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hile every utility seeks to improve the sustainability and

resiliency of its systems, many water suppliers now face

the challenge of balancing the cost of infrastructure

renewal and replacement with declining demand and

subsequent revenue. A potential solution is to adapt

WATER UTILITIES MIGHT  hydroelectric generating capacity to existing water resources and infrastruc-
WANT TO CONSIDER UsING ~ ture. Developing hydroelectric power requires careful planning and design;
the guidelines provided in this article are intended to help water utilities

HYDROELECTRIC POWER TO  derstand the potential benefits and pitfalls associated with this approach,
COMPENSATE FOR  which provides reliable power with a reasonably quick return on investment.

INCREASED INFRASTRUCTURE
BACKGROUND

COSTS AND FINANCIAL The top two challenges facing the water industry, identified in the AWWA
SHORTFALLS RESULTING 2018 State of the Water Industry report, relate directly to the costs of main-
FROM DECREASED DEMAND. taining infrastructure, and, further, over half of all water utilities report declin-
ing or “flat” water demand as their cost to maintain infrastructure increases

(AWWA 2018).

Over the past several decades, water conservation efforts have reduced the
overall demand for potable water in many areas, decreasing cash flow and exac-
erbating the problem of keeping up with the rising cost of maintaining and
improving drinking water and wastewater infrastructure (Beecher 2010). In fact,
the US Environmental Protection Agency’s Drinking Water Infrastructure Needs
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Survey and Assessment estimates that
$472.6 billion will be needed to
upgrade drinking water infrastructure
over the next 20 years (USEPA 2018).

Problems with declining revenue
may be solved by increasing rates,
which can be unpopular, especially if
rate changes are large and unex-
pected. Declining revenue may also
be solved by lowering operating
costs with a more efficient water
treatment and transport system.
Energy demands and associated
costs rank among the most impor-
tant issues facing water companies
(AWWA 2018), and energy con-
sumption is one of the largest opera-
tion and maintenance costs for water
utilities, second only to the cost of
labor (Biehl & Inman 2010). Achiev-
ing energy efficiency can be a pri-
mary focus for reducing costs and
one that is broadly popular with
boards, customers, and stakeholders.

Utilities may improve energy effi-
ciency by upgrading older equipment
or changing operations, but these
changes only partially address what
the US Government Accountability
Office (GAO) has found to be the
largest energy draws required for
water distribution (GAO 2011).
Wiater is relatively heavy, and pump-
ing it over great distances or across
significant changes in elevation is
energy-intensive. In both pumped
and gravity-fed water delivery sys-
tems, pressure-reducing valves
(PRVs) are regularly used to dissi-
pate energy in the system; the GAO
recommends that utilities recover
that potential energy using technolo-
gies such as micro-hydroelectric gen-
erators (GAO 2011). Depending on
the physical and hydrologic charac-
teristics of their water systems, water
utilities may be able to generate a
significant amount of energy simply
by exploiting potential energy that is
currently being wasted.

BENEFITS OF HYDROELECTRIC
ASSETS

Water utilities can use the energy
produced by hydroelectric generation to
become energy-neutral or net-energy

producers as well as provide emergency
back-up power during outages (Angers
2001). Financial benefits from
hydroelectric generation include
offsetting power usage, selling any net
power produced, and selling renewable
energy credits. Offsetting power includes
connecting the generation source to a
load such as a pumping station to offset
power demand from the grid in real time.
Net metering is when the utility
generates power that it exports to the
grid at times when instantaneous

value of the renewable attribute of
the power above and beyond the
value of the electricity. For example,
RECs in the northeastern United
States can be worth an additional $15
to $55/MW-h. State laws that set
standards for renewable energy port-
folios require power companies to
purchase RECs for a set percentage of
the power they deliver. The price of
RECs varies from state to state and
year to year on the basis of the supply
of available credits and the power

Depending on the physical and hydrologic

characteristics of their water systems, water

utilities may be able to generate a significant

amount of energy simply by exploiting potential

energy that is currently being wasted.

demand is lower than generation. The
water company receives credits for this
exported power that offset or partially
offset future power usage. The value of
these credits varies on the basis of local
conditions, including state laws and
local power company policy.

