  h as  t h e  p ot e nt i a l  t o  ad dr ess  a  

n umb er  o f  ne e ds  s im ul t a ne o us l y .  T he se  i nc l u d e  

soc i a l  p r ob l ems ,  s uc h  as ,  u n emp l oym e nt ,  c r im e ,  

de g ra d e d  e nv i ro n me nts ,  l ac k  o f  k ey  bu lk  

in f r as t r uc t ur e ,  b ase  l oc a l  a n d  met r o  w i d e  

co n n ec t i v i t y ;  b ut  a l s o  b r o a d  co n ce rn s  o f  a  l o w  

p r i v ate  se c to r  c o n f i de n ce  l ev e l  a n d  s oc i a l  

ec o n omi c  i n t e gr at io n .  I f  t h e se  n ew  h ubs  ar e  t o  

suc ce e d  as  v ib r a nt ,  m i x e d - use  e nv i r on me nts  

th ey  m ust  c r eat e  a  s e ns e  o f  p l ac e ;  c ate r  f or  

th os e  o n  f oot ;  b e  s t r uc t u re d  ar o u nd  a  s a fe ,  

co nv e n i e nt ,  s ec u re  a n d  c om f or t ab l e  p ub l i c  spa ce  

n etw or k ;  a n d  b e  s upp or t ed  b y  a  m i x  o f  l a n d  us es  

a n d  a c t i v i t i es .  

I n h ab i ta nt s  o f  t h e  i n - bet we e n h av e  t u r ne d  t h e  

co n d i t i o n  o f  d ec ay  an d  d is a dv a nt a ge  t o  an  

a dv a nt a g e ;  r ecyc l i n g  m a n a g eab le  q u a nt i t i es  o f  

i n d us t r i a l  s c rap  m eta l  i n  t h e  c r eat i v e  p r o d uc t i on  

o f  sc u lp t ur e .  T h is  g i v es  r i s e  t o  th e  opp or t u n i t y  

o f  i nc l u d in g  e d uc at i o n a l  a n d  c u l t u ra l  r ecyc l i n g  

as  a  co mp on e nt  o f  t he  r e ge n er at i v e  sys t em  

(L i t tm a n ,  2 0 0 9:  3) .  T he  Com m un i t y  Gre e n  

S tat io n  ( s e e  p r ec e de nt  4 . 3 )  i s  a n  i d e a l  e x amp l e  

o f  h ow r ecy c l in g  e f fo r t s  c a n  ass is t  r e g en er at i v e  

t ra ns f orm at io n  w i t h i n  a  d i l ap id at e d  ar e a .  

A cc omm o dat i n g  t h es e  r ecy c l in g  p r oc ess es  i n  th e  

p rop os e d  [ i n f r a ]s t r uc t ur e  w i l l  h e lp  t o  re d uc e  

w as te  o n  s i t e  a nd ,  i n  tu r n ,  c l e ar  t h e  m uc h  

n ee de d  " i n -bet w ee n "  sp ac e s  o f  t h e  c i t y  b l oc k .  

T he  d es i g n  o f  t he  b u i l d i n g  i n t en ds  t o  t ra n s f orm  

th ese  sp ac es  in t o  p ub l i c  r o ute s  t h at  i mpr ov e  

ped es t r i a n  mo b i l i t y .  T he re f or e ,  t he  "pe op le  o f  

c r i s i s "  or  " t h e  i n h ab i t a nts  o f  t h e  i n - bet we e n "  

(W oo ds ,  1 9 9 7:  1 3) ;  t h e  i n f orm a l  ar t i s an s ;  a n d  

th e  i n d i v i d u a ls  re sp on s ib l e  f o r  t h e  i n f orm a l  

recy c l in g  e f fo r t s  a re  t he  ar t i s t s /  ar t i s a ns  

resp o ns ib l e  f o r  t h e  r ecy c l i n g  co mp o ne nt  o f  t h e  

[ i n f r a ]s t r uc t ur e .  T he se  a r t i s a ns  a l s o  p l ay  

a n ot her  c r uc i a l  ro le  i n  a d d ed  s ec ur i t y  th ro u g h  

surv e i l l a nc e .   
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W ater  i s  a n  ess ent i a l  f e at u re  w h ic h  c ont r ib ut es  

t o  th e  l i v e ab i l i t y  o f  a  c i t y .  I t  i s  n ot  o n l y  

n ece ss ary  t o  s us t a in  h u ma n l i f e  b ut  i s  a l s o  t o  

l i f e  so u rc e  o f  t h e  n at ur a l  w or l d .  Ba se d  o n  t he  

ass umpt i o n  th at  by  th e  ye ar  20 25 t he re  w i l l  be  

a  s h o r ta g e  o f  w ate r ,  a r r a n ge me nts  m ust  be  

ma de  t o  as su re  p r ov is i o n  o f  pot ab le  w ate r  t h at  

i s  not  o n l y  s us t a i n ab l e  b ut  a l so  re g e ne rat i v e .   

