
A
team of researchers analyzed 20 case

studies where distributed infrastructure

approaches are being used for wastewater

service across a range of community-specific situa-

tions and management frameworks. The project,

When to Consider Distributed Systems in an

Urban and Suburban Context, was sponsored by

the Water Environment Research Foundation and

the National Decentralized Wastewater Resource

Capacity Development Project (NDWRCDP). T h e

goal of this work was to help planners, utility man-

agers, engineers, developers, regulators and other

decision-makers determine whether they should

consider using a decentralized approach in urban

and suburban areas—or in areas where users

might normally be served by centralized systems.

The distributed water management approaches stud-

ied have been implemented in individual buildings, at

the neighborhood scale, and on up to broader scales

associated with traditional municipal utilities. 

An analysis of representative case studies

showed that there were three primary applications

for distributed systems; these applications feature

both unique and overlapping drivers behind their

planning and implementation decisions:

For green buildings and sustainable sites,

distributed systems are being integrated into

buildings and landscapes to help conserve,

r e c o v e r, and reuse water, nutrients, and 

energy within facilities and to support 

environmental education and recreation.

Independent communities are using dis-

tributed systems to maintain their fiscal and

social independence (i.e., by not connecting

to another community’s sewer system) and

their unique community character, thus pre-

venting uncontrolled development by defin-

ing centralized service areas and relying on

decentralized systems and good land use

planning in exurban areas. 

Traditional municipal utilities are incorpo-

rating distributed infrastructure into their asset

portfolios by managing cluster and other

decentralized systems, and using satellite 

systems and sewer mining to enhance 

opportunities for reuse while building syner-

g i e s through physical interconnection with

existing collection and treatment systems.

Distributed Infrastructure Management 

for Optimizing Traditional 

Utility Operations
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Satellite systems can be

thought of as neighborhood-

scale systems with a primary

purpose of reclaiming and

reusing treated eff l u e n t

closer to the source and

reuse area. They are often

interconnected with a 

centralized collection system

to discharge treatment

residuals. 

Sewer mining projects are

those where a sewerline is

tapped to provide raw

sewage to be treated for

localized reclamation and

reuse. Again, interconnection

to the centralized collection

system is typical for backup

and residuals management.

Applications for Distributed
Systems in the Optimization of
Traditional Utility Sewer Systems
The nation’s water infrastructure is

aging—some piping networks are

more than 100 years old.

Environmental impacts from over-

loaded or substandard wastewater

systems are exacerbated where

sewer and stormwater systems

are combined and where inflow

and infiltration affects older collec-

tion piping. Based on the U.S.

Environmental Protection

A g e n c y ’s (U.S. EPA) 2004 Clean

Water Needs Survey, national

needs for treatment and collection

are almost $200 billion. A l t h o u g h

these needs suggest a tremen-

dous challenge, they also repre-

sent an unprecedented opportuni-

ty to enhance existing centralized

systems by implementing value-

added distributed approaches

where applicable.

Distributed wastewater manage-

ment is an approach to wastewater

collection, treatment, and disposi-

tion (discharge, reuse, dispersal)

that uses appropriately scaled sys-

tems—which can vary from onsite

to cluster to centralized—across a

service area, watershed, or other

political or natural boundary.

Traditional municipal wastewater

utilities are implementing distrib-

uted infrastructure approaches to

optimize operations, delay or avoid

costly infrastructure capacity

upgrades, improve and expand

delivery of water services to their

communities, respond to environ-

mental pressures, and create new

business opportunities and rev-

enue streams. The variety of con-

figurations of these decentralized-

centralized system networks are as

diverse as the communities they

serve. There are many examples

of municipal utilities: 

! managing cluster systems to

serve neighborhoods and devel-

opments on the outskirts of their

service areas, 

! mining wastewater within exist-

ing collection and conveyance

networks to expand opportunities

for localized water reclamation

and reuse, and 

! implementing satellite reuse

facilities for both existing and

new customers within their 

service areas. 
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Water and sewer utility depart-

ments in many communities have

embraced the concept of distrib-

uted systems in the way that they

manage stormwater. Low-impact

design principles and various best

management practices are being

widely used to reclaim and reuse

stormwater close to its source,

which helps restore hydrology,

minimize runoff, and enhance

aesthetics. For wastewater sys-

tems, distributed infrastructure

involves integrating smaller-scale

systems within more traditional

centralized water and sewer utility

management structures. In a dis-

tributed infrastructure model, sys-

tems at various scales—from

s m a l l e r, decentralized to larger,

more centralized systems—are

used to maximize overall eff i c i e n-

cy and other triple bottom line

benefits. Some utilities are finding

that the most effective water infra-

structure approach is one that

considers the continuum of

options between decentralized

and centralized systems based 

on what will work best in a 

given area.

