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PROJECT MANAGER 
SEAN ARMSTRONG 

•  Founded Redwood Energy in 2011 to provide building science consulting for 
Zero Net Energy design 

•  Project Manager for 2005-2011 with affordable housing developers  
•  Co-directed an off-grid demonstration house in 1999 with solar, wind, biodiesel 

and human power at HSU, volunteer for 1995-2015 
•  Second generation farmer specializing in grass-fed Kunekune pigs 



Purpose: To create a model for housing that includes:  

•  fixture efficiency 

•  behavioral and structural waste 

•  occupancy 

•  impact of  DHW mix 

 

Process:  

•  Spring of  2012  began building DHW model for USDA’s ZNE projects 

•  Technical supervision by Jonah Schein (EPA) and Martha Brook (CEC) 

•  Research based— “show me the paper please” 

People: Sean Armstrong, Peter Mayer, Bill De Oreo, Peter Parker, Gerald Van 
Decker, Jonah Schein, Jim Lutz, Yanda Zhang, Gary Klein, Troy Sherman, 
Craig Selover, Bill Dakin, Martha Brook, Adrian Ownby,  

PURPOSE, PROCESS AND PEOPLE 



DR. YANDA ZHANG  
SHOWS MULTIFAMILY USE BELOW CA TITLE 24 ASSUMED 

BASELINE OF 21.5 GPD +.14*SF 
(2013) 



OCCUPANCY DATA PER BEDROOM:  
DR. DANNY PARKER 
 AND LIHTC POLICY  



DR. PETER MAYER AND DR. BILL DE OREO: 
RESIDENTIAL END USES OF WATER 



BRITAIN, DOE-BUILDING AMERICA, 
AND NEW RESNET ALGORITHMS ALSO 

USES OCCUPANCY FOR DHW 
MODELING 



BUILDING AND SCALING UP ONE 
PERSON’S WATER WITH REUWS 1999 

AND 2014 



HOT WATER RATIOS 



DISAGGREGATED DHW USES 



SHOWERS 



DISAGGREGATED FAUCETS: 
 DR. BILL DE OREO WITH REUWS 1999 



FAUCET FLOWS 



LEAKS 



INDOOR LEAKS 



DISHWASHERS: .1 TO .16 LOADS/
PERSON/DAY 



IN-HOME CLOTHES WASHER USE 



WASHER USE ~DOUBLES WITH IN-
RESIDENCE MACHINES 



ONE PERSON’S WATER: REUWS 
1999 AND 2014 


