
This presentation premiered 
at WaterSmart Innovations 

watersmartinnovations.com 

http://watersmartinnovations.com/


 
 Designing Water Harvesting 

Systems  
 

1 
© 2013 Water Harvesting Solutions, Inc. 

John R. Bauer 
JohnB@Wahaso.com 
630-235-2143 

to Maximize Total Water Savings 

Session T-1329 

mailto:JohnB@Wahaso.com


What is "Water Harvesting"? 

Water Harvesting is the collection, 

cleaning, storage and reuse of onsite 

water sources for non-potable uses  

to reduce the consumption of 

municipal potable water. 
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The Harvesting Opportunity in  
Commercial Properties 

Rooftop rainwater  500,000 
gallons annually 

Cooling coil condensation 
400,000 gallons annually 
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Parking lot rainwater  
2,000,000 gallons annually 
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Evaporative Cooling Tower 
1,500,000 gallons annually 

Landscape irrigation 750,000 
gallons annually 

Toilet flushing  
500,000 gallons annually 

1-5 Million Gallon Opportunity Per Year 



4 Source: Australian Department of Natural Resources, Mines and Water, 2006  

Most Water Use in Commercial Buildings can be 
Replaced  with Harvested Rainwater and Stormwater 

90% + of Water Use! 
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System Design Objectives  

• Make a significant and meaningful impact on 
reducing the amount of municipal water use 

• Match a system to meet the unique 
characteristics of the building 

• Ensure that the water is safe for storage & 
application  

• Keep the system as simple as possible 
• Keep the system cost-per-gallon saved as low 

as possible 
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Maximize the System Value By Focusing 
on its Efficiency 
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High Efficiency Means: 
 
Achieving the highest possible percentage 
of municipal water replaced with non-
potable water 
 
With the least  
cost system 



Strategies for an Efficient System 

• Identify and quantify all potential sources and 
uses of on-site water for reuse. 

• Look at total supply and demand – but also their 
seasonality to balance the two. 

• Design a system for the most-contaminated 
water source 

• Optimize the cistern size 
• Identify options and their relative cost & benefit 
• Create metrics and goals for the system 
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The Most Efficient Systems Often Capture 
Multiple Sources for Multiple Uses 

Potential  Sources 
– Rooftop rainwater 
– Cooling condensate 
– Surface stormwater 
– Greywater from showers, 

sinks, washers 
– Steam condensate 
– Groundwater ejectors 
– Process wastewater 

Potential Uses 
– Landscape irrigation 
– Toilet flushing 
– Cooling tower “make-up” 
– Vehicle washing 
– Boiler “make-up” 
– Washing machines 
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Each Source Has Different Variables & 
Process Considerations 
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Sources Definition Quantifying Variables 

Condensate From cooling system blower 
units or steam systems 

Total cooling capacity, average 
humidity, seasonality 

Groundwater From below-grade sumps 
(around basements) 

Ground permeability, springs, 
seasonality 

R/O Discharge Effluent discharge from R/O 
system (20-35%) 

Average % discharge X total R/O 
processed, source quality 

Rainwater From roofs and above-ground 
collectors 

Roof square footage, historic 
rainfall for location 

Reclaimed 
Water 

Municipally-treated sewage 
for reuse 

GPM available, color/odor  

Stormwater From ground surfaces – 
Parking lots, run-off 

Square footage by hardscape/ 
softscapes/parking, rain history  

Greywater, 
Gray Water 

Untreated waste water 
“gently used” in showers, 
sinks, processes 

Number occupants, # showers, # 
hand washes 

Increasing Contam
inants and Processing 

Best Retrofit Opportunities 



Each Use Has Different Variables  
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Uses Variables for Quantifying Demand 

Irrigation Square footage irrigated, plant types, soil types, 
seasonality, location 

Toilet Flushing Number of occupants, flushes per person per day, 
GPF, toilet/urinal flush ratio 

Cooling Tower Make-
Up 

Total cooling load, seasonality, location, average 
humidity, cycles per blow-down 

Boiler Make-Up Total heating load, HVAC expert estimate or historical 
data. 