Use of distributed water infrastruc-

ture components within traditional

centralized sewers is nothing new.

There are many examples of

decentralized system components

being used within centralized

wastewater service areas includ-

ing industrial pretreatment sys-

tems that feed a centralized sewer

system. Emerging examples

including satellite facilities for

localized water reclamation and

reuse and dual plumbing systems

for delivering reclaimed water to

consumers have been widely

embraced by leading edge utilities

across the United States and

abroad. Additional examples of the

Individual

Systems

Small

Clusters

Large

Clusters

Small

WWTPs

Large

WWTPs

WWTP = Wastewater Treatment Plant

The Wastewater Management Continuum
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types of projects being implement-

ed are summarized below.

Cluster System 

Management 

Loudoun Wa t e r, Ashburn, Vi r g i n i a,

provides water and wastewater

service for Loudoun County,

Virginia, (a Washington, D.C. sub-

urb), serving approximately 56,000

central system customers and 1,000

community systems customers.

Loudoun County’s approach to

wastewater service is for growth to

pay for growth. Developers design

and construct cluster wastewater

facilities to Loudoun Water stan-

dards at no cost. For subdivisions

and small communities, the develop-

er transfers ownership of the cluster

system to Loudoun Water for contin-

ued maintenance. The program is

financially self-sustaining via rates

that cover expenses and developer-

paid revenues.

Sewer Mining for Localized

Reuse

Pennant Hills Golf Club, Sydney,

A u s t r a l i a, has pioneered sewer min-

ing in the Sydney Wa t e r s e r v i c e

area. Sewer mining allows for local-

ized production of high-quality recy-

cled water. The costs associated

with more traditional centralized

recycled water systems often render

them uneconomical for satellite

users, such as Pennant Hills Golf

Club. Using average costs for

potable water and sewage disposal

across the network often can distort

the business case and drivers for

localized reuse. This privately driven

sewer mining project uses a mem-

brane bioreactor (MBR) treatment

system to produce 651 m3/ d

(172,000 gpd) of high quality water.

Treated water is used to irrigate the

22 ha (55 ac) of greens, tees, 

and fairways, and allows the golf

club to maintain its world-class

course even when water use restric-

tions have been implemented due to

A u s t r a l i a ’s prolonged drought. 

Just-in-time Asset Management 

with Satellite Reuse Facilities

The LOTT A l l i a n c e is a water and

sewer utility serving the Lacey-

O l y m p i a - Tumwater urban area of

Washington. Their 20-year plan calls

for construction of three satellite

reclaimed water treatment plants; as

currently planned, each satellite

would initially be built to treat at least

4,000 m3/d (1 mgd), expandable up

to 20,000 m3/d (5 mgd). Building the

satellites in small increments is

intended to allow construction to

meet future wastewater treatment

needs, while avoiding ineff i c i e n t

overdesign and unused capacity.

Using this “just-in-time” capacity

development strategy, LOTT will save

an estimated $87 million over the

course of its 20-year capital improve-

ments planning period, while minimiz-

ing risk, wisely managing community

resources, and taking advantage of

the latest advances in technology.
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By focusing on 

smaller areas where

the wastewater is

treated and reused

close to where the

wastewater is gener-

ated, decentralized/

cluster systems can

provide several

advantages over 

conventional central-

ized collection/

treatment/discharge

wastewater systems.

U.S. EPA Office of Water,

2009
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Optimization Opportunities 
Municipal water and sewer utilities

are facing increasingly complex

challenges that are driving their use

of distributed infrastructure, even in

areas that already have established

collection and conveyance systems

feeding one or more centralized

treatment facilities. Some of these

challenges include:

! Increasing energy efficiency and

minimizing associated operational

cost demands associated with

water-related infrastructure systems; 

! Sustaining marginally adequate

water supplies;

! Minimizing life cycle (monetary and

non-monetary) costs associated

with infrastructure decisions; and

! Avoiding deteriorating water quali-

ty and ecosystem health trends.

Energy Management 

Water and wastewater operations are

often the largest single energy user

in a municipality. This demand will

increase with population, convention-

al system expansions, and higher

treatment standards. It has been esti-

mated that water-related energy

demand is equivalent to approxi-

mately 13% of United States energy

consumption (Rivers Network, 2009).