Small hydroelectric producers can
sell power in the wholesale market in
most places, but this is often the least
beneficial option because prices on
the wholesale power market are
lower than other options—$20 to
$40/MW-h, depending on the region.
Since the retail price of power is much
higher than the wholesale price, it is
better to offset internal demand or
net meter in areas where that option
is available. Typical retail power
prices in some regions are $70/MW-h
without transmission and distribution
or $140/MW-h with transmission
and distribution. These rates vary
regionally and by the customer pric-
ing the water company receives from
the local power company.

In the United States, utilities that
produce hydroelectric energy may be
able to apply for renewable energy
credits (RECs). RECs capture the

companies’ demand for them. Since
the REC value is variable, REC values
are best considered an additional
incentive for developing hydroelectric
capability rather than a primary eco-
nomic benefit. Some states require
Low Impact Hydropower Institute
certification to qualify for RECs,
which carries both process costs to
obtain certification and annual costs
based on generating capacity. These
costs are generally a small fraction of
the overall REC value.

Wiater utility leaders and managers
have become increasingly aware of
public interest in environmentally
sustainable water sources (Mercer
2013, Smith 2007), and water sys-
tems must balance issues of quality
and supply with other demands such
as aquatic ecosystems and electric
generation (Grigg 2012). Utilities that
want to promote the fact that they
operate sustainably to protect public
resources can use a hydroelectric
project to showcase their efforts while
offsetting their energy requirements.

A few basic planning and design
considerations will help utility
decision-makers determine whether
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a hydroelectric project is right for
their water system. The following
sections summarize the primary
concerns in each area.

REGULATIONS

Some water utilities may be reluc-
tant to develop hydroelectric power
in their systems because of confusion
over regulations, planning, and
design. In the United States, there may
be concerns that the Federal Energy
Regulatory Commission (FERC) will
become a burdensome additional
layer of regulatory oversight; how-
ever, FERC has streamlined the regu-
latory process, making it easier to
develop small hydroelectric installa-
tions like those commonly developed
by water companies.

Under a provision of the Hydro-
power Regulatory Efficiency Act of
2013, FERC is required to deter-
mine whether proposed projects
meet the criteria to be considered

“qualifying conduit hydropower
facilities.” Qualified projects are
not required to be licensed or
exempted by FERC. These projects
are on engineered conduits that are
not owned by the federal govern-
ment and are operated primarily
for non-hydroelectric purposes.
The following provisions are
required for a project to be deemed
a qualifying conduit hydropower
facility (FERC 2018a):
¢ The facility must be a conduit,
which is any tunnel, canal, pipe-
line, aqueduct, flume, ditch, or
similar man-made water convey-
ance that is operated for the dis-
tribution of water for agricul-
tural, municipal, or industrial
consumption and is not primarily
for the generation of electricity.
¢ Electric power generated at the
facility must use only the
hydroelectric potential of a
non-federally owned conduit.

e Installed capacity at the facility
must not exceed 5§ MW.

e The facility must not be
licensed or exempted from the
licensing requirements of Part I
of the Federal Power Act on or
before Aug. 9,2013.

FERC regulations under 18 CFR
§4.400 (2018) implement the proce-
dures of the act such that any person,
state, or municipality proposing to
construct a facility that meets the
criteria must file a Notice of Intent
to Construct a Qualifying Conduit
Hydropower Facility, along with
project drawings, with FERC. A tem-
plate for the notice can be found on
FERC’s website, and content require-
ments are provided in 18 CFR
§4.401 (2018). Generally, the notice
must include

¢ the location of the project;

e applicant information;

e project information, such as
detailed descriptions of the

FIGURE 1

a qualifying conduit
hydropower facility
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Source: www.ferc.gov/industries/hydropower/indus-act/efficiency-act/qua-conduit/qual-conduit.asp?csrt=14089384244854242979
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conduit and water supply facil-
ities, intake facilities, power-
houses, purposes for which the
conduit is used, and the num-
ber, type, and generating capac-
ity; and

e estimated average annual gen-
eration of the proposed gener-
ating units.

If a dam or impoundment is
associated with the project, a
description of the nature and
extent of the dam and impound-
ment must be included. Submitted
drawings must include a plan view
of the proposed hydropower facili-
ties, a location map showing the
facilities and their relationship to
the nearest town, and a profile
drawing of the conduit.

