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If
The
Grid
Goes
Down

F

or years, the risk of power outages
at wastewater treatment plants
(WWTPs) and pumping stations
was associated with tornadoes,

hurricanes, ice storms, or other natural disasters.
Because such events generally are localized, most
treatment facilities could rely on two separate independent power sources to ensure sufficient electrical reliability during an emergency. However, this
may not be the case today. Most of the electric
distribution and generating equipment in the United
States is approaching the end of its useful life and
requires repair or replacement. As the nation’s population continues to grow, increasing demand will
place ever more stress on the current network of
interconnected grids. Therefore, WWTPs may need
to consider options for generating their own electricity during service interruptions.
The blackout that occurred in parts of six U.S.
states and Ontario during August 2003 vividly
illustrated the vulnerability of WWTPs and other
infrastructure to widespread power outages. The
possibility that terrorists could attack or sabotage portions of the nation’s electrical grid only
heightens such concerns. For these reasons, it

Wastewater facilities

behooves WWTP managers and operators to

would be wise to consider

consider viable options for generating auxiliary

auxiliary power supplies to

power onsite during an emergency. However,

maintain operations during the broader idea of turning WWTPs into self-reliant producers of electricity also merits attention,

an emergency
James F. Wheeler, Kevin DeBell, and
Tim Schmitt

© 2006 Water Environment & Technology

especially as some facilities already have begun
to move in this direction.
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Current Guidelines for Auxiliary Power
Since 1974, the U.S. Environmental Protection
Agency (EPA) has furnished design guidelines to
WWTPs on providing reliable treatment during
power or equipment failures, and this information continues to form the basis for wastewater
industry practices. In general, current guidance
on backup power from EPA and other sources
suggests that two separate and independent
sources of electric power be provided from either
two separate utility substations or from a single
substation and an onsite generator.
Most WWTPs seem to have followed the recommendation to employ two independent power
feeds, rather than maintaining independent
auxiliary power sources at the facility. Although
sound in principle, this approach fails to account
for such events as the 2003 blackout, which rendered all substations inoperative in many areas.
Although precise numbers are unavailable,
hundreds of WWTPs may have been affected by
the blackout. At many facilities, backup power
sources failed or did not exist. Fortunately for
wastewater utilities, the power outages also shut
down the water supply in many communities,
greatly reducing wastewater flows and enabling
many system operators to avoid overflows or
bypasses by storing wastewater in collection systems, pumping station wet wells, or headworks.
Other plants could generate sufficient power
onsite or were able to operate by gravity flow
to maintain primary treatment and disinfection.
However, several large treatment plants reported
significant overflows or bypasses, and many
other incidents may not have been reported.

Technologies Available to Owners and
Operators
If major portions of the U.S. power grid fail
again, multiple independent feeds from separate
substations may not be able to provide backup
power at levels needed to keep many WWTPs
operating. Fortunately, several technologies are
available to WWTPs that want or need the capability to generate their own electricity.

Diesel-Powered Generators
Diesel-powered generators appear to be the

primary choice for providing auxiliary power
at U.S. WWTPs and pumping stations. The table
below shows treatment plant capacity, generator
size, and costs associated with equipment and
installation for several U.S. locations. These units
can be installed permanently at a pump station
or WWTP, or mounted on trucks and trailers to
provide a mobile energy source. Generators must
be maintained and tested regularly.
Although diesel-powered generators are an
efficient solution to auxiliary and supplemental
power needs at WWTPs and pumping stations,
they also present some concerns. First, emergency generators are designed to operate for only
a few hours at a time with limited fuel reserves.
If auxiliary power is needed for a longer period,
generators must be refueled. Some municipalities
have reserves of diesel fuel, but others may not.
Whether diesel fuel would be accessible during a
lengthy power interruption is unknown. Second,
air emissions from diesel generators are coming
under scrutiny from regulators and the environmental community.

Natural-Gas-Powered Generators
Although they operate much like diesel-powered generators, generators powered by natural
gas offer several advantages. In general, gas-powered engines require less maintenance and incur
less downtime than diesel-powered engines. Gas
engines are connected directly to a gas supply,
eliminating the need to monitor fuel supplies
and schedule fuel deliveries. No underground or
aboveground storage tanks are required, alleviating concerns about fuel spills and leaking tanks.
Because natural gas burns cleanly, air pollution
is not a concern. However, drawbacks associated
with natural gas include its potential unavailability during emergencies and the inability of many
WWTPs to access or afford natural gas supplies.

Internal Combustion Engines Fueled by
Biogas
Anaerobic digester gas is an innovative source
of fuel for internal combustion engines and other
technologies. About 20% of U.S. WWTPs employ
anaerobic digesters. Capturing and converting
biogas can provide significant cost savings.