As energy supplies continue to

become more volatile, prices will

increase, which will create a higher

burden and increased vulnerabilities

for utilities and the communities 

they serve. 

Some of the highest energy

demands are associated with con-

veying and treating water and

w a s t e w a t e r. The use of distributed

infrastructure is, therefore, being

embraced by traditional

utilities to allow waste-

water treatment to occur

closer to the source and

reclaimed water produc-

tion to take place closer

to the reuse application.

This will reduce energy

demands associated

with conveyance and

reclaimed water distri-

bution. A d d i t i o n a l l y, use

of passive, or less-

mechanical, systems is

more feasible at the

smaller scales associat-

ed with decentralized

treatment. Tr e a t m e n t

technologies associated

with decentralized systems often

rely on low-energy attached growth

processes that are particularly

robust and stable. 

Enhanced Reuse Opportunities

For many utilities, a distributed

approach is the only practical way

to deliver reclaimed water to seg-

ments of their service area. The

use of neighborhood- or building-

scale wastewater treatment and

water reclamation systems is prov-

ing viable, particularly for cus-

tomers living in built-out urban and

suburban areas where extending

distribution piping for reclaimed

water is impractical. Systems can be

located in public spaces, vacant lots, 
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Benefits of Distributed Systems to

Optimize Traditional Utilities

! Efficiency and resilience;

! Watershed management and aquifer

recharge;

! Enhanced opportunities for water 

reclamation and reuse;

! Expansion of water service offerings for

new and existing customers; and

! Pay-as-you-grow funding.

!
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or even in the buildings themselves,

which is particularly useful when land

for constructing a system is difficult to

find or too expensive to purchase. In

addition to eff i c i e n c y, these dispersed

water reuse systems have the advan-

tage of being relatively easy to inte-

grate into existing communities with-

out the major disruptions that often

come with the installation or rehabili-

tation of sewers in public right-of-

ways such as below paved streets.

These smaller systems can work

synergistically with existing infrastruc-

ture by connecting back into the con-

ventional sewer collection system.

This interconnection provides for

back-up in case of an upset or when

more water is reclaimed than can be

reused. A d d i t i o n a l l y, the existing

sewer is often used to convey the

residuals produced by the localized

water reclamation system to a cen-

tralized facility for treatment. 

Resilience 

Utilities are becoming increasingly

aware of the links between their

infrastructure-related energy use, cli-

mate change, and their ability to

sustainably manage water in their

communities. These issues are

requiring adaption in the way water

infrastructure is planned and man-

aged. For example, in addition to

increased temperatures, climate

change is expected to bring increas-

es in drought frequency and intensi-

t y, which may limit the availability of

fresh water supplies and require

adaptations to the way water is

sourced and managed. Because the

nature, magnitude, and timing of

these changes largely are unknown,

water infrastructure systems need to

be designed to be continually adapt-

able and resilient to change. 

By enhancing reuse opportunities,

distributed systems can augment

existing supplies; additionally, the

diversification achieved by integrating

decentralized systems into central-

ized sewer networks creates value-

added redundancies that render the

complete system more resilient.

Decentralized systems that rely on

soil dispersal and reclaimed water

systems, in which reuse water is

used to irrigate landscapes, help

recharge groundwater aquifers, which

may also augment water supplies.

These approaches also help maintain

the natural hydrologic functionality of

local streams and groundwater

aquifers. Smaller, dispersed systems

are associated with lower risks—if

something fails, then relatively few

users are affected and fixes are less

disruptive and costly. 
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Project Delivery and Financing

Centralized infrastructure projects

typically are defined by large sunk

costs that require financing to be

repaid over years or decades.

Distributed systems, by contrast,

allow for alternate project delivery

including a “pay-as-you-grow”

approach. Infrastructure can be

financed by developers or communi-

ties incrementally, in phases, rather

than by building a large project and

waiting for customers to come

(which also can have unintentional

growth consequences). This is par-

ticularly attractive for utilities strug-

gling to provide water and sewer

services to users on the fringes of

their service area or for communities

reluctant to extend centralized

sewer service because of unintend-

ed and unwanted growth conse-

quences. Distributed system man-

agement offers these utilities new

business opportunities, customers,

and service offerings while accom-

modating exurban growth.

