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Advantages	
  of	
  Using	
  Rainwater	
  	
  
• Saves	
  You	
  Money	
  
• Helps	
  Reduce	
  Stormwater	
  Pollu8on	
  
• Conserves	
  Water	
  
• Be<er	
  for	
  Plants	
  and	
  Gardens	
  



Advantages	
  of	
  Using	
  Rainwater	
  	
  
• Pier	
  27	
  	
  -­‐	
  San	
  Francisco	
  –	
  22.28	
  inches	
  of	
  rain	
  -­‐	
  	
  	
  KMD	
  Architects	
  +PLA	
  
• Toilet	
  Flushing	
  (33	
  units)	
  
• Urinal	
  (13	
  units)	
  
• Irriga>on	
  area:	
  Approximately	
  67,000	
  square	
  feet	
  



The	
  New	
  Hydrologic	
  Cycle	
  



Planning Goals – Stormwater and The Clean Water Act  

“We	
  pay	
  to	
  bring	
  water	
  in,	
  we	
  pay	
  to	
  get	
  rid	
  of	
  it,	
  and	
  the	
  
water	
  that	
  is	
  free,	
  we	
  pay	
  to	
  channel	
  it	
  away	
  as	
  fast	
  as	
  
possible	
  through	
  costly	
  stormwater	
  	
  infrastructures.”	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
-­‐Georgia	
  Taxpayer,	
  2013	
  



Total	
  RooBop	
  Rainfall	
  For	
  Eight	
  US	
  CiEes	
  
Capturing	
  Rainwater	
  from	
  RooNops:	
  An	
  Efficient	
  Water	
  Resource	
  
Management	
  Strategy	
  that	
  Increases	
  Supply	
  and	
  Reduces	
  Pollu>on	
  

www.nrdc.org/water/files/rooNoprainwatercapture.pdf	
  



USE	
  It	
  for	
  grey	
  water	
  and	
  irrigaEon	
  





Low	
  Hanging	
  Fruit	
  –	
  Water	
  Use	
  in	
  Buildings	
  
hWp://www.epa.gov/watersense/commercial/docs/
watersense_at_work/#/10/zoomed	
  

1/3 Savings Potential - low 
hanging fruit




States	
  with	
  Rainwater	
  LegislaEon	
  
hWp://www.ncsl.org/research/environment-­‐and-­‐natural-­‐resources/
rainwater-­‐harves>ng.aspx	
  



Stormwater	
  Best	
  PracEces	
  –	
  San	
  Francisco	
  

Think	
  of	
  stormwater	
  as	
  a	
  resource,	
  not	
  a	
  waste	
  product!	
  



Stormwater	
  Best	
  PracEces	
  -­‐	
  Fairfax	
  County	
  



Rainwater	
  HarvesEng	
  Guidelines	
  By	
  State	
  



Eco	
  Boulevard	
  –	
  Urban	
  Lab	
  
Growing	
  Water:	
  hWp://www.urbanlab.com/urban/ecoblvd.html	
  



QUEENS	
  BOTANICAL	
  
GARDENS	
  
FLUSHING,	
  NEW	
  YORK	
  
COURTESY:	
  HOK	
  AND	
  ATELIER	
  DREISEITL	
  

End	
  Uses:	
  
Toilet	
  Flushing	
  
Irriga>on	
  
Water	
  Features	
  -­‐	
  Fountains	
  



METRO	
  INTERMODAL	
  

TRANSIT	
  CENTER	
  

AKRON,	
  OHIO	
  
GPD	
  GROUP	
  

End	
  uses:	
  
Toilet	
  Flushing:	
  12	
  toilets	
  and	
  urinals	
  
Irriga>on:	
  Approx.	
  usage	
  variable	
  based	
  on	
  
weather	
  

Todd	
  Williams,	
  Shoo>ng	
  Star	
  Photography	
  



NOAA	
  CENTER	
  FOR	
  WEATHER	
  &	
  
CLIMATE	
  PROTECTION	
  
COLLEGE	
  PARK,	
  MARYLAND	
  
COURTESY:	
  HOK	
  AND	
  ALAN	
  KATCHMER	
  

End	
  Uses:	
  
Toilet	
  Flushing:	
  Dual	
  flush	
  toilets—men	
  =	
  
27;	
  women	
  =	
  47;	
  waterless	
  urinals	
  =14	
  
Irriga>on:	
  Na>ve	
  &	
  draught-­‐resistant	
  
plant	
  species	
  used,	
  minimal	
  irriga>on	
  
provided.	
  	