Once a Notice of Intent to Construct
a Qualifying Conduit Hydropower
Facility is filed, the FERC will
make an initial determination
within 15 days (Figure 1). If FERC
determines that the facility meets
the qualifying criteria, a public notice
will be issued, providing 30 days for
members of the public to file
motions to intervene and 45 days
to provide comments contesting
whether the facility meets the qual-
ifying criteria. If no one files com-
ments contesting the facility’s qual-
ification, the facility is deemed a
qualifying conduit hydropower
facility, and FERC will issue a letter

stating such. If comments are filed
contesting the facility’s qualifica-
tion, FERC will review the com-
ments and issue an order determin-
ing whether the facility qualifies.
Since implementation of the
Hydropower Act, 99 projects have
been allowed non-jurisdictional status,
17 have been rejected, one is pending
determination, and one application
has been withdrawn (FERC 2018b).
The cost and operational restrictions

of 10 MW or less, increasing the
previous qualifier to 5§ MW or less.
Additionally, conduits with a
capacity of 40 MW or less may be
granted conduit exemption
through the traditional licensing
process. Previously, only state or
local governments could receive an
exemption for 40 MW projects;
other applicants qualified only if
the project was 15 MW or less
(FERC 2018a).

Interest in renewable energy has resulted in
increased research and development, and new
options are available for a variety of applications,

including distribution lines and dams.

associated with FERC licensing have
been major hurdles for micro-scale
hydroelectric projects to overcome
in the past, and although bureau-
cratic red tape remains, the recent
improvements have minimized the
upfront cost of applying for non-
jurisdictional status.

The Hydropower Act also
amended Section 405 of the Public
Utility Regulatory Policies Act of
1978 to allow FERC to grant
exemptions from licensing projects

The Hydropower Act also directed
FERC to investigate the feasibility of
a two-year licensing process for
hydropower development at non-
powered dams and closed-loop,
pumped storage projects to drasti-
cally reduce the cost and process
time of project licensing. In a report
to Congress in May 2017, FERC
staff concluded that a two-year pro-
cess is feasible without statutory
changes to the Federal Power Act.
Previously, licensing would have

PRV —pressure-reducing valve

PRV or micro-hydroelectric turbine

FIGURE 2 Two scenarios showing where a micro-hydroelectric turbine could replace a PRV

Water
treatment
plant

Water
treatment
plant

PRV or micro-hydroelectric turbine
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This is an example of a small conventional hydroelectric system. Photo courtesy of Canyon Hydro

This is an example of a pump-as-turbine unit. Photo courtesy of Canyon Hydro

taken approximately five to seven
years to complete. All of these provi-
sions can result in significant savings
in time and money for the applicant.

PLANNING

A good time for utilities to con-
sider adding hydroelectric capabil-
ity may be when a dam or PRV is
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being rehabilitated or replaced.
Once a water utility is familiar
with the regulatory process, it
should develop tools to identify the
best locations for installation of a
micro-hydroelectric turbine. A geo-
graphic information system (GIS)
is a valuable tool for evaluating the
hydroelectric potential of a site,
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organizing information about the
water system to identify the areas
of greatest hydroelectric potential,
such as PRVs and dams where
potential energy is being wasted
(Figure 2). The following site-spe-
cific criteria are critical to consider
when evaluating a site’s potential
hydroelectric capability.

Available head. Generating hydro-
power reduces the pressure in the pipe-
line such that a micro-hydroelectric
turbine often replaces a PRV (Fig-
ure 2). Available head needs to be
evaluated over the course of a year
because seasonal changes in reser-
voir levels or pressure changes in
the distribution line will affect the
ultimate annual revenue. High-head
sites traditionally have been the
most economical because the size
and cost of the equipment is less for
the same power output. However,
recent technological developments
have made low-head sites in the
range of 10 to 20 ft of head poten-
tially economical.

Flow. The range of flows through
the pipeline at the site needs to be
evaluated throughout the year. If the
flow and head are constant, a pump
can be modified to be used as a
hydroelectric unit. This is an eco-
nomical option but requires head
and flow conditions that vary by no
more than a couple of percentage
points. For more variable head sites,
compact Francis turbines are often a
good solution.

Existing infrastructure. Infrastruc-
ture must be evaluated for its ability
to support installation of hydroelec-
tric equipment, including determin-
ing whether a local distribution line
is available to connect the turbine
with the existing power transmission
system. The easier it is to connect the
new hydroelectric turbine and house
its equipment, the more economical
the project will be.

