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Significance of Demonstration 
Plant Capacity

The Hillsborough County Public Utilities
Department is evaluating construction of an ad-
vanced water treatment demonstration facility;
however, Florida’s regulations do not provide a
straightforward minimum flow capacity for a fa-
cility to be classified as a full-scale demonstration.
In fact, neither California nor Texas regulations
provide specific guidance on the minimum ca-
pacity for a full-scale demonstration. This article
looks at over 30 potable reuse tests, observing
each system’s flow, treatment processes, and cost.

Florida has been a hot spot for testing of
potable reuse, with more than a dozen Florida
utilities (Table 1) having conducted pilots or
demonstrations. While many of these projects fo-
cused on indirect potable reuse (IPR), utilities are
increasingly viewing direct potable reuse (DPR)
as a potentially viable alternative water supply.
Florida utilities actively evaluating DPR include
Hillsborough County, City of Daytona Beach,

City of Altamonte Springs, and Jacksonville Elec-
tric Authority (JEA). Previous pilot studies fo-
cusing on IPR applications may have limited
applicability for the more stringent requirements
of DPR, since DPR facilities do not have the mar-
gin for process upsets that a large environmental
buffer provides to IPR facilities. Therefore, a pri-
ority for DPR testing programs is to accumulate
an extensive body of monitoring data that can be
used as a basis of discussion with regulators for
setting performance and treatment redundancy
requirements for a future full-scale system.

The following factors should be considered
when selecting the capacity of a demonstration
plant:
S Produce water of equivalent quality to full-

scale facilities
S Support development of full-scale design cri-

teria and operational set points
S Support testing of multiple technologies to en-

able a price-competitive selection of full-scale
equipment and consumables 

S Provide access for tours by regulators, stake-

holders, and the public
S Available site footprint

Demonstration Plant Capacities

Survey of Potable Reuse Test Programs
While the terms “pilot test” and “demon-

stration test” are commonly confused, full-scale
equivalency appears to be the primary factor dis-
tinguishing demonstration programs from pilot
programs. In general, potable reuse pilots tend to
have smaller capacities, incur lower costs, and run
for shorter durations, whereas potable reuse
demonstrations tend to have larger capacities,
incur higher costs, and run for longer durations.
Pilot plants are more appropriate for lower-cost
validation of alternative, innovative treatment
trains, or narrowing down treatment alternatives
for a follow-up demonstration. Demonstration
plants are more appropriate for refinement of
validated treated trains, operational training/re-
sponse, space and visual impact for public tours,
observing operation and maintenance costs, test-
ing instrumentation and control, and providing
flows in support of downstream testing (e.g.,
recharge wells, wetlands).

Absent regulatory guidance on capacity, the
next best approach is to review the precedent
from actual potable reuse test systems. Figure 1
shows the capacity of 28 potable reuse test sys-
tems (13 “demonstrations” and 15 “pilots”)
across the United States from the past 30 years on
a logarithmic scale in mil gal per day (mgd). Table
1 summarizes the details of several recent notable
test programs for potable reuse and Table 2 pro-
vides a graphical summary of the treatment
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Figure 1. Capacities of Several Potable Reuse Pilot and Demonstration System in the United States
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trains tested by location at pilot or demonstra-
tion scale. 

A review of potable reuse test system capac-
ities suggests that 0.1 mgd is a capacity where
other utilities have decided to use the term
“demonstration.” Neither Florida or California,

nor Texas, have regulations mandating a required
capacity for a “full-scale” demonstration plant.
One way to look for the difference in capacity for
demonstration plants and pilot plants is to review
the size of current and historical potable reuse test
systems. While this is not an exhaustive list of
every single potable reuse test system in the U.S.,

it’s a large enough sample to be representative of
industry views on demonstration capacities. More
details about each of these test systems are pro-
vided in Table 1, including state, operational dates,
treatment trains tested, and program costs.