  	
  
Water	
  Feature:	
  Rainwater	
  waterfall	
  	
  

Alan	
  Karchmer	
  



Design	
  For	
  End	
  Use	
  and	
  Reliable	
  Maintenance	
  
www.wiley.com/go/rainwaterharves>ng	
  

Atelier	
  Dreiseitl	
   (Germany,	
   China,	
  US)	
  Mathew	
  &	
  
Gosh	
  Architects	
  (India),	
  Perkins+Will	
  (Canada	
  and	
  
US),	
   Lake	
   Flato,	
   SmithGroup,	
   Quinn	
   Evan,s	
   LP3	
  
Architects,	
   AECOM,	
   Integrated	
   Architects,	
   HOK,	
  
MSM	
   Architects,	
   M2	
   Architects,	
   KMD	
   Architects	
  
+PLA,	
   GPD	
   Group,	
   VMDO,	
   Waller	
   Todd	
   and	
  
Sandler,	
   William	
   McDonough	
   and	
   Associates.	
  
USGBC	
   LEED,	
   BREEAM,	
   Living	
   Building	
   Challenge,	
  
Green	
  Globes,	
   Passive	
   House	
   Standards.	
   Schools,	
  
universi8es,	
  municipal	
   buildings,	
   animal	
   shelters,	
  
low	
   income	
  housing,	
  fire	
   sta8ons,	
  grocery	
   stores,	
  
industrial	
  buildings,	
  animal	
  feedlots,	
  offices,	
  



Onsite	
  AlternaEve	
  Water	
  Sources	
  
Source	
  for	
  Table	
  8-­‐1:	
  hWp://www.epa.gov/watersense/commercial/docs/watersense_at_work/#/261/
zoomed	
  

For	
  informaEon	
  on	
  Condensate	
  CollecEon:	
  
	
  h^p://www.saws.org/conservaEon/commercial/Condensate/docs/SACCUManual_20131021.pdf	
  



Water	
  Balance	
  Equa>on	
  (demand	
  =	
  supply)	
  

•  Create a water audit.

•  Calculate rainwater supply.

•  Calculate water demand inside and outside of the building

•  Size the collection tank or cistern and site requirements




Key	
  Elements	
  of	
  A	
  Rainwater	
  CollecEon	
  System	
  

1.   CollecEon/catchment	
  surface	
  

2.   Conveyance	
  
3.   Pre-­‐filtraEon/debris	
  Exclusion	
  
4.   Storage	
  -­‐	
  Above	
  or	
  Below	
  Grade	
  
5.   DistribuEon	
  



CollecEon	
  Formula	
  
NOAA	
  30	
  year	
  data	
  on	
  annual	
  rainfall	
  and	
  precipita>on	
  easy	
  to	
  find.	
  

VSUPPLY = A x  P  x  C  x  0.623

where VSUPPLY = volume of available water (gal)



P = annual precipitation (in)


A = collection surface area (ft2)



C = runoff coefficient (dimensionless)

Note: The value “0.623” is a conversion factor




A	
  New	
  Return	
  On	
  Investment	
  

CostRWH	
  –	
  CostMW	
  =	
  ROI	
  
Where	
  	
  CostRWH	
  =	
  cost	
  of	
  rainwater	
  harves>ng	
  system	
  ($),	
  

	
  	
  	
  	
  	
  	
  CostMW	
  =	
  cost	
  of	
  municipal	
  water	
  over	
  >me	
  ($)	
  

OR	
  

CostRWH	
  –	
  CostMW	
  –	
  ED	
  –PP	
  –	
  RR	
  –	
  SI	
  –	
  HT	
  –	
  MF	
  –	
  BA	
  –	
  MB	
  =	
  ROI	
  
ED	
  =	
  environmental	
  degrada>on	
  ($)	
  
PP	
  =	
  pollu>on	
  preven>on	
  ($)	
  
RR	
  =	
  river	
  restora>on	
  ($)	
  	
  
SI	
  =	
  stormwater	
  infrastructure	
  ($)	
  
HT	
  =	
  increase	
  in	
  tax	
  rates	
  ($)	
  	
  
MF	
  =	
  municipal	
  fees	
  ($)	
  	
  
BA	
  =	
  increase	
  in	
  buildable	
  area	
  ($)	
  
MB	
  =	
  costs	
  associated	
  with	
  market	
  branding	
  ($)	
  



Decentralized	
  Water	
  Infrastructures	
  

A	
  modern	
  decentralized	
  water	
  infrastructure	
  can	
  
include	
  site-­‐collected	
  rainwater,	
  graywater,	
  
stormwater,	
  and	
  blackwater	
  systems.	
  	
  
• These	
  alterna7ve	
  water	
  sources	
  may	
  never	
  totally	
  
replace	
  centralized	
  systems.	
  	
  
• They	
  do	
  help	
  manage	
  and	
  store	
  water	
  and	
  treat	
  it	
  
to	
  various	
  levels	
  of	
  quality	
  for	
  use	
  in	
  buildings/
sites.	
  	
  
• By	
  designing	
  the	
  site	
  and	
  building	
  as	
  a	
  complete	
  
system	
  for	
  water	
  storage	
  and	
  use,	
  designers	
  can	
  
conserve	
  water	
  resources,	
  save	
  energy,	
  and	
  
reduce	
  the	
  cost	
  to	
  community	
  treatment	
  facili8es.	
  	
  



Water	
  Use	
  In	
  Schools	
  
PAC	
  Ins>tuteSource	
  for	
  many	
  demand	
  tables	
  hWp://www.pacinst.org/wp-­‐
content/uploads/sites/21/2013/02/appendix_e3.pdf	
  



Rainwater	
  For	
  Similar	
  Schools	
  In	
  Different	
  Climate	
  Zones	
  

San Francisco


New York


Phoenix


Ann Arbor




Example:	
  Comparison	
  of	
  Rainwater	
  CollecEon	
  in	
  Five	
  
Schools	
  
Less	
  than	
  a	
  100,000	
  gallon	
  deficit.	
  	
  Poten>ally	
  could	
  be	
  made	
  up	
  with	
  
condensate	
  or	
  another	
  source	
  such	
  as	
  gray	
  water	
  use.	
  



Fowler	
  Drive	
  Elementary	
  –	
  Atlanta,	
  Georgia	
  
Even	
  with	
  a	
  smaller	
  roof	
  than	
  hypothe>cal	
  examples,	
  two	
  10,000	
  gallon	
  
tanks	
  support	
  the	
  needs	
  of	
  the	
  school	
  with	
  a	
  four	
  year	
  payback!	
  



Maintenance	
  
hWp://water.epa.gov/polwaste/nps/upload/rainharves>ng.pdf	
  



PolluEon	
  Impact	
  

“When	
  you	
  are	
  looking	
  at	
  seing	
  
standards	
  for	
  water	
  quality	
  you	
  need	
  to	
  
think	
  about	
  two	
  things.	
  
	
  Obviously	
  the	
  major	
  thing	
  is	
  to	
  protect	
  
the	
  health	
  and	
  safety	
  of	
  the	
  end	
  user.	
  …
and	
  ….	
  You	
  need	
  to	
  take	
  into	
  account	
  the	
  
reac>vity	
  and	
  	
  the	
  quality	
  of	
  the	
  water	
  so	
  
as	
  to	
  protect	
  the	
  end	
  use	
  device.	
  .	
  .	
  .It	
  is	
  
incumbent	
  on	
  us	
  to	
  get	
  it	
  right.”	
  	
  

Shawn	
  Mar8n,	
  
Director	
  of	
  Plumbing,	
  Mechanical	
  and	
  Gas	
  (PMG)	
  ac8vi8es	
  in	
  the	
  Government	
  Rela8ons	
  Group,	
  
Plumbing	
  and	
  Mechanical Code Developer for the International Code Council (ICC) 



Pollutants	
  

RooNop	
  runoff,	
  oNen	
  referred	
  to	
  as	
  ‘clean	
  
runoff’	
  may	
  contain	
  pollutants,	
  but	
  
“generally	
  in	
  lower	
  concentra>ons	
  and	
  
absent	
  many	
  of	
  the	
  toxics	
  present	
  in	
  runoff	
  
from	
  other	
  impervious	
  surfaces.”	
  –	
  U.S.	
  EPA	
  
Municipal	
  Handbook	
  on	
  Rainwater	
  Harves>ng	
  Policies	
  



Acceptance	
  
Capturing	
  Rainwater	
  from	
  RooNops:	
  An	
  Efficient	
  Water	
  Resource	
  
Management	
  Strategy	
  that	
  Increases	
  Supply	
  and	
  Reduces	
  Pollu>on	
  

www.nrdc.org/water/files/rooNoprainwatercapture.pdf	
  

1.  Adopt	
  stormwater	
  pollu>on	
  control	
  standards	
  that	
  
require	
  on-­‐site	
  volume	
  reten>on	
  and	
  allow	
  rainwater	
  
harves>ng	
  and	
  reuse,	
  with	
  appropriate	
  health	
  and	
  safety	
  
standards,	
  to	
  be	
  used	
  to	
  meet	
  that	
  requirement,	
  thereby	
  
crea>ng	
  an	
  incen>ve	
  for	
  on-­‐site	
  capture.	
  

2.  Adopt	
  standards	
  that	
  require	
  or	
  promote	
  rainwater	
  
harves>ng	
  and/or	
  water	
  efficiency	
  

3.  Review	
  building,	
  health,	
  and	
  plumbing	
  codes	
  for	
  barriers	
  
to	
  capturing	
  or	
  reusing	
  rainwater	
  

4.  Provide	
  incen>ves	
  for	
  decreasing	
  stormwater	
  runoff	
  and	
  
promo>ng	
  water	
  conserva>on	
  

5.  Require	
  use	
  of	
  rainwater	
  harves>ng	
  and	
  reuse	
  on	
  all	
  
public	
  proper>es	
  



Resources	
  

Author contacts for more 
information:


Celestenov@aol.com - General and case 
studies


Vangiesen12@icloud.com	
  -­‐	
  Installa>ons	
  
and	
  policy	
  

Kmdebusk@gmail.com	
  -­‐	
  Stormwater	
  
design	
  planning	
  and	
  pollu>on	
  
impact	
  