Table 1. Generator Capacity and Related Costs at Certain U.S. Wastewater Treatment Plants
Location
Largo, Fla.
Chesterton, Ind.
Northern Kentucky Water District
Loudoun County, Va.
Erie County, N.Y.
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Size
410 kW
500 kW
1750 kW
350 kW
750 kW

Generator cost
$44,570
$72,799
$510,000
$65,000
$109,198
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Installation cost
$56,995
$69,570
Not available
$22,500
$104,355
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Although anaerobic digesters produce biogas
that can be converted into energy, less than 10%
of WWTPs with anaerobic digesters capture and
use biogas.
The Metro Wastewater Reclamation District
(MWRD; Denver) operates four 1500-kW (2000hp) biogas-fueled internal combustion engines
that generate 5 MW of power. Biogas is produced
by 10 anaerobic digesters. Testing related to the
year 2000 problem demonstrated that only two
of the engines are needed to provide sufficient
emergency power for MWRD’s critical functions.
The City of San Diego began using biogas to
power a 4.5-MW engine at its Point Loma WWTP
in November 1999. The facility uses about 2
MW and sells the remainder at market rates to
Sempra Energy (San Diego), resulting in a profit
of up to $200,000 per month and $90,000 in savings from not purchasing electric power.

Microturbines
Microturbines can be used to convert
biogas to electricity with low air emissions.
Microturbines also produce waste heat that can
be used to heat buildings or maintain treatment
process temperatures. Microturbines can run on
biogas, natural gas, propane, diesel, kerosene,
methane, and other fuel sources, making them
suitable for auxiliary or supplemental power in a
variety of applications. Better suited for smaller
WWTPs, microturbines are most cost-effective
when a facility generates biogas onsite via anaerobic digestion. Significant savings also can be
achieved. Interviews with several municipalities
suggest that they are achieving annual savings of
$25,000 to $216,000.

Fuel Cells
Fuel cells operate in a manner similar to batteries, but the fuel cell is replenished constantly.
Fuel cells generate electricity through an electrochemical reaction that transfers electrons from a
hydrogen source to oxygen molecules from the air.
Because they do not rely on combustion, fuel cells
can achieve higher fuel efficiencies than combustion technologies. The electrochemical process results in minimal emissions and creates little noise.
However, fuel cells remain expensive compared
to more conventional fuel sources, particularly
high-efficiency gas turbines. Current initial costs of
fuel cells are about $2400/kW•h, though costs are
dropping. A 114,000-m3/d (30-mgd) WWTP that uses
anaerobic digesters can generate sufficient gas to
produce 1 MW of electricity with a fuel cell.
The New York Power Authority (White Plains)
installed a 200-kW phosphoric acid fuel cell at the
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Yonkers WWTP in Westchester County in 1997
and began full operation in May 1998. A federally
funded fuel-cell demonstration program is under
way in King County, Wash. The project’s fuel cells
— the world’s largest molten carbonate fuel cells
using digester gas (methane) as a source of hydrogen — generate 1 MW of electricity, enough to supply about 1000 households for 1 year. The project’s
total value is approximately $22 million, of which
EPA has provided about $8.2 million to date.

Solar Cells
Solar, or photovoltaic, cells incorporate
semiconductors to generate electricity from
solar energy. When light
strikes the cell, a portion of the energy from
the absorbed light is
transferred to the semiconductor. The light energy removes electrons
from the semiconductor
material, enabling them
to flow freely. The electrons flow in one direction across a diode, creating an electric current.
Metal contacts placed at
the top and bottom of a
photovoltaic cell siphon
the electric current for
external use. The process results in minimal
emissions and creates
little noise. Solar cells
have been used successfully on a large scale. In fact, several WWTPs have
installed solar cells to generate electricity for
process controls.
The Sewerage Commission–Oroville (Calif.)
Region (SC–OR) installed a solar-energy system
at its 24,600-m3/d (6.5-mgd )WWTP that powers
80% of the facility’s operations. The $4.83 million
solar array consists of 5184 solar panels covering
1.2 ha (3 ac) of land adjacent to the WWTP.
When the sun is shining, SC–OR’s system — the
fifth largest in the United States — generates
up to 520 kW of electricity, which is more than
the WWTP requires. Excess power is sent to the
Pacific Gas & Electric Co. (PG&E; San Francisco)
for distribution. SC–OR receives a credit for this
power from PG&E, and at night and on cloudy
days, SC–OR taps into the credit it has earned with
the utility. In April 2003, SC–OR received an alternative energy rebate of $2.34 million from PG&E.
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Some WWTPs have rather
steep drops from the plant
outfall to the receiving
waterbody, and small inline turbine generators can
provide significant electric
power on an auxiliary or
full-time basis.
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Other Options for the Future
Other, more site-specific auxiliary technologies exist that cannot be covered in detail here.
For example, hydroelectric power has been
used in a few facilities. The application does not
involve dams and tidal wave power, but rather
internal plant hydraulics. Some WWTPs have
rather steep drops from the plant outfall to the
receiving waterbody, and small in-line turbine
generators can provide significant electric power
on an auxiliary or full-time basis. Small turbine
generators that cost between $4000 and $25,000
can produce up to 250 kW with less than 3 m (10
ft) of head.
Wind turbines offer another possible source
of auxiliary or supplemental power. One wind
turbine can produce 800 kW to 1 MW at a cost
ranging from $100,000 to $250,000. In December
2005, a private partnership began operating a 7MW wind farm at a WWTP owned by the Atlantic
County Utilities Authority (Atlantic City, N.J.).
The wind farm cost $12 million to construct, of
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which $3.5 million was provided by the State
of New Jersey. (At the same site, the Atlantic
County Utilities Authority also installed a 504-kW
solar energy system.). However, wind power’s
one drawback is its unreliability. Because a wind
generator cannot operate continuously, some
storage must be provided, usually in the form of
battery backup.