Integrated Watershed

Management

Major watershed benefits can be

realized in communities that imple-

ment professionally managed

decentralized and distributed sys-

tems. Despite extensive efforts at

reducing both point and nonpoint

water quality effects since the

Clean Water Act was promulgated

over 35 years ago, U.S. EPA

reports that as of 2002, 45% of

assessed rivers and streams, 47%

of assessed lake acres, and 32% of

assessed bay and estuarine square

miles were listed as pollutant-

impaired. Forward-thinking commu-

nities have realized that water can

be more sustainably managed by

considering the water system holis-

tically, rather than by managing

potable water, stormwater, waste-

water, reclaimed water, and aquatic

ecosystems separately, and by dif-

ferent municipal departments.

Distributed management approach-

es facilitate integrated stormwater

and wastewater reuse. As previous-

ly indicated, land application of

treated water through reuse or dis-

persal close to its source helps to

restore natural hydrology, recharge

groundwater resources, and

enhance aquatic ecosystems

through natural baseflows. Direct

benefits can be realized by using

treatment that mimics natural sys-

tems such as constructed wetlands

or when high-quality treated efflu-

ent is used to restore or enhance

surface waters, wetlands, and other

aquatic ecosystems. Protection and

restoration of water and air quality;

improved terrestrial and aquatic

ecosystems (using more ecologically

restorative discharges or even natu-

ral systems); more natural hydrology

(using more land dispersal); and

more ecologically compatible com-

munities (considering social and

socioeconomic factors) should be

high priorities in integrated water

management planning. 
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Decision-Making and
Implementation 
In this research, decision-making

associated with distributed systems

used to optimize traditional water

and sewer utilities was influenced

by a diverse group of stakeholders.

In some cases, staff of the munici-

pal utility or sewer authority cham-

pioned the pursuit of a distributed

infrastructure approach; in others,

however, the decision was driven

by mandates from elected officials

as influenced by the community 

at-large. 

For example, the decision to

manage cluster systems for

new development at the

fringes of the service area of

Loudoun Water, Virginia, was

driven by a community-wide

desire for growth to pay for all

costs related to that growth

and to maintain the bucolic

character of exurban areas of

the county. The Loudoun

County Board of Supervisors

decided to prohibit sewer

extension into the rural policy

area and encourage higher

density development in sew-

ered areas. The board man-

dated that new community

systems be owned and oper-

ated by a public utility, leading

to the creation of the

Community Systems

Department within Loudoun

Water. For a similar municipal-

ly managed cluster approach

in Mobile, Alabama, the direc-

tor of the Mobile Area Water and

Sewer System (MAWSS) was the

driving force, supported by the Civil

Engineering Department at the

University of South Alabama. 

Decision-making in Loudoun

County and Mobile included several

common objectives and themes:

! A desire or mandate to provide

wastewater services to exurban

areas,

! A desire for growth to pay for

8

MAWSS, Mobile, Alabama – Distributed Utility
The Mobile area includes at least 17 separate cluster systems serv-

ing 45 to 300 homes each, implemented by three different utility com-

panies [including the Mobile Area Water and Sewer System

( M AWSS)] to serve new suburban development pushing west from

Mobile. These previously unsewered communities are located in a

drinking-water watershed and have a history of onsite system failure. 

To date, operation of these small-diameter effluent sewer and

packed-bed treatment systems has been efficient, and maintenance

demands have been minimal. This case study provides a good analy-

sis of capital costs ($7,500 to $8,000 per home), operating costs,

user fees, and financing options through developer investment and

utility management. 

A d d i t i o n a l l y, MAWSS owns and operates a sewer mining demonstra-

tion project where wastewater is removed from an interceptor sewer,

treated with cluster-scale wastewater treatment systems (three differ-

ent types evaluated), and used to irrigate a new city park. The project

was funded through U.S. EPA's National Community Decentralized

Wastewater Demonstration Project.

M AW S S ’ cluster system management program has been so successful

that they now have competition from other service providers in 

the area.



growth, resulting in the require-

ment that developers or new

homeowners pay direct and indi-

rect costs for systems that are

then transferred to the utility for

ownership and operation, 

! An interest in accommodating

new growth in a way that pre-

serves community character, and

! Sustainable development that

protects the communities’ water

resources and valuable ecosys-

tems by minimizing surface water

discharges.

For the LOTT Alliance, another

municipally owned and operated

system, the selected distributed

approach was based on extensive

outreach and public opinion

Distributed Water Management on University Campus

The University of North Carolina (UNC) at Chapel Hill is planning a non-potable water supply for a satel-

lite campus that will include more than 60 new buildings when complete. Because the new satellite cam-

pus is envisioned to be a model of sustainability, there is a great desire throughout the community not to

expand the local water supply beyond its current, well-protected supply reservoirs. Although the local

water and sewer utility, Orange Water and Sewer Authority (OWASA), has an allocation of water supply

from a large, impaired lake, no one wants to use it. 

The distributed water infrastructure system planned for UNC's new satellite campus will treat water as a

single resource by matching harvested rainwater, stormwater, and reclaimed wastewater with the most

appropriate intended uses. Water will be treated to the appropriate level to serve all non-potable water

needs throughout the satellite campus. These uses will include cooling water, process water, landscape

irrigation, toilet flushing in all new buildings, and fire fighting. Wastewater generated on campus will flow

to a new satellite reclaimed water production facility, which also will have the ability to mine raw waste-

water from the OWA S A trunk sewer serving the northern portion of Chapel Hill. 

The main campus of UNC provides an excellent platform for planning sustainable water infrastructure at

the new campus. It includes three main elements:

! A reclaimed wastewater system developed jointly with OWA S A that produces and distributes reclaimed

water throughout the campus to five centralized, chilled water plants. This water also is used at selected

locations on campus for landscape irrigation and in selected buildings for public toilet flushing.

! A nonpotable water system that primarily uses harvested rainwater from building roofs and can 

supplement rainwater supply with reclaimed water to provide nonpotable water for irrigating UNC's

N C A A athletic fields (football, baseball, lacrosse, field hockey, soccer, and softball fields), for landscape 

irrigation, and to several new buildings for toilet flushing, 

! A series of roof-water harvesting cisterns that provide water for landscape irrigation and toilet flushing.
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research. National experts were 

convened to address the communi-

ty’s public health questions regard-

ing the use of reclaimed water and

groundwater recharge. The satellite

system approach the LOTT

Alliance selected involved creation

of an environmentally based sys-

tem for adding smaller treatment

units, responding just-in-time to

actual measured conditions to

address future growth, and the

need for new treatment capacity

and local sources of reclaimed

water. Deferring the design and

installation of new units of capacity

allows the utility to take advantage

of the latest technological

advances while minimizing debt

financing and helping to ensure

that growth pays for growth.

In some cases, private or quasi-

governmental entities drove the

selection of a distributed waste-

water approach. In Chapel Hill,

North Carolina, the University of

North Carolina (UNC) and the

Orange Water and Sewer A u t h o r i t y

( O WASA)—the public water and

sewer authority serving the area—

have a unique relationship that

dates back to OWA S A’s establish-

ment when the university sold the

water and sewer utility to them.

Per the sales agreement, OWA S A

is required to charge cost of serv-

ice for potable water. The utility’s

resulting rate structure made

implementation of distributed water

systems economically attractive.

The sewer mining project at

Pennant Hills Golf Club in Sydney,

Australia, was driven by the private

u s e r’s desire to build, own, and

operate a system to provide a sup-

ply of reclaimed water that could

be used to maintain the golf

course in the face of severe

potable water restrictions because

of a prolonged drought in the area.

A sewer access agreement with

Sydney Wa t e r, the local water and

sewer utility, was instrumental in

making the project viable. For both

projects, strong collaboration

between the user and the munici-

pal utility was instrumental in plan-

ning and implementing the innova-

tive approaches described. 

Financing and ultimate ownership

varies among the cases studied.

As indicated, private funding was

used to build the cluster systems
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serving exurban develop-

ments in Loudoun County,

Virginia, and Mobile,

Alabama. In Loudoun

County developers design

and construct systems that

the utility then operates.

Community system cus-

tomers are charged rates

that are about 40% greater

than for central system cus-

tomers to cover associated

costs. In Mobile, developers

donate needed land to

M AWSS for treatment and

e ffluent dispersal, while the

d e v e l o p e r, builder, or home-

owners pay per lot and per

connection fees to off s e t

M AW S S ’ capital costs. 

The UNC will use a model

similar to Loudoun County’s .

The university will build the

new satellite system and

transfer it to OWA S A f o r

ownership and operation.

The university’s Campus

Services Division acts as an inter-

nal utility for electricity, steam,

chilled water, and reclaimed/non-

potable water users on campus.

Because OWA S A’s rate structure

includes a peak season potable

water rate that is nearly twice the

o ff-season rate, there are signifi-

cant savings associated with use

of reclaimed water. 

The LOTT Alliance and A u r o r a ,

Colorado, (see sidebar) used tradi-

tional financing instruments recov-

ered through monthly service fees

and new connection charges. At 

Pennant Hills, the system was

funded through a bank loan that is

being repaid through an assess-

ment on golf club membership

fees. State and federal grants

encouraging sustainable and inno-

vative water saving initiatives were

also used to plan and implement

this sewer mining project in

S y d n e y, A u s t r a l i a .

11

Decades of Sewer Mining in the Arid Southwest

For more than 30 years, the Sand Creek Water Reuse Facility

(SCWRF), Aurora, Colorado, has provided reuse water for irrigation,

reducing demand on the city’s potable water supply. The SCWRF

is known as one of the pioneers in water reuse in Colorado because

it was the fourth entity in the state to use reclaimed wastewater 

for irrigation. 

The SCWRF uses a biological nutrient removal process to treat

wastewater for irrigation reuse. The expanded plant has a capacity 

of 19,000 m3/d (5.0 mgd). Wastewater is diverted from the Sand

Creek Interceptor and treated effluent is sent to Sand Creek or a terti-

ary wet well where it is dosed with chlorine and pumped into the dis-

tribution system. All residuals generated throughout the plant are

returned to the interceptor via the in-plant sewer. Currently, 16 miles

of pipe deliver the reuse water to 12 sites within Aurora. In addition,

reuse water is transported by truck to various greenbelts throughout

the city.



Challenges and Solutions
Many of the challenges associated

with the use of distributed systems

to optimize municipal utility opera-

tions involve technical and communi-

ty-acceptance issues related to the

use of reclaimed water. For the

L O T T Alliance, extensive and open

public engagement helped guide the

decision to focus on a water recla-

mation system implemented in rela-

tively small increments of capacity.

Incorporating the LOTT Alliance as a

legal entity was critical to successful

implemention of their novel asset

management plan. The costs of

infrastructure for distributing reuse

water to the community, however, is

an ongoing challenge for the LOTT

Alliance. 

Other communities have overcome

reclaimed water conveyance and

distribution challenges by imple-

menting smaller water reclamation

facilities located closer to reuse

areas. For example, conveyance

and distribution costs are not a prob-

lem for the sewer mining system at

Pennant Hills Golf Course because

the trunk line interconnection and

treatment facility is located relatively

close to the reuse sites. A lack of

precedent for sewer mining in

S y d n e y, however, made navigating

the regulatory and permitting

processes complex. 

The main lessons learned from

Pennant Hills were about managing

odors, nutrient levels, and visitors to

the plant. This project enabled live

dialog on the effect of each require-

ment on both Sydney Water and the

operator of the sewer mining facility.

An odor assessment has been per-

formed and minor modifications have

been made to ensure that

odor is no longer an issue.

One strategy was to ensure

that raw sewage is returned

to the sewer if it is not

required by the process,

thus avoiding generation of

odors. 

Nutrients in the recycled

water have increased grass

growth on tees and greens

at Pennant Hills. A l t h o u g h

an ability to reduce or

increase nutrients to suit the

needs of the receiving envi-

ronment would be helpful,

the course largely has been

able to stop using artificial

f e r t i l i z e r. It  has, however,

started using gypsum to

manage elevated levels of sodium in

the recycled water. 

Pennant Hills has hosted hundreds of

visitors who are interested in learning

more about recycled water. A l t h o u g h

this created issues surrounding

health and safety, access, and super-

vision; these issues have now largely

been addressed. 

Seasonal demand for reuse water is

a common consideration for water

reuse facilities at any scale. At the

Sand Creek plant, all effluent is used

in the summer and none is used in

w i n t e r. In the winter, the city receives

a return-flow credit for discharging the

e ffluent to Sand Creek. For distrib-

uted systems that rely on irrigation for

reuse, integration with a centralized

network allows treated water to be

discharged into a sewer during peri-
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Keys to success for distributed

systems used to optimize traditional

utility operations:

! Ensure effective and meaningful

community engagement.

! Set rates that account for full and

true costs of water.

! Interconnect with centralized 

systems, where available, for back-

up and residuals management.

! Locate systems close to source and

reuse application areas.



ods when irrigation is not possible.

Otherwise, large storage facilities or a

backup dispersal or discharge permit

may be required.