T he  f o l l ow i n g  se c t i o n  d esc r i bes  h o w c o ntex t u a l l y  

dr i v e n  p r o gr am s  h av e  bee n  f or m ul ate d  t o  

a dd res s  th e  pot e nt i a l  w ate r  c r i s i s ,  w h i l e  

s im ul t a n eo us l y  a d dr ess i ng  urb a n  d ec ay  i n  a  

re ge n er at i v e  m a n ne r .  Th e  i nc l us i o n  o f  w at er  i n  

th e  i n te rv e nt io n  i s  imp or t a nt  t o  t h e  imm e d i at e  

s i t e  a nd  f o rms  th e  d r i v er  o f  t he  p r o j ec t ’ s  urb a n  

com po n e nt .  I t  ass u res  t he  s i t e  i nc l us i o n  i n  t h e  

Ts h wa n e  20 5 5 urb a n v i s i o n .   

 

T he  em er g i n g  f i e ld  o f  ec o l o g i c a l  de s i g n  c a n  

a dd res s  a  b r oa d  r a n g e  o f  i s s u es .  I t  w i l l  

i n f l u e nc e  th e  f u t ur e  o f  w as te  w ate r  t re at me nt ,  

e nv i r o nm e nt a l  re s to r at i o n  a n d  r em e d i at i o n ,  f o o d  

p ro d uc t i o n ,  f u e l  ge n er at i o n ,  ar ch i t ec t ur e  a n d  

th e  d es ig n  o f  h um a n se t t l e me nt s .  E co l o gy  i s  t h e  

fo u n d at i o n  fo r  t he  d ev e l opm e nt  o f  n ew  

tec h n o l o gy  c ap ab l e  o f  s upp o r t i n g  s oc ie t y  (T o d d ,  

19 9 6:  1 0 9) .  E c o l o g ic a l  en g i n e er i n g  i s  me re l y  

thr ee  de c ad es  o l d  a n d  at t e mpts  t o  c o d i f y  d es i g n  

p r i nc ip l es  t h er eo f  mu s t  t h u s  be  t e nt at i v e .  A s  a  

d is c ip l i n e ,  i t  i s  o n l y  i n  t h e  pas t  fe w  y e ars  th at  

ec o l o g i c a l  e n g i ne er i n g  h as  b ee n  fo rm al i ze d .   

T he  t e rms  ec o l o g ic a l  t ec h n o l o gy ,  l i v i n g  

t ec h n o l o gy  a nd  l i v i n g  mac h i ne  a re  u se d  

in t er c ha n g e ab l y .  M i t sc h  ( 19 9 3)  s tat es  t h at  

"e c o l o g i ca l  e n g i n ee rs  pa r t i c ip ate  i n  e c osys t em  

de s i g n  p r ov i d i n g  c h o ic es  o f  i n i t i a l  sp ec ies  as  

we l l  a s  th e  s ta r t i n g  c o nd i t i o ns ;  n at ur e  d oe s  th e  

res t " .  T h i s  v i e w  re pre se nts  a  f u n da me nt a l  s h i f t  

i n  th i nk i n g  ab o ut  t he  re la t i o ns h ip  o f  h u ma n s  

w i t h  o t h er  f o rms  o f  l i f e  i n  a  t ec h n o l o g ic a l  

se t t i n g  (T o d d ,  1 9 96 :  1 1 0) .  Su c h  e ng i ne er i n g  

a l l o ws  f or  t h e  s am e t o  b e  s a id  f or  ec o l o gy  w i t h i n  

th e  re a lm  o f  t h e  b u i l t  e nv i r o nm e nt .  
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I n f r as t r u c t ur e  s h o u l d  f o rm par t  o f  t h e  p r oc ess ,  m e d i at i n g  b e tw e e n t he  qu es t i o ns  a n d  t he i r  a rc h i t ec t u ra l  