Selecting Auxiliary and Supplemental
Power Sources
The goal of ensuring an adequate auxiliary
power supply is to protect human health and the
environment in the event of a power interruption.
Therefore, a utility should conduct a thorough assessment of its collection system and treatment
facilities to determine the power needs of units
essential to preventing the release of raw sewage.
This assessment should account for portions of a
collection system nearest to residences and public places, the volume of wastewater expected to
flow through a collection system during a power
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interruption and under various weather conditions, and water quality standards of receiving
waters.
As part of such an assessment, wastewater
utilities should note that a major effort is under
way to improve the reliability of drinking water
treatment and distribution systems in the United
States. Several major water utilities are adding
generating capacity at their water treatment
plants and major booster pumping stations to
ensure drinking water service under any conditions. Improved responsiveness on the part of
drinking water providers will generate additional
flows and potential overflows if a WWTP is not
prepared to handle these flows for an extended
period during a power outage.
WWTPs and permitting authorities together
must determine the size and type of auxiliary
power system appropriate to maintain treatment capacity and receiving water quality for
each WWTP or pumping station. EPA suggests
that appropriate auxiliary power be capable of
maintaining primary treatment and disinfection
for all wastewater flows for at least 48 hours after a power interruption. This also suggests that
auxiliary power should be sufficient to convey all
flows to a WWTP unless a power interruption occurs during wet weather; in that case, combined
sewer systems might discharge untreated wastewater within the requirements of their permits.
Several criteria must be considered when
selecting a specific auxiliary and supplemental
power option. A WWTP owner’s or operator’s
primary concern should be the reliability of the
selected technology. If properly designed, maintained, and operated, any of the technologies
discussed above can provide reliable auxiliary or
supplemental power under the right conditions.
However, not every technology will be appropriate for every utility. For example, diesel-powered
generators may emit air pollution that renders
this technology inappropriate in sensitive areas.
Available technologies also range widely in
cost. Given the rising costs of operating and
maintaining WWTPs and collection systems, the
cost of auxiliary power certainly will be a major
factor for utilities evaluating options for providing auxiliary or supplemental power. However,
cost should be weighed against many other
factors, including the environmental sensitivity of the receiving water, expected life of the
technology options, reliability of the technology,
and potential economic and environmental costs
associated with a WWTP failure. A life-cycle
estimate should be used. The least expensive option for auxiliary power may not serve a utility’s
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best interest. As noted earlier, any analysis must
include an evaluation of the added ability to
provide auxiliary power in an emergency, as well
as the capability to provide supplemental power
that reduces operational costs under normal
operating conditions.
After the events of Sept. 11, the power grid’s
vulnerability to terrorist attack also must be
considered. An attack could destroy generating
facilities, transmission lines, electrical substations, and distribution centers. Most wastewater
utilities can protect an onsite power supply
more easily than the electrical substations and
transmission lines feeding their plants or pumping stations. Therefore, onsite auxiliary power is
one way to reduce vulnerability associated with
power outages caused by terrorist attack.
Finally, a significant obstacle to installing
onsite electricity generation at WWTPs is the
safety risk associated with operating such
equipment. Operator safety must be maintained.
Therefore, staff trained in the operation of the
auxiliary power system must be available during
an emergency. Operation of some onsite generation technologies can pose a risk to individuals
working to repair failing parts of the primary
power grid. Fuel storage and handling pose the
risk of spills or leaks.
To ensure their ability to serve customers
and protect public health and the environment,
wastewater utilities should strive to become
energy self-reliant. A variety of proven, cost-effective technologies is available to deliver auxiliary
and supplemental power safely, reliably, and in
an environmentally friendly manner. Therefore,
utilities should evaluate options for providing
auxiliary power during emergencies and generating supplemental power to reduce operational
costs under normal conditions. Utility directors
can achieve the goal of energy self-reliance by
evaluating all alternatives, selecting the appropriate technology, and always buying smart — not
cheap.
James F. Wheeler, P.E., DEE, is a senior environmental engineer, and Kevin DeBell is a regulatory impact analyst with the U.S. Environmental
Protection Agency. Tim Schmitt is an environmental scientist in the Washington, D.C., office of
Limno-Tech Inc. (Ann Arbor, Mich.).
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