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The Increasing Demand for Water

• Fresh Water Uses
o 43% Power Production
o 31% Irrigation
o 15% Public Supply
o 8% Industrial/Commercial
o 3% Agriculture

• Average US Household Uses
o 300 gallons/day

• 24% Toilet
• 20% Bathing

• Water Managers in 40 of our 50 United States expect some type of water shortages 
within the next 10 years 
o (Causes: Population increases, Energy generation, Changes in land uses, & Climate changes) 



Commercial & Industrial Water Uses

Air Conditioning
Process Cooling

Heating
Process Steam

Power Production



Green Technologies for Utility Reduction

• Pretreatment
• Air handler condensate recovery
• Zero blowdown
• Reclaim water
• Rain water recovery
• Blowdown heat recovery
• Solids water chemistries
• Advanced system controls



Understanding Where Water Goes



Where We Are



Where To Attack



Pretreatment



Pretreatment Programs

Ion Exchange Reverse Osmosis

• Improves water quality reducing the required blowdown or bleed off saving water and energy



Cooling Tower:  ROI for Ion Exchange System



Cooling Tower:  Savings Through Reduced Blowdown



Cooling Tower:  10.2 Months ROI



Steam Boilers:  ROI for Reverse Osmosis



Steam Boilers:  Savings Through Reduced Blowdown



Steam Boilers:  24 Month ROI



Air Handler Condensate (AHC) Recovery



Capturing and Reusing Air Handler Condensate (AHC)

• Concept is not new
• Will discuss some of the easiest ways to reuse AHC with significant savings
• Possible Uses:

o Internal gray water (flushing commodes, utility wash water, etc.)
o Decorative fountain makeup water
o Irrigation
o Cooling tower makeup water
o Chilled water makeup water
o Chilled water makeup, then tower water makeup



How Much AHC is Available

An article in the 
May 2012 
ASHRAE Journal 
did a very 
comprehensive 
study of the 
amount of AHC 
available in 
different cities 
around the U.S.

1. Miami, FL
2. Honolulu, HI
3. Orlando, FL
4. New Orleans, LA
5. San Antonio, TX
6. Denver, CO
7. Memphis, TN
8. Athens, GA
9. Chicago, IL
10. Topeka, KS

10 Cities With the Most*

1.Spokane, WA
2.Salt Lake City, UT
3.Billings, MT
4.Las Vegas, NV
5.Des Moines, IA
6.Albuquerque, NM
7.Redmond, WA
8.Seattle, WA
9.San Francisco, CA
10.San Luis Obispo, CA

10 Cities With the Least*

*For a complete list, please see “The Economics of 
AHU Condensate Collection,” Lawerence, Perry, 
Alsen; ASHRAE Journal, May 2012.



How Much AHC is Available

• You can calculate how much is available to you by one of two methods:

Use the formula:
AHC (gal/cfm)  =  0.4777  x  Average Dew Point 
+ 
0.00204 Cooling Degree Days  +  0.32596 
x 
(Average Rainfall April through Oct)  - 22.50

Or…



Examples of Available AHC

Facility Size Type Location Condensate Recovery

165,000 sq ft Office Building Dallas, TX 650,000 gal/year

280,000 sq ft Office Building Miami, FL 1,420,000 gal/year

420,000 sq ft Office Building New York, NY 2,400,000 gal/year

300 Bed Hospital Atlanta, GA 3,400,000 gal/year

11,000 Students University1 Dallas, TX 11,000,000 gal/year

18,000 Students University2 Birmingham, AL 35,000,000 gal/year

[1] Approximately six buildings out of 50 are used to generate this amount of condensate water.
[2] Only twenty buildings out of over 160 are used to generate this amount of condensate water.



AHC Re-use

• Now that you have a rough idea of how much AHC you have available, let’s 
consider the relative ROI’s for the various uses.