resp o ns es .  A s  a rc h i t ec t s  r ec l a im  t he i r  or i g i n a l  t o o l s ,  t h ey  s h o u l d  r e l a t e  a rc h i t ec t ur e  t o  m ate r i a l  

p ra c t i c es ,  s uc h  as ,  e c o l o gy  a n d  e n g i ne er in g ;  p r a c t i c e s  th at  ar e  c o nc er n e d  w i t h  th e  c o nc ep t i o n  a n d  

t ra ns f orm at io n  o f  l a r g e  sc a l e  ass emb l a g es  ov er  t im e  ( De l a l ex ,  2 0 06 :  54 ) .  B as ed  o n  t h e  i d ea  t h at  

in f r as t r uc t ur e  i s  t o  be c om e ar c h i t ec t ur e ,  i t  i s  t h e n  ess ent i a l  t o  u n de rs t an d  t h e  p ro ces s  o f  w ater  

t re atm e nt .  I t  i s  c r uc i a l  t o  g r asp  h o w th is  p ro ces s  f ac i l i t a tes  t he  c r eat i o n  o f  sp ac e .   

 

T he  L i v i n g  Ma c h i n e  i s  a n  e mer g i ng  w as te w at er  

t re atm e nt  t ec h n o l o gy .  I t  u t i l i z es  a  se r i es  o f  

t a nk s  th at  s upp or t  v e get at i o n  a n d  a  v ar i e t y  o f  

o t he r  o r g an ism s .  E n g i n ee re d  by  Dr .  J o h n  T o dd ,  

th e  m ac h i ne  g ets  i t s  n am e f r om t h e  w ay  in  w h ic h  

th e  e co l og ic a l l y -b ase d  co mpo n e nts  ar e  

in t e gr at ed  i n  t he  t re atm e nt  p ro cess .  T he  L i v i n g  

M ac h i n e  i nc orp or at es  m a ny  o f  t h e  ba s ic  

p r i nc ip l es  use d  i n  c o nv e nt i o n a l  b i o l o g ic a l  

t re atm e nt  sys tem s ;  i n c l u d i n g  s ed im e ntat i o n ,  

f i l t r a t i o n ,  c l ar i f i c a t i o n ,  abs orp t i o n ,  n i t r i f i ca t i o n  

a n d  d e - n i t r i f i c a t i on ,  v o l a t i l i z a t i on ,  as  we l l  as  

a n ae rob ic  an d  aer ob ic  d ec o mpos i t i o n .  P r im ar i l y ,  

i t  i s  t h e  us e  o f  p l a nts  a n d  a n im a ls  i n  th e  

t re atm e nt  p r oc ess  th at  se t s  th e  sy s tem  apa r t  

f r om c o nv e nt i o n a l  w ate r  t r e atm e nt .  I t  s h o u l d  be  

n ote d ,  h o wev er ,  t h at  w h i l e  t he  sys t em is  

ae s t het i c a l l y  a ppe a l i n g ,  t h e  ex te nt  t o  w h i c h  t he  

a n i ma ls  a n d  p l a nts  c o nt r ib u te  t o  t he  t r e atm ent  

p ro ces s  i n  t h e  c u r r e nt  d e s i g n  o f  t h e  L i v i n g  

M ac h i n e  i s  s t i l l  be i n g  v er i f i e d .  T h e  L i v i ng  

M ac h i n e ,  I nc .  d esc r ib es  a  w as t ew at er  t r e atm e nt  

s y s tem t h at  i t  i s  c ap ab l e  o f  ac h i ev i n g  t er t i ary  

t re atm e nt ;  c os ts  l e ss  t o  op er at e  t h a n  

co nv e nt i o n a l  s ys t ems  w h en  us ed  t o  ac h iev e  a  

t e r t i a ry  l ev e l  o f  t r eat me nt ;  an d  d o es  n ot  

phys ic a l l y  req u i r e  ch em ic a ls  that  ar e  h ar mf u l  t o  

th e  e nv i r o nm e nt  as  p a r t  o f  i t s  t r e atm ent  

p ro ces s  (L i v i n g  M ac h i ne s ,  I n c . ,  2 0 01 ) .  

