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The water cycle today



The Water-Energy Nexus



• Distributed (networked) treatment in NYC

• Flow: 1.2 billion gallons per day

– 1860 tons of organic carbon per day

– 280 tons of N(-III) per day

– 60 tons of P(+V) per day



• Does decentralization truly enhance resilience?

• Is there an optimum (cost, energy?)
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Water Reuse Drivers:  New Drivers are Emerging

 Demand & Supply:  Increasing Population 
& Inefficient Use
 >7 billion today, estimated 9 billion by 2050

 Water use has been increasing at more then 
twice the rate of  population growth over the last 
century

 Agriculture accounts for 70% of  the total use

 Pollution
 Possibility to drive overall better environmental 

water quality??

 Aging Infrastructure & Resiliency

 Increasing Water & Sewer Costs

 Climate variability

Courtesy, Natural Systems Utilities



 Atlanta, GA – WXIA11 reports on January 9th that multiple water main breaks turn 

streets into sheets of ice – forcing traffic closures.

 Indianapolis, IN – Fox59 reports on January 9th that eight water main breaks 

occurred over the course of just a few days.

 Louisville, KY – WLKY32 reports on January 9th that an 8” water main break forces 

the closure of a major intersection.

 Washington, DC – ABC7 reports on 

January 14th that a 6” water main burst 

disrupted water service to 40 homes.

Aging Infrastructure & Resiliency
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Onsite water reclamation and reuse 

could address multiple challenges with 

environmental water quality and 

resilient water supply (of a given 

quality)

Courtesy, Natural Systems Utilities
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Water Treatment Facility End User
~5-10+ miles

Wastewater
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 >160 systems in US across 9 states

 Manage one of the largest bases 
of distributed wetland & water 
reuse treatment systems in the 
U.S.

 >90 systems currently in the Northeast

 Annually treat over 2.6 billion gallons 
of water in the Northeast region

 ~10-15% Direct Water Reuse

 ~80% Indirect Reuse (Groundwater 
Dispersal)

Centralized & Decentralized, Resiliency:
Lessons learned from Super-Storm Sandy

Courtesy, Natural Systems Utilities



The Emerging Water Reuse Business Case
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Water Service Rate Trends in Major Cities
Water & sewer costs have more than doubled in the past 

10 years in many major urban areas.

Water & Sewer Rates for Selected Cities, 2014$

$10/1,000 Gallons = Cost Effective Water Reuse

Other Notable Cities
Not Listed which are 
Above The Line

 Portland

 Kansas City

 Virginia Beach

 Oakland

 Colorado 
Springs

 Raleigh

Courtesy, Natural Systems Utilities



Integrated Water Resource Management in Urban Communities

Reuse Applications:

 Toilet Flushing

 Cooling Tower Make-Up
Water

 Landscape Irrigation

 Laundry

10 Courtesy, Natural Systems Utilities



Water Reuse Performance Requirements
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Parameter DOB Limit Membrane Specs

BOD (mg/L) <10 <2

TSS (mg/L) <10 <2

Fecal Colliform (CFU/100mL) <100 <10

Turbidity (NTU) <2 <0.2

E. Coli Colony Count (#/100mL) <2.2 N/A

pH 6.5-8.0 N/A

System

Location

BOD, 

mg/l

TSS,

mg/l

Turbidity 

NTU

Fecal  

Coliform 

#/100 ml

E. Coli

#/ 100 ml

The Solaire 

(2003)

< 6 < 1 0.05 – 0.25 < 1 ___

Millennium

Tower 

Residences

< 6 < 1 0.15 – 0.45 < 1 ___

The Visionaire < 6 < 1 0.15 – 0.45 < 1 (Total 

coliform)

< 1

The Helena < 6 < 1 0.05 -0.20 < 1 ___

Over 10 years of 
in-building urban 
reuse system 
performance data 
consistently 
exceeding permit 
requirements

Courtesy, Natural Systems Utilities



Maximize Water Reuse Demand Opportunities
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Metric

Cooling 

Tower  

Limits

Conc. in 

Reuse 

Water

Conc. in 

City 

Water

Unit

pH 8.5 7.3 6.9 N/A

Conductivity
5,000 500-650 100 umhos

Ca Hardness 500 40-60 16 ppm

Orthophosphates 10 0.7-1.5 1.7 ppm

Chlorides 200(2) 50-100 12 ppm

Iron 0.2 <0.05 <0.05 ppm

Copper 0.1 0.05-.1 <0.05 ppm

Ammonia 1 <0.10 - ppm

Reclaimed water 

provided for over 55% 

of residential 

demands 

(commercial and 

academic >75%). 