AHC ROI



AHC:  Decorative Fountain Makeup Water

• Available Savings
o Reduction in potable water ($3.00/1,000 gal)
o Possible reduction in sewer charges, if not metered separately ($4.00/1,000 gal)



AHC:  Irrigation

• Available Savings
o Reduction in potable water ($3.00/1,000 gal)
o Possible reduction in sewer charges, ($4.00/1,000 gal) 



AHC or Internal Grey Water

• Possible uses include flushing commodes and utility wash water.
• Available Savings

o Reduction in potable water ($3.00/1,000 gal)
o Possible reduction in sewer charges, if not metered separately ($4.00/1,000 gal)



AHC:  Cooling Tower Makeup Water

• Available Savings
o Reduction in potable water ($3.00/1,000 

gal)
o Possible reduction in sewer charges 

($4.00/1,000 gal)
o Further reduction in both potable water and 

sewer by allowing higher cycles from 
existing potable water ($7.00/1,000 gal)

o Energy savings by reducing approach 
temperature on hottest days (up to 10% of 
electrical cost)



AHC:  Chilled Water then Tower Makeup

• Available Savings
oReduction in potable water ($3.00/1,000 

gal)
oPossible reduction in sewer charges, if not 

metered separately ($4.00/1,000 gal)
oDirect energy savings by making up with 

45°F water instead of 65°F water (210 
Btu’s/gal at 80% efficient chiller)

oFurther reduction in both potable water 
and sewer by allowing higher cycles from 
existing potable water ($7.00/1,000 gal)

oEnergy savings by reducing approach 
temperature on hottest days (up to 10% of 
electrical cost)



AHC Example



Collecting AHC From Two Air Handlers Using a Single Tank

In most facilities, the air 
handlers are in close proximity 
to either the tower water 
return line or the condenser 
water supply line.  In those 
instances it is  simple to 
collect the AHC water from the 
air handlers  (usually by 
gravity) into a small collection 
tank, then pump it directly into 
the tower water or condenser 
water line. It can also be 
pumped directly into the tower 
basin.



Collecting AHC From Two Air Handlers Using a Single Tank



AHC as Cooling Tower Makeup Water

• This is an easy, straightforward project
• Typically can be done in-house with commonly 

available parts and fittings
• Payback, just based on water and sewer 

savings, is generally between 8 and 18 
months, depending on the amount of AHC 
available and local water and sewer rates



AHC as Cooling Tower Makeup Water

Where do those energy savings come 
from? 

• Most AHC is captured at a temperature of 
around 45°F

• On the hottest, most humid days you have 
the most AHC available

• If you can add enough cold water directly 
to the chiller supply, you can improve the 
chiller approach temperature

• A 2°F improvement over design typically 
reduces electrical consumption by 10%



Reclaim Water

Using Municipal Waste Discharge Reclaim Water for 
Cooling Tower Makeup at Large International Airport



Reclaim Water:  Project Background
• The Airport supplies air conditioning to the terminals and planes

o 39,000 tons of refrigeration capacity
o 500,000 gallon cooling tower system
o 8.5 million gal thermal storage system (helps shift chillers load to off peak hours)



Reclaim Water: Project Background

• 2013 Water use
o 140,000,000 gallons potable water used for cooling tower make up
o Annual Cost $500,000

• Replacing the potable water with reclaimed water
o Reduced water costs by $300,000 annually

• Project Challenges
o Variable makeup water quality makes treatment more difficult and costly
o Increased potential for scale deposits, especially calcium phosphate deposits
o Increased potential for corrosion problems 
o Increased potential for microbiological problems (slime, algae, microbial fouling)



Reclaim Water: Water Quality Challenges
The reclaimed water analysis shows significantly higher levels of 
4 key impurities than the city water currently used for tower 
makeup. 