 

"S ev e ra l  f e de ra l l y - f u n d ed  L i v in g  M ac h i ne ® d em o nst rat i o n  sys t ems  h av e  b ee n  c o ns t ru c te d ,  t h e  l a r ges t  o f  

w h ic h  ha n d l e d  de s i g n  f l o ws  o f  up  t o  8 0, 0 0 0 gp d .  A s  c on f i g ur e d  f o r  t he se  d em o nst r a t io ns ,  t h es e  sys t em s  

t re ate d  m u n ic ip a l  w as t ew a ters  a t  v ar i o us  s t re n gt hs ,  a nd  re l i ab l y  p ro d uc e d  e f f l u e nts  w i t h  f i v e - d ay  

b io c he mic a l  ox y ge n  d em a n d (BO D 5) ,  t o t a l  s usp e nd e d  s o l ids  ( TSS) ,  a nd  T ot a l  N i t r o g e n  <  1 0  m g/ L ,  N i t r a te  

<  5  m g/ L ,  a nd  A mm o n i a  <  1  mg /L  (U .S .  EPA ,  2 00 1  a n d  s ee  Ta b le  1 ) .  W i t h  re g ar d  t o  ph osp h or us  r em ov a l ,  

t h e  L i v i n g  M ac h i ne ® pr oc es s  i s  c ap ab l e  o f  ab o ut  5 0 pe r ce nt  r em ov a l  w i t h  i n f l u e nts  w i t h i n  th e  5 -1 1  m g/L  

ra n g e”  (U .S .  E PA ,  2 0 01 ) .  T HE C OM PO NE N TS OF  TH E L IV I NG MA CHI N E® :  ( 1 )  A NA E RO BIC  R EA C TO R,  (2 )  

A NO X I C  REA CT OR ,  ( 3)  CLO S E D A E RO BI C  R EA C TO R,  (4 )  OPE N A E RO BIC  REA CT OR S,  A ND (5)  C LA R IF I E R .  
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W he n ac t i v ate d ,  t h e  an a er o b ic  r e ac t or  s erv es  as  t he  i n i t i a l  s t ep  o f  t h e  w at er  t r e atm e nt  p r oc ess .  T h e  

re ac t or  h as  a  s im i l ar  f u nc t i o n  t o  t h at  o f  a  s ep t i c  t a nk  a n d  i s  us ua l l y  c ov er e d  or  bur ie d  b e l o w gr o u n d  

l ev e l .  T h e  m a i n  in t e nt i o n  o f  t h i s  i n i t i a l  s t ep  i s  t o  re d u ce  t h e  c o nc e nt r at io n  o f  BO D 5  a n d  s o l i ds  i n  t he  

w as te  w at er  p r i or  t o  i t s  t re atm e nt  by  t h e  e ns u i n g  c omp o n ent s .  W h e n ne ces sa r y ,  g ase s  ar e  p as s e d  

thr o u g h a n  a c t i v a t ed  c arb o n  f i l t e r  t o  c o nt ro l  od o ur  ( U .S .  EPA ,  2 0 01 :  2 ) .    

T he  a n ox i c  re a c to r  i s  m i xe d  a n d  h as  c o nt r o l l e d  a er at io n  t o  p r ev e nt  a n a er ob i c  c o n d i t i o ns .  T h e  m a i n  

purp os e  o f  t h i s  c om po n e nt  i s  t o  p r om ot e  g r owt h  o f  f l o c - f orm i ng  m ic ro - or g a n isms ,  wh ic h  w i l l  r em ov e  a  

s i g n i f i c a nt  p or t i o n  o f  r em a in i n g  BO D 5 .  M i x in g  i s  a cc o mp l i s h e d  th ro u g h ae rat i o n  by  a  c oa rse  b ubb le  

d i f f us er .  A dd i t i o n a l l y ,  a n  a t tac h ed  g r owt h  me d i u m c a n  be  p l ac e d  i n  t h e  c omp a r t me nt  t o  f ac i l i t a te  t h e  

gr o wt h  o f  b ac t er i a  a n d  m ic r o or g a n is ms  (U .S .  EPA ,  20 0 1 :  2 ) .    

T he  pu rp ose  o f  t he  c l os e d  a er ob i c  r e ac t or  i s  t o  r ed u ce  w as te w ate r  B O D 5  t o  a  l o w  l e v e l ,  t o  re mov e  f ur t he r  

o do r o us  g ase s  a n d  t o  s t im ul ate  n i t r i f i c a t i o n .  I n  or d er  t o  rem ov e  od o ro us  g as es  t h e  t a nk  i s  co up le d  w i t h  a  

b io - f i l t e r .  T h e  b io - f i l t e r  i s  t yp i c a l l y  s i t u at e d  ov e r  t he  r ea c t or  a n d  i s  p l a nt ed  w i t h  v e get at i o n  t o  c o nt r o l  

mo is t ur e  l ev e l s  i n  t h e  f i l t e r  mat er ia l .  ( U .S .  EPA ,  2 0 01 :  2 ) .  