Table 1. Notable Potable Reuse Pilot and Demonstration Programs in the United States by Year Started
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Plants Using Reverse Osmosis/Nanofiltration
Membrane Treatment

Most potable reuse demonstration plant
capacities are greater than or equal to about 0.1

mgd, or ~70 gal per min (gpm). The largest
potable reuse demonstration facility (8 mgd) is
run by the Santa Clara Valley Water District and
is known as the Silicon Valley Advanced Water
Purification Center (SVAWPC), which uses the
advanced treated water for nonpotable pur-

poses. The flow of 0.1 mgd is a significant
threshold value for demonstration of reverse os-
mosis/nanofiltration (RO/NF)-based treatment
trains, since 70 gpm is the approximate flow
produced by a full-scale (8-in.-diameter ele-

Table 1. Notable Potable Reuse Pilot and Demonstration Programs in the United States by Year Started (continued)
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ment) two-stage RO/NF membrane system.
Both Miami-Dade County and City of El Paso
had pilot systems with multiple parallel 4-in.-
diameter RO/NF skids; however, both systems
had large deep bed denitrifying filters at the
front of the train, which led to the system ca-
pacities being above 0.1 mgd.

Nevertheless, among all 26 of the potable
reuse tests conducted using RO/NF membranes,
the majority of systems (19, or 73 percent) used
4-in.-diameter membranes; three (12 percent)
used 2.5-in.-diameter membranes; and four (15
percent) used 8-in.-diameter membranes. Use
of smaller-diameter RO/NF membranes is usu-
ally preferred to reduce program costs, reduce

system footprint, and simplify operations. Since
the water quality performance of 4-in.-diameter
membranes is well established, as comparable to
8-in. membranesix, many utilities choose to use
4-in. membranes and invest the cost savings into
enhanced water quality sampling, online in-
strumentation/monitoring, and other program
priorities.

Plants Using Carbon-Based Treatment
“Large” (≥0.1 mgd) demonstration systems

are not limited to those with RO/NF membrane
treatment. Hampton Roads Sanitation District’s
(HRSD) SWIFT (Sustainable Water Initiative
for Tomorrow) demonstration system (1 mgd)
is a nonmembrane treatment train, with alum

coagulation, ozone, biologically active filtration
(BAF), granular activated carbon (GAC), ultra-
violet (UV) disinfection, stabilization, and a test
recharge well. The HRSD selected nonmem-
brane treatment for its demonstration plant
after piloting parallel membrane and carbon-
based treatment trains. The City of West Palm
Beach’s demonstration program (0.14 mgd/100
gpm) included high-rate ferric coagulation,
deep bed denitrifying filters, and chlorination
before discharge to two parallel constructed
wetland cells. Below 0.1 mgd, the use of the
word “demonstration” may be less linked to full-
scale equivalence of equipment, but rather,
more representative of a desire to distinguish

Table 1. Notable Potable Reuse Pilot and Demonstration Programs in the United States by Year Started (continued)
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“direct” potable reuse pilot systems (i.e., City of
Altamonte Springs [20 gpm], Gwinnett County
DPR [6 gpm], Hillsborough County batch sys-
tem, and Clean Water Services batch system)
from the multitude of IPR pilot studies that
have been performed. (Note, both Altamonte
Springs and Gwinnett County are non-RO-
based test systems based on ozone and biologi-
cally active carbon, which can achieve full-scale
equivalency at these lower flows.)

Plants Using Multiple Equipment Capacities
and Multiple Phases

Several potable reuse test systems used a
mixture of equipment sizes (typically large
units, followed by smaller units), instead of a
single size for all equipment in the treatment
train. Denver Water’s direct potable water reuse
demonstration (1990-1991) consisted of a 1-
mgd lime clarification, recarbonation, and fil-
tration train, coupled with a smaller 57-gpm
(0.082-mgd) UV, GAC, RO, air stripping, ozone,
and chloramination train. Padre Dam Munici-
pal Water District’s demonstration facility con-
sisted of a 0.1-mgd (70-gpm) free chlorine,
membrane filtration, and RO train, followed by
a 10-gpm UV advanced oxidation process
(AOP). Other test schemes included multiple
and similar parallel treatment units (e.g.,
Miami-Dade, City of Daytona Beach, City of
Hollywood, City of Sunrise, City of Tampa), or
phased testing of various treatment trains (City
of El Paso, City of Plantation, Gwinnett
County).