• Orthophosphate
• Calcium Hardness
• Alkalinity
• Nitrogen – Nitrate



Reclaim Water: Dollars Invested

Significant financial investments and commitments have been made to deliver 
reclaimed water from the municipal facility to the Airport property
The economic, social, and environmental payback associated with these investments 
is a direct function of how much reclaimed water can be used to replace potable water

Reclaimed Water Storage Tank



Reclaim Water: Project Scope of work
• PHASE 1 - Initial Feasibility Study

o Identify key technical issues and requirements

o Identify key economic issues and requirements

o Generate Project Plan and Costing Proposal

• PHASE 2 - Benchmarking and Program Development (3 – 6 months, Apr 2014 –Sept 2014)

o Begin weekly laboratory mineral / microbiological analysis of reclaimed water, city, and tower water samples.

o Begin in-plant testing program for reclaimed water

o Develop treatment program for PHASE 3

o Provide Direct Analysis Response Technology Control System to monitor 24/7 and document water chemistry (pH, ORP, Inhibitor) and 
program results including corrosion rates

• PHASE 3 – Operate Cooling Tower System With 50% Reclaimed Makeup (6 – 12 months , Sept 2014 – Feb 2015)

o Monitor Program for 6 – 12 months and refine treatment approach and service program based on additional data

o Quarterly Technical / Business Review with a formal Presentation PHASE 4 (Recommendations and Cost Proposal)

• PHASE 4– Migrate Cooling Tower System To 100% Reclaimed Makeup (On-Going)
o Continue to refine treatment approach and service program 

o Quarterly Technical / Business Reviews



Reclaim Water: Project to Date
• Due to the wide swing of reclaim quality limited to 50% blend (city with reclaim)

o Phosphate impurities vary significantly
o High microbiological counts

• Chiller inspections show acceptable results

• On going effort to increase reclaim % blend

• Continue to refine treatment approach

• Social and environmental payback meeting expectations

• Average annual savings ≈ $85,000 (15% reduction)



Reclaimed Water: Reclaimed Water Analysis

Location
DFW 

Airport

DFW 

Airport

San Antonio, 

TX

Lubbock, 

TX

Orlando, 

FL

Ashburn, 

VA

Sample Type City Reclaimed Reclaimed Well Reclaimed Reclaimed

Test

Conductivity 327 944 1100 2133 661 1248

pH 7.7 8.4 7.5 7.8 7.6 7.7

M-Alkalinity as CaCO3 88 169 250 261 134 125

Calcium Hardness as CaCO3 66 162 235 249 114 116

Magnesium as CaCO3 0 33 37 493 38 48

Chloride as Cl 25 98 190 276 81 129

Sulfate as SO4 28 51 61 324 33 89

Silica as SiO2 2.3 10.3 16.1 64.8 13.4 8.5

Ortho Phosphate as PO4 0.2 4.9 7.0 0.3 5.3 0.2

Iron - Total as Fe 0.15 0.22 0.08 0.06 0.07 0.223

Ammonia (N-NH3) 0 0.6 1.5 NA NA 9.4

Turbidity <1 1.1 NA <1 <0.1

Dallas         Dallas 
TX                TX



Reclaim Water: Limiting Factor is phosphate levels
Make Phosphate                         4.9 ppm                                                    7.0 ppm



Solids Technology



• Solid Water Treatment programs have 
become an attractive alternative to 
liquid programs during the last few 
years

• Solid chemistry that replaces the 
traditional boiler and/or cooling tower 
liquid chemicals in drums 

• Solid Water Treatment System is an 
innovative solution for your building’s 
water treatment needs

Solids:  Advances In Water Treatment



Solids:  Feed Systems

• Concentrates + Feeder

+ =

HandiPak
Solid Bottle

HandiFeed
Solid Feeder

HandiChem
Solid System



Solids:  Active Ingredients

The same active ingredients in liquid products are available as solid 
concentrates.
• Boiler Water Treatment 

o Typical boiler water products, such as phosphate, polymer, sulfite, and steam line treatments, are 
available in solid form