Vehicle Wash Number of vehicles per day, gallons per vehicle wash 

Miscellaneous Varies – Washing machine supply, R/O supply 

M
ost Com

m
on to Least Com

m
on Application 

Best Retrofit Opportunities 



Consider Seasonality of Sources & Uses 
in Balancing a System 
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Warm Weather Cool Weather Non-Seasonal 

Sources Rainwater + Rainwater - Greywater 

Stormwater + Stormwater- Groundwater 

Cooling Condensate Steam Condensate Reclaimed Water 

R/O Discharge 

Uses Irrigation Boiler Make-Up Toilet Flushing 

Cooling Tower M/U Humidifier Make-
Up 

Laundry 

Vehicle Wash 



Evaluate Monthly Supply & Demand 
 Optimize Total Annual Savings 
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Average Demand 

Average Supply 

Municipal Make-Up 

Maximize This Number 

Revisit Supply 
Options to 

Balance Supply & 
Demand 



Cistern Modeling Identifies Optimal 
Rainwater Storage Capacity 
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Different cistern 
size options are 
modeled using 

six years of daily 
rainfall history 
for the location 

Most cost-effective 
capacity is at point of 
diminishing returns 

Storage Costs 
$1.50-3.50  
Per Gallon 
Installed! 



Regardless of the Source, We Want to 
Achieve One Standard Output 

14 
© 2013 Water Harvesting Solutions, Inc. 

Sources 

Condensate 

Groundwater 

R/O Discharge 

Rainwater 

Reclaimed 
Water 

Stormwater 

Greywater, 
Gray Water 

Processing 

System Output 

On-Site Treated  
Non-Potable Water 

Increasing Contam
inants and Processing 



Basic Components of Every System 
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Controls 

Primary 
Filtration & 

Storage 

Filtration & 
Sanitation 

Pressurization 
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Processing Steps Added as 
Contaminants Increase 
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Sources Processing Approach 

Condensate 10u filter, U.V. 

Groundwater 10u filter, U.V. 

R/O Discharge 
 

10u filter, U.V. 
 

Rainwater Pre-filter (150u), Primary Filter (50u), Final filter 
(5 u), U.V. or Chlorine 

Reclaimed Water Pre-filter (150u), Primary Filter (50u), Final filter 
(5 u), U.V. or Chlorine, Carbon Filter (odor/color) 

Stormwater Pre-filter (150u), Oil Separator/Absorption, 
Primary Filter (50u), Final filter (5 u), U.V. or 
Chlorine 

Greywater, Gray Water Settling Tank, Chlorine, Floating Filter (250 u) 
Primary Filter (70u), Final filter (10 u), U.V.  

Increasing Contam
inants and Processing 



Typical System Design 
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Primary Filtration & 
Storage 

Processing 
Pressurization 

Controls 



Case Study: 
Gowanus Whole Foods, Brooklyn, NY 
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Gowanus Whole Foods, Brooklyn 

Project: Gowanus Whole Foods 

Location: Third Ave. & Third Street, Brooklyn, NY 

Customer: Whole Foods, NY 

Engineers: BL Companies 

System Type: Multi-Source, Multi-Use 

Considerations: Maximize Water Savings, Contaminated Soil 

Storage: 30,000 Gallons Steel Wrapped PVC 

Sanitation: Chlorine (Calcium Hypochlorite) & U.V. 