Challenges and lessons learned in

Loudoun County apply to many simi-

lar cluster implementation approach-

es. In Loudoun County, developers

have to pay operation and mainte-

nance costs until the development is

90% built-out, at which time 

Loudoun Water assumes responsi-

bility for covering O&M costs through

customer billing. Because of the

intense slowdown in residential

development that began in 2008, 

economic burdens on developers 

have increased. Loudoun County

also learned to trust the soils in their

land dispersal systems for eff l u e n t

polishing. In traditional land applica-

tion systems, the soil is a critical and

extremely effective treatment unit;

thus, pretreatment units in these sit-

uations do not need to meet the

most stringent effluent treatment

standards, which are more appropri-

ately applied for surface water dis-

charges. These lessons learned in

Loudoun County and the other com-

munities represented in these case

studies will help other municipal utili-

ties implement value-added distrib-

uted system approaches to expand

and optimize water services to their

c u s t o m e r s .
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Utility Optimization Case Studies

Case Study

LOTT Alliance

(Olympia,

Washington) 

Loudoun Water

(Loudoun,

Virginia)

Mobile Area 

Water and 

Sewer System

Pennant Hills,

(Australia)

Sand Creek,

(Aurora, 

Colorado)

University of 

North Carolina 

at Chapel Hill

Application

Community-wide 

satellite system 

program 

Public utility 

managed 

cluster systems

Public utility

managed cluster 

systems and 

sewer mining 

d e m o n s t r a t i o n

Privately operated 

sewer mining

Public utility 

operated 

satellite reuse

Satellite and

centralized 

reuse, rainwater 

harvesting

Community Type

Urban/suburban areas

Suburban residential 

developments

Suburban residential 

developments. Urban

park (for mining demo).

Suburban - golf course

Urban/suburban

Suburban university 
campus

System Type

Three satellite reclaimed water plants. Two 

plants existing: one with advanced second-

ary with nitrogen removal and UV with

advanced reuse treatment with tertiary fil-

ters and chlorination. One expandable

membrane bioreactor. 

At least 10 community clusters, six 

commercial facilities, and a large 

satellite reuse facility

Mining system treats using one of three

d i fferent decentralized systems in a

demonstration system: attached, suspend-

ed, and hybrid. Clusters use septic tank

e ffluent pump to recirculating fixed film

s y s t e m s .

Membrane bioreactor + UV + Chlorine

Biological nitrogen removal activated

sludge with advanced treatment for reuse

including tert filters and UV. Waste sludge

goes back into sewer.

Biological nitrogen removal me m b r a n e

b i o r e a c t o r planned for satellite reuse sys-

tem. Rainwater harvesting and stormwa-

ter controls.

Product Disposition

Irrigation, equipment wash

down, dust suppression,

cleaning. Constructed wet-

land pond/groundwater

recharge basins.

Discharge, dispersal or 

reuse, depending upon

the system.

Mining project uses sub

surface drip to irrigate

grass and shrubs in adja-

cent park. Cluster sys-

tems use soil dispersal.

Golf course irrigation. 

2% returned to sewer 

as waste activated sludge.

Park and golf course

irrigation. Discharge to

Sand Creek.

Cooling water at energy 

plant, toilet flush, fire 

protection and land-

scape/ballfield irrigation.

Management Type

LOTT operates joint facilities 

including treatment systems.

Three cities manage their 

collection systems. 

County owns and operates 

community clusters and con-

tract operates commercial 

systems and facilities owned 

by towns, the county, etc. 

MAWSS owns and operates

two conventional and at least

12 decentralized wastewater

facilities.

Club management owns and 

operates with external 

consultant support.

Treatment and reclaimed water 

distribution system owned and

operated by city of Aurora. 

University or utility ownership 

and operation, depending on

system.

http://www.werf.org/AM/TemplateRedirect.cfm?Template=/CM/ContentDisplay.cfm&ContentID=13306
http://www.werf.org/AM/TemplateRedirect.cfm?Template=/CM/ContentDisplay.cfm&ContentID=13307
http://www.werf.org/AM/TemplateRedirect.cfm?Template=/CM/ContentDisplay.cfm&ContentID=13325
http://www.werf.org/AM/TemplateRedirect.cfm?Template=/CM/ContentDisplay.cfm&ContentID=13309
http://www.werf.org/AM/TemplateRedirect.cfm?Template=/CM/ContentDisplay.cfm&ContentID=13313
http://www.werf.org/AM/TemplateRedirect.cfm?Template=/CM/ContentDisplay.cfm&ContentID=13314


Decentralized systems

are categorically 

eligible for the Clean

Water State Revolving

Fund (CWSRF) Green

Project Reserve

(GPR).

U.S. EPA, 2009

’
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Additional Information

Melbourne Wa t e r, in collaboration with City West Wa t e r, South East Wa t e r, and 

Yarra Valley Wa t e r, developed a Metropolitan Sewerage Strategy for the 

provision of sustainable sewerage services to Melbourne over the next fifty years.

Volume 1 is the synthesis report, written by the Institute for Sustainable Futures 

of the University of Te c h n o l o g y, Sydney (h t t p : / / w w w. i s f . u t s . e d u . a u). It contains 

an analysis of all 40 or so concepts and case studies, and integrates these with 

the outcomes of teleconference workshops and other sources, to align the ideas 

with development typologies. Volumes 2, 3, and 4 contain the detailed resources.

! Qualitative Decentralised System Concepts, Volume 1

! Qualitative Decentralised System Concepts, Volume 2

In addition to WERF, the WateReuse Foundation has conducted valuable 

research on distributed satellite water reclamation and reuse systems.

www.watereuse.org/foundation

The Coalition for Alternative Wastewater Treatment convened a series of 

workshops of experts and advocates to develop solutions and strategies for 

sustainable water systems which integrated decentralized with centralized 

systems. The results of their work, including several white papers on the 

opportunities as well as solutions for overcome existing barriers.

http://sustainablewaterforum.org/new.html

Funding Decentralized Wastewater Systems Using the Clean Water State Revolving

Fund, U.S. EPA O ffice of Wa t e r, 2009.

w w w. e p a . g o v / o w / e p a r e c o v e r y / d o c s / E PA _ A R R A % 2 0 S e p t i c % 2 0 F a c t s h e e t _ F I N A L . p d f

Related Research Products

The toolkit of products from this research can be accessed via WERF’s website 

at w w w. w e r f . o r g / d i s t r i b u t e d w a t e r or at w w w. n d w r c d p . o r g and includes: 

! Decentralized Wastewater Stakeholder Decision Model (Excel).

Helps users weigh the costs and benefits of decentralized versus centralized 

approaches to wastewater management based on the triple-bottom-line approach. 

! Distributed Water Infrastructure for Sustainable Communities: A Guide for

D e c i s i o n - M a k e r s

Guidance for decision-makers: summarizes case studies, focusing on the drivers

behind choosing a decentralized system.

! Decentralized Systems for Green Building and Sustainable Sites

Article on decentralized systems that are implemented primarily to achieve green

building and sustainable design objectives.

http://www.isf.uts.edu.au
www.watereuse.org/foundation
http://sustainablewaterforum.org/new.html
www.epa.gov/ow/eparecovery/docs/EPA_ARRA%20Septic%20Factsheet_Final.pdf
www.werf.org/distributedwater
www.ndwrcdp.org
www.werf.org/distwat
www.werf.org/decsys
http://www.isf.uts.edu.au/publications/mitchelletall2008decentralisedmetropolitanvol1.pdf
http://www.isf.uts.edu.au/publications/mitchelletall2008decentralisedmetropolitanvol2.pdf)


Other Resources

WERF and other organizations offer a wide variety of resources to assist decision-

makers considering a distributed water infrastructure approach. Some of the most 

valuable weblinks include:

! Information on WERF’s Decentralized Efforts

! Guidelines for Establishing Successful Responsible Management 

Entities (WERF)

! Using Rainwater to Grow Livable Communities (WERF)

! National Decentralized Water Resources Capacity Development Project

( N D W R C D P )

! U.S. EPA's Septic (Onsite) System Information

! Handbook for Managing Onsite and Clustered (Decentralized) Systems

( U.S. EPA )

! Voluntary National Guidelines for Management of Onsite and Clustered

(Decentralized) Wastewater Treatment Systems (U.S. EPA )

! Consortium of Institutes for Decentralized Wastewater Treatment (CIDWT)

! National Onsite Wastewater Recycling Association (NOWRA)

! U.S. Green Building Council (USGBC)

! Decentralized Wastewater Glossary
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w w w. r i v e r n e t w o r k . o r g

! Distributed Infrastructure Management for Optimizing Traditional Utility

O p e r a t i o n s

Article on innovative decentralized treatment approaches used by traditional 

municipalities to optimize their operations.

! Communities Maintain Character, Independence with Distributed Systems

Article on small communities using decentralized approaches to meet local 

o b j e c t i v e s .

! Twenty Individual Case Studies. 

Detailed information on each of the 20 projects studied in depth.

www.werf.org/disinfra
www.werf.org/comm
http://www.werf.org/decentralized
http://www.werf.org/RME
http://www.werf.org/livablecommunities/
http://ndwrcdp.werf.org/
http://cfpub.epa.gov/owm/septic/index.cfm
http://www.epa.gov/owm/septic/pubs/onsite_handbook.pdf
http://www.epa.gov/owm/septic/pubs/septic_guidelines.pdf
http:www.sustainablewaterforum.org/
http://www.nowra.org
http://www.usgbc.org/
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www.rivernetwork.org