Nex t  i n  t h e  p r o cess  i s  th e  s e r ie s  o f  a er ob i c  r e ac t ors .  T he se  ar e  s im i la r  t o  t h e  c l os e  a n ae r ob ic  r ea c t ors  i n  

bot h  d es i g n  a n d  m ec h a n ic s ;  h ow ev e r ,  i ns te a d  o f  b e i n g  cov er ed  w i t h  a  b i o - f i l t e r ,  t h e  su r f ac es  o f  t h ese  

re ac t ors  ar e  c ov er ed  w i t h  v e get at i o n  s upp or t ed  by  r ack s .  T he se  p l a nts  p r ov i de  t he  s ur f a ce  a re a  o f  t h e  

w as te w ate r  w i t h  m ic r ob ia l  gr o wt h ,  p er f orm n ut r ie nt  u p ta ke  a n d  c a n  se rv e  as  a  h ab i t a t  f or  b en e f i c i a l  

i n se c ts  a n d  m ic r o - or g a n is m s .  T he  aer ob ic  re a c t ors  a re  de s i g ne d  to  on ce  ag a i n  r e d u ce  t h e  l ev e l s  o f  BO D 5  

a n d  a l so  t o  c omp l e t e  th e  p r oc ess  o f  n i t r i f i c a t i on .  T h e  s i ze  a n d  n umb er  o f  t h ese  t a n ks  a re  dep e n de nt  on  

th e  i n f l ue nt  c ha r ac te r i s t i cs ,  e f f l u e nt  r eq u i re me nts ,  f l o w  c o n d i t i o ns ,  a n d  th e  de s i g n ’ s  w at er  a n d  a i r  

t emp er at ur es  (U .S .  EPA ,  2 0 01 :  2 ) .  
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A  c l ar i f i e r  i s  us ed  a s  t h i s  com po n e nt  i n  t he  sys t em.  T he  ta n k  a l l ows  f or  t he  r e ma i n i n g  s o l i ds  t o  b e  

sep ar ate d  f r om  t he  t r eat e d  w as t ew at er .  T he  se t t l e d  s o l i ds  ar e  p um pe d i n to  t he  c l os ed  aer ob ic  re a c to r  

( s tep  5) ,  o r  t r a ns f er r e d  to  a  h o ld i n g  ta n k  a n d  t he n  r e mo v ed  fo r  d i sp os a l .  T h e  su r fa ce  o f  t he  c l ar i f i e r  i s  

o f t e n  c ov er ed  w i t h  d uc k we e d ,  w h ic h  p r ev e nt s  th e  gr o wt h  o f  a lg a e  i n  t h e  r e ac t or  (U .S .  EPA ,  2 0 01 :  2 ) .    

T he  L i v i n g  M a c h i n e  i s  d e s i g ne d  t o  b e  c ap ab le  o f  t re at i n g  b ot h  m un ic ip a l  a n d  s om e i n d us t r i a l  

w as te w ate rs .  H o wev er ,  d ue  t o  t h e  f ac t  t h at  t he  t r eat me nt  p r oc ess  req u i r es  p l a nts ,  i t  c a n  ta k e  up  m ore  

spac e  t h a n  c o nv e nt i o na l  s y s tems .  A  p os i t i v e  t o  b e  c o n s id er e d  i s  t h e  ed u cat i o na l  be ne f i t s  o f  t he  L i v i n g  

M ac h i n e ;  t o  c r e ate  a w a r en e ss  o f  t he  a dv a nt a ge s  o f  w at er  t r e atm e nt  a nd  h o w s uc h  t re atm e nt  p r oc ess es  

co nt a i n  re g e ne rat i v e  po ss ib i l i t i es .  

 

Figure 5.2 : Diagram illustrating the Living Machine as incorporated into small scale system (Author, 2015). 
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Figure 5.3 : Photographs of an original Living Machine system components (reference, 2015).  
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Figure 5.4 : Diagram illustrating components of the Living Machine as incorporated into a baseline iteration (Author, 2015).  
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Figure 5.5 : Diagram illustrating components of the Living Machine as incorporated into an early design iteration (Author, 2015).  
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