Projected Annual Water 
Savings: 

1,617,00 gallons (72% of Demand) 

Commissioning Date: Q1 2014 

© 2012 Water Harvesting Solutions, Inc. 
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Toilet Use & Greywater Calculations 
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 Total Head Count Flushes/ Day
Employees (FTE) 1                            286 3
Customers                        9,285 0.5
Total Flushes Per Day                          5,501 
Percentage Female 50% 2750.25
Percentage Male 50% 2750.25
Male Urinal Use 75%
Male Urinal Flushes                          2,063 
Male Water Closet Flushes                             688 

Female Water ClosetsMale Water Closets3 Urinals Total
Uses Per Day By Fixture 2,750                        688                                                2,063 5,501             
GPF 1.15 (Avg Based on 

Dual Flush 1.6/1.0) 1.6 0.0
Total Gallons Demand For Flushing Per Day of Use 3,162.8                     1,100.1                   -                          4,263            

Lavatory Sink Uses  (Washroom Post Toilet)                          5,501 
Employee Compliance Hand Washings 4 514.8
Sink Flow Rate (GPM) 2.5
Sink Use Duration for Washrooms (min) 0.12
Employee Sink Duration for Compliance (min)                            0.17 
Total Greywater Supply Per Day of Use                          1,865 

4 60% of Employees Will Wash Their Hands 3X Per Day Above and Beyond 
Toilet Uses at 10 Seconds Per Washing.

Greywater Supply - Lavatory Use Assumptions

2 It Is Assumed That The Dual Flush Toilets Are 1.6/1.0, and that the 1.0 
Flush Is Used 75% Of The Time.
3 It Is Assumed that Males Will Use The 1.6 GPF Of The Dual Flush Toilets 
When Not Using the Urinal (25% of The Time)

Greywater Supply/Toilet Flushing Demand Analysis - Whole Foods Brooklyn
Toilet Flushing Demand 

Assumptions

Building Assumptions
1Based on 400 Employees. (400 Employees x 40 Hours) / 8 Hour FTE Shifts 
= 2,000.     2000/ 7 Days = 286 FTE Per Day

Toilet Flushing Demand 
 

Total Daily Employees 
+ Guests  

 
X Flushes per person  

 
X  Gallons Per Flush 

Greywater Supply 
 

Total Daily Employees 
+ Guests  

 
X Lav uses per person  

 
X  Gallons per use 



Irrigation Demand Based on Estimated 
E.T. Requirements Net of Rainfall 
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System Approach 

• Capture filtered rainwater into 30,000 gallon below-
grade cistern in parking area 

• Capture raw greywater into ejector pit 
• Process greywater as collected through multi-stage 

filter; chlorinate 
• Process rainwater through same system 
• Hold common processed water in 1,500 gallon tank 
• For toilets and irrigation: 

1. Processed greywater 
2. Processed rainwater 
3. Municipal make-up 

© 2013 Water Harvesting Solutions, Inc. 
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Whole Foods System Design 
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System Effectively Treats  
Greywater For Reuse 
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Three Stage Filtration 
70u to 10 u 

Chlorination 

Ultra Violet to 
Maintain Water 

Quality 

Fabricated skid at production facility 



Custom Chlorination System 
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Liquid chlorine is produced from tablets and system 
automatically injects chlorine to achieve a target 

residual level 



Innovative Pump Assembly  
Inside Cistern 
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Efficient high-capacity well pumps will provide 
pressurized water from cistern. 

5 HP Duplex  Pumps Deliver 50 GPM at 50 PSI. 



System Will Tie to BAS & Be Monitored 
Via Web Interface 

© 2012 Water Harvesting Solutions, Inc. 
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Whole Foods Water Harvesting, Brooklyn, NY 



System is Projected to Save Over 70% of 
Water Needed for Toilets & Irrigation 
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 6 Year Average
2007 72.8%
2008 71.6%
2009 75.2%
2010 62.9%
2011 78.5%
2012 69.4%

 Based on These Past Years
Theoretical % of Total Demand Met 

71.7%



Review: Strategies for an Efficient 
System 

• Identify and quantify all potential sources and 
uses of on-site water for reuse. 

• Look at total supply and demand – but also their 
seasonality to balance the two. 

• Design a system for the most-contaminated 
water source 

• Optimize the cistern size 
• Identify options and their relative cost & benefit 
• Create metrics and goals for the system 

 © 2013 Water Harvesting Solutions, Inc. 
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Water Harvesting 
For Commercial & Institutional Buildings 
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