Pilot/Demonstration
Program Costs

Program costs were available for several
potable reuse test programs, as detailed in Table
1. Program costs (in 2018 dollarsx) are plotted
against pilot/demonstration capacity in Figure 2.
Both cost and capacity ranged over several orders
of magnitude; therefore, it was necessary to plot
the data on a log-log scale for better visibility. 

Multiple regression analyses were carried
out to identify the significance of plant capac-
ity and test duration on potable reuse test pro-
gram cost. Simple linear regression yielded a
high coefficient of determination (R2), but was
rejected since it tended to overestimate costs for
smaller capacity systems. A power model (Fig-
ure 2) provided a better estimate of cost over the
range of pilot/demonstration capacities. The ex-
ponent of the power model (0.678), is consis-
tent with other water treatment models, where
the exponent for cost with respect to flow com-
monly ranges between 0.65-0.75. While actual
program costs varied significantly at any given

Figure 2. Cost (in millions) Versus Capacity (mgd) of Several Potable Reuse
Pilot/Demonstration Program

More than a dozen Florida utilities have evaluated potable reuse through operating short-term, offline, demon-
stration/pilot facilities. The most recent such facility is the City of Daytona Beach’s 200,000 gal-per-day demon-
stration test system (pictured), which is the largest such demonstration facility in the state and utilizes full-scale
equipment. (photo: Dave MacNevin)
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capacity, this model can still provide helpful
perspective for preliminary planning of demon-
stration plant capacities.

Assuming a demonstration facility capac-
ity somewhere in the range of 0.1 to 1 mgd, as-
sociated demonstration program costs may be
expected to range from approximately $2 mil-
lion to $27 million; however, at any given ca-
pacity, the actual program costs can be expected
to vary as much as threefoldxi depending on pro-
gram specifics. 

References

i http://dockets.sandiego.gov/sirepub/cache/
2/ly5prp0jqxicc2lunqnycwu5/2216370827
20170 63206241.PDF.  

ii http://www.mwdh2o.com/FAF%20PDFs/6_
RW_USGVMWD%20Final%20Report.pdf
(Page 17).

iii http://www.padredam.org/DocumentCent-
er/View/707. 

iv https://www.gwinnettcounty.com/static/upl-
oad/bac/52/20150804/ap_2015.08.04.Work.S
ession.Agenda.Package.pdf. 

v http://www.hrsd.com/pdf/Commission%20
Minutes/2015/08-25-15_Final_Commis-
sion_Minutes.pdf (Page 155 of 229).

vi http://files.altamonte.org/PW/AFIRST/Pres-
entation/2015-06-19A-FIRST%20FSA%20
Final.pdf (Page 35).

vii Water Desalination Report. 2017. “University
Seeks DPR Demo Plant.” Vol. 53. Num. 31.

viii http://www.mwdh2o.com/PDF_About_Your
_Water/Regional_Recyled_Water_Supply_Pro
gram.pdf .

ix Mulford, L. A., et al., 1999. "NF performance at
full and pilot scale." Journal American Water
Works Association ,91.6 (1999): 64.
https://www.awwa.org/publications/journal-
awwa/abstract/articleid/14063.aspx. 

x Using a value of 10807 for the Engineering News
Record Construction Cost Index (ENR CCI)
projected via linear regression to June 2018.
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HRSD system was designed with a more-ex-
pensive, permanent building designed for show-
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Diego system utilized a lower-cost shed cover-
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