• Cooling Tower Treatment
o Typical cooling water products, such as phosphonates, dispersants, tracers, and biocides are 

available in solid form

• Hot and Chill Closed Loop System Treatments 
o Hot or chill closed loop products, such as nitrite, molybdenum, and polymers, are available in 

solid form



Solids:  Benefits

• Simplicity of use
o Eliminates drum handling, storage, and disposal
o Product loading only requires handling a bottle  or block
o Solid concentrate cases are easily moved throughout the building on a hand truck  or cart
o Ideal system for use in hard-to-reach locations

• Easier to ship
o Simpler transportation logistics

• Can ship anywhere UPS®* or FedEx®** deliver
• Expedited delivery is more cost efficient

o Available everywhere

*Registered  trademark of United Parcel Service of America, Inc.

**Registered trademark of Federal Express



Solids:  Benefits

• Easier to handle
o Operator only has to handle an 11 lb bottle or block, not a 300 

lb drum, to change out product
• Reduced potential 

for workplace injury
• Lower labor costs
• Ideal for use in hard-

to-reach places
o More convenient

• Eliminates drum disposal concerns
• Environmentally sustainable

o Lower levels of sodium hydroxide than traditional liquids
o Reduces splash and spill concerns versus liquids
o Reduces packaging requirements and disposal
o Reduces fuel and greenhouse gas emissions associated with product 

delivery



Solids:  Benefits

• Helps comply with green purchasing initiatives and certification programs
o GSA gives preference to 

products and services with 
environmentally responsible 
attributes 

o State/local governments 
and corporations are also 
specifying sustainability

o All types of organizations are seeking 
LEED®* (Leadership in Energy and 
Environmental Design) certification for 
their buildings 

*LEED is a registered trademark of USGBC®



Advanced System Controls



Advanced Systems Control

• 24/7 real time monitoring of your system
• Notification of system imbalance for 

immediate adjustments
• Early warning detection of system 

efficiency
• Quick system corrective action

o Minimizes utility costs
o Protects capital investment by increasing life 

cycle
o Reduces carbon footprint 



Smart Controllers
ØReal-time sensors continuously

monitor the key parameters 
that determine scale, corrosion, 
and microbial growth 
- Conductivity and cycles 
- Corrosion/scale inhibitor 
- Biofilm potential
- Biocide feed
- Water usage

ØDirect Analysis Response Technology uses                                                                          
this data to regulate blowdown and chemical                                                                             
feed based on changes in system demand

ØImmediately communicates upset conditions to 
designated personnel 



Smart Controller Weekly Graphs
1) Halogen shows 3 feeds 
per week with ORP increase 
from base line of 325 milli-
volt to 400 milli-volt. 

2) Biocide bump down at 
least 50 milli-volts

3) Pre-Bleed to Oxidizer 
feeds

4) PTSA reductions due to 
pre-bleeds

5) Relay for non-oxidizer 
should be shown



bioDART Biofouling Monitor

• Sensitive, system specific indicator of potential to form biofilm 
and overall microbial control

• Early warning for
upset conditions 
that cause biofouling 

• Stand alone monitor 
or can be connected 
to a controller

• Cost effective

• Patent Pending

DAYS   31.7
BFI  6.53

March 28, 2018
9:44:23 AMEnter

Menu

-
+



Biofilm Monitoring

• Biofilm monitor and Smart Controller identified several significant events in air 
washer
o In response to an abnormal BFI* increase, 

rep found biocide pump was not working 

o In response to BFR Alert, rep found roll filter 
chain broke dislodging debris from a sump that 
had not been cleaned in 18 years

o Smart Controller was used to quantify remedial 
measures and identify when control restored

o Smart Controller identified when off line systems 
brought on line and confirmed when regained 
control

o Smart Controller used to optimize biocide program
* BFI – Biofouling Index

BFI Increase During 
Upset

BFI After Control 
Restored 

Tube Change

Chlorine Level



Questions?