Courtesy, Natural Systems Utilities



Optimize Water Reuse Energy Performance
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Typical Energy Performance

Optimized Energy Performance

Courtesy, Natural Systems Utilities



The Building/Block Scale

 Achieve 55% Water Use Reduction

 Achieve 64% Sewer Discharge Reduction

 100% Reuse For Cooling Tower Make-up

 Energy Profile Optimization

 25% Credit on Water & Sewer Bill –
CWRP Established 2004

 Simple implementation for single building/owner

 More cost effective than NYC water & sewer at the 
block scale

 Lower energy use than NYC utility infrastructure at 
the block scale (prior to energy recovery)

14 Courtesy, Natural Systems Utilities



Energy self-sufficiency for 

sewage treatment?

Energy present Energy needed

~ 2500 kWh/MG ~2500 kWh/MG

• Assuming 34% conversion of organic matter 

to methane and electricity

• Assuming ‘conventional’ nitrogen removal

• Can ‘import’ carbon (several water utilities 

already energy +ve, NYC starting with this)

– Not at the expense of excessive N discharges



Water / Energy Nexus:  Thermal Energy Recovery
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Hot Water 

Tank (~30% 

building 

demand)

60°C / 140°F

Heat 

Pump

Electric Energy for Treatment = 5% of 

building demands (350 kWh/day:  

single high-rise building scale, prior 

to optimization)

Recovered Heat = 

65,500 Btu/hr (~400 

kWh/day) h
o
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 Embedded energy in wastewater is greater than 4x the amount of 

energy used for treatment (43 kwh/kgal).

 Water reuse systems can now become net energy neutral and net 

energy positive at the high-rise building scale or larger with this 

technology (after accounting for conversion losses)

Courtesy, Natural Systems Utilities



2 Gold Street, 800 apartments

Generates enough human and food waste 

DAILY to power 800 low wattage bulbs for 1 day

So with storage … 



Water Reuse Economics:  The Business Case, East to West Coast 
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Cambridge, MA

San Francisco, CA

(Does not include up 

to $500k incentive)

A B C D = B-C E = (B/1,000) x A F = (D/1,000) x A G = F x -0.25 H = F + G I = E - H J K = I - J

Yr

NYC Water & 

Sewer Fee 

(per 1,000 gal)

Total Building 

Water Use (NYC 

Supply & Reuse 

Supply - annual 

gallons)

Reuse Water 

Produced 

(annual gallons)

NYC Water 

Supply 

(annual gallons)

Annual Water & 

Sewer Fee 

(without reuse)

Annual Water & 

Sewer Fee 

(with reuse)

Annual 

Comprehensive 

Water Reuse 

Program (CWRP) 

Incentive

Annual Water 

& Sewer Fee 

(with reuse + 

CWRP)

Annual Water 

& Sewer 

Savings 

(with reuse)

Annual Reuse 

System 

Operating 

Cost

Annual Net 

Savings 

(with reuse)

2015 $12.81 78,475,000          23,725,000          54,750,000          1,005,067.51$       701,209.89$          (175,302.47)$      525,907.42$     479,160.09$   120,000.00$   359,160.09$   

New York City



The connection to food
(one example of embedded water-energy-resources)





Need more work prior to DPR an IPR

(Source: WateReuse Association)



Resource recovery application 

framework

Food security

Technology and 

engineering

Recover C-energy

Recover P

Recover N

Disinfection

Food security

Technology and 

engineering

Recover C-energy

Recover P

Recover N

Disinfection

Food security

Technology and 

engineering

Recover C-energy

Recover P

Recover N

Disinfection
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District Water & Energy Sharing
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1. Modern buildings attempt to 
balance their own heating and 
cooling demands to reduce 
the energy required to heat 
and cool the building.

2. District Energy and Water 
Sharing  balances the heating 
and cooling demands of an 
entire community to reduce 
the energy and water required 
to meet the needs.

3. Mixed Use Energy sharing can supply 25% to 35% of 
the total thermal energy.

4. 25-30% of a buildings energy use is for water 
heating.

5. Dual purpose pipe for energy transfer and water 
reclamation.



 Water/Energy Nexus
 Biofuels, electric cars, natural gas and wind 

power use less oil, 
however, these alternatives dramatically 
increase water use 

Onsite/Distributed Systems 

To combat these issues, many communities have 

opted to provide onsite  water resource 

management systems to help reduce the amount 

of  potable water being used and the amount of  

wastewater entering the 

receiving environment.  

Water Reuse Drivers:  New Drivers are Emerging

Courtesy, Natural Systems Utilities