GIS can track potential loca-
tions with suitable head, flow, and
infrastructure to support the
hydroelectric project. The eco-
nomics of developing hydroelec-
tric capability improve if a water



system can use the produced
power to offset its need for power.
Analysis of GIS data can further
refine search results for sites that
are located within a certain dis-
tance of the areas of greatest
demand for power, such as pumps.
Once initial areas with hydroelec-
tric potential are identified, they
should be thoroughly assessed,
and any site-specific constraints
should be documented.

DESIGN

Once ideal locations for hydro-
electric generation are identified, the
appropriate technology fit at these
sites must be determined. Although
hydroelectric technology is well
developed, there is no one-size-fits-
all approach to maximize the energy
potential at every location. Interest
in renewable energy has resulted in
increased research and development,
and new options are available for a
variety of applications, including dis-
tribution lines and dams. The three
main micro-scale hydropower tech-
nologies currently available are small
conventional hydroelectric systems,
pumps as turbines, and low-head
hydroelectric turbines.

Small conventional hydroelectric
systems offer the advantage of large
operating ranges in both head and
flow and are well-developed, proven
technologies (see the top photo-
graph on page 40). The main disad-
vantage of small conventional
hydroelectric systems is that they
are relatively expensive for each
kilowatt of energy produced. These

technologies are best considered for
applications with high head.
Pump-as-turbine units use produc-
tion pumps with a generator instead
of a motor (see the bottom photo-
graph on page 40). The benefit of
these units is that they are less
expensive than small conventional
hydroelectric units for the same head
and flow. This technology is most
applicable where head and flow vary

Available Power
= Head x Flow x Efficiency/11.8
=100 ft x 9.3 cfs x 0.85/11.8
=50 kW

Today, the cost of equipment in
this range would vary from approx-
imately $100,000 for a pump-as-
turbine unit to $200,000 for a
small conventional unit. Installa-
tion would cost between $100,000

Interest in renewable energy has resulted in

increased research and development, and new

options are available for a variety of applications,

including distribution lines and dams.

by no more than a couple percentage
points over the course of a year.
New low-head technologies use
lighter construction and new
arrangements to produce hydro-
power economically at heads
between 10 and 20 ft. These tech-
nologies can be preferred over con-
ventional hydroelectric turbines,
which are very expensive at these
heads, and pump-as-turbine units,
which are generally not feasible.
Power estimates. The following
example demonstrates the potential
value of a typical hydroelectric asset
that might be owned by a water util-
ity. If flow in a distribution line is
approximately 9.3 ft3/s (6 mgd), with
approximately 100 ft of available
head (43.3 psi), the following results:

and $400,000, depending on how
much of the existing infrastructure
would need modification and what
other work would be needed to
install the unit. Assuming constant
head and flow and that the turbine
runs at capacity for 90% of the
year, this system would produce
390 MW-h annually.

Table 1 presents a range of hydro-
electric scenarios for various power
prices and equipment costs. The cur-
rent price for power at the low end
of the wholesale market can be taken
as $20/MW-h, while the upper limit
price, associated with net metering
with transmission and distribution
with RECs, could be as much as
$195/MW-h. In the middle range is

net meter without transmission and

TABLE1 Potential straight payback time for three hydroelectric development scenarios
Price for Power Cost of Equipment Straight
Scenario? (per MW-h) and Installation Payback
3 3 years

Net meteriqg, t'ransrr.lission, gnd distribution included, renewable 195 200,000 3
energy credits, ideal installation cost
Ne.t meteripg, transmission, and distribution not included, 70 400,000 15
mid-range installation cost
Sell energy at wholesale price and major installation cost 20 600,000 77

aAll scenarios assume production of 390 MW-h annually.
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distribution, estimated at approxi-
mately $70/MW-h. As Table 1
shows, the payback in terms of years
is highly variable. In the best-case
scenario, a utility would recoup its
investment within three years. In the
worst case, the water company
would break even on the investment
within approximately 77 years. A
favorable net metering arrangement
with an opportunity to install a unit
with few modifications to existing
facilities would likely provide a
favorable payback within 10 to 15
years, less if RECs are available.

CONCLUSION

Using these guidelines, water utili-
ties can evaluate the potