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Macro-­‐level	
  factors:	
  popula1on	
  
	
  	
  Popula1on	
  trends	
  1970	
  –	
  2030	
  

	
  	
  
	
   	
  	
   	
   	
  	
  

	
  	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Decrease	
  20-­‐40	
  %	
  
	
  
	
  

	
  Increase	
  50	
  –	
  250	
  %	
  
	
  

US	
  Census,	
  2002	
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Macro-­‐level	
  factors:	
  climate	
  change	
  
	
  	
  

Less	
  runoff	
  in	
  2041-­‐2060	
  rela1ve	
  to	
  1901-­‐1970	
  
	
  

P.C.D.	
  Milly,	
  USGS,	
  2005	
  



Macro-­‐level	
  factors:	
  ecosystems	
  	
  
	
  	
  

	
  
Kern	
  River	
  
New	
  York	
  Times	
  
June	
  5,	
  2008	
  

Calera	
  Creek	
  	
  
Pacifica,	
  CA	
  
Restored	
  ecosystem	
  
with	
  recycled	
  water	
  	
  



Macro-­‐level	
  factors:	
  living	
  sustainably	
  	
  
	
  	
  

By	
  2030	
  the	
  saved	
  water	
  will	
  be	
  about	
  98,000	
  ac-­‐W/y	
  	
  &	
  about	
  half	
  	
  from	
  water	
  recycling.	
  
From	
  Wa0s	
  to	
  Water,	
  Santa	
  Clara	
  Valley	
  Water	
  District,	
  2011	
  	
  	
  	
  
	
  
	
  

Water	
  	
  
recycling	
  

Water	
  	
  
conserva1on	
  

2030	
  



Re-­‐invenHng	
  the	
  NaHon’s	
  Urban	
  
Water	
  Infrastructure	
  [ReNUWIt]	
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SF	
  Bay	
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  Front	
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Tailored	
  Water	
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Water	
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  &	
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  Benefits	
  

Urban	
  Systems	
  Integra/on	
  &	
  Ins/tu/ons	
  	
  

Efficient	
  Engineered	
  Systems	
  	
   Natural	
  Water	
  	
  
Infrastructure	
  Systems	
  	
  

CO	
  Front	
  Range	
  SF	
  Bay	
  Area	
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Connec/ng	
  the	
  Dots	
  
April	
  16,	
  2012	
  

From	
  Energy-­‐for-­‐Water	
  to	
  
Energy-­‐from-­‐Water	
  

Craig	
  Criddle,	
  ReNUWIt	
  NSF	
  Engineering	
  Research	
  Center,	
  Woods	
  Ins/tute	
  for	
  
the	
  Environment,	
  Civil	
  and	
  Environmental	
  Engineering,	
  Stanford	
  University	
  



Many	
  people	
  live	
  where	
  there	
  is	
  liMle	
  freshwater.	
  

Popula/on	
  Density	
   Annual	
  Precipita/on	
  



Popula/on	
  Density	
   Annual	
  Precipita/on	
  



The	
  Past:	
  move	
  the	
  water	
  to	
  where	
  it	
  is	
  
needed,	
  oRen	
  at	
  high	
  energy	
  cost	
  

45	
  billion	
  m3/year	
  

From	
  Southern	
  China	
  to	
  Northern	
  China	
  

12	
  billion	
  m3/year	
  

>2	
  kWh/m3	
  	
  

From	
  Northern	
  California	
  to	
  
Southern	
  California	
  



Can	
  we	
  do	
  beMer?	
  



Local	
  genera/on	
  of	
  clean	
  water	
  	
  
	
  

• 	
  	
  Freshwater	
  from	
  seawater	
  
	
  
• 	
  	
  Freshwater	
  from	
  wastewater	
  
	
  

Wastewater	
  has	
  significant	
  advantages.	
  



Seawater	
  desalina/on	
  has	
  high	
  energy	
  
requirement:	
  similar	
  to	
  transpor/ng	
  
water	
  from	
  Northern	
  California	
  to	
  
Southern	
  Caifornia,	
  >2	
  kW-­‐h/m3	
  

	
  
	
  



Treated	
  wastewater	
  is	
  almost	
  fresh.	
  	
  	
  
	
  

Many	
  uses	
  of	
  treated	
  wastewater	
  do	
  not	
  
require	
  desalina/on.	
  	
  It	
  is	
  oRen	
  enough	
  to	
  
remove	
  organics	
  and	
  pathogens.	
  Its	
  further	
  

desalina/on	
  requires	
  ~0.4	
  kW-­‐h/m3	
  	
  
	
  



Centralized	
  
treatment	
  plant	
  

Wastewater
collec/on	
  
system	
  

Recycle	
  distances	
  
can	
  be	
  long	
  so	
  
costs	
  for	
  pipe	
  and	
  
pumping	
  of	
  reused	
  
water	
  can	
  be	
  high	
  

A	
  challenge	
  of	
  treated	
  wastewater	
  is	
  delivery	
  to	
  customers.	
  

Ocean,	
  Lake,	
  
River	
  



Sewer 

 
 

Water 
Use	
  

Agriculture 

Landscape 
Carbon	
  removal	
  

Disinfec/on/advanced	
  oxida/on	
  

But	
  decentralized	
  treatment	
  could	
  
enable	
  shorter	
  transport	
  distances	
  
&	
  tailored	
  water.	
  

Ecosystem 
restoration 

Cooling 

Washing 
clothes 

Flushing 
toilets 

Nitrogen	
  and	
  
phosphorus	
  
removal	
  

Aquifer 
storage 

Salt 
removal 



Centralized	
  
treatment	
  plant	
  

Decentralized	
  
treatment	
  
systems	
  

Ocean,	
  Lake,	
  
River	
  



Wastewater contains renewable energy 
present as organic matter and nitrogen 

1.7	
  kW-­‐h/m3	
  

0.3	
  kW-­‐h/m3	
  

From	
  combus/on	
  of	
  
reduced	
  carbon	
  (organics)	
  

From	
  combus/on	
  of	
  
reduced	
  nitrogen	
  
(ammonia)	
  

2	
  kW-­‐h/m3	
  	
  total	
  



But current treatment typically requires ~0.6 kWh/m3.  
About half the energy demand is for aeration. 

Separation of liquid from solids	
  

Anaerobic 
digester	
  

Wastewater	
  

Aerobic bioreactor	
  

Particulate 
organics	
  

Dissolved organics	
  

Energy for 
aeration	
  

Settled 
Biosolids	
  

Stabilized 
solids	
  

Energy from 
biogas	
  



Separation of 
liquid from solids	
  

Anaerobic 
digester	
  

Wastewater	
   Particulate 
organics	
  

Dissolved organics	
  

Energy from 
biogas	
  

Future treatment could virtually eliminate aeration 

More  
energy!	
  

Stabilized 
solids	
  

Anaerobic 
bioreactor	
  



Conventional strategies for nitrogen removal  
from wastewater consume significant energy.	
  

Conven/onal	
  strategy	
  

Ammonium	
   Nitrogen	
  gas	
  

These	
  electrons	
  could	
  have	
  
been	
  used	
  to	
  make	
  
methane.	
  

Power	
  is	
  
required	
  to	
  
deliver	
  
oxygen.	
  



2	
  pathways	
   N2O	
  
N2	
  
½O2	
  
82kJ	
  

AOB	
   Catalyst	
  

ParHal	
  nitrificaHon	
  
demonstrated	
  at	
  full-­‐
scale	
  

N2O	
  
decomposiHon	
  
demonstrated	
  or	
  
it	
  can	
  be	
  used	
  to	
  
burn	
  methane	
  

CANDO: Coupled	
  Aerobic-­‐anoxic	
  
Nitrous	
  Decomposi/on	
  

Yaniv	
  Scherson	
  

New	
  

Ammonia	
   Nitrite	
  

Hot	
  air!	
  

























A	
  few	
  insights	
  

1.  Get	
  out	
  ahead	
  
2.  Deadlines	
  are	
  criHcal	
  
3.  Cope	
  with	
  uncertainty	
  
4.  Tradeoffs	
  (and	
  trades)	
  

abound	
  



SomeHmes	
  pigs	
  DO	
  fly!	
  



Thank You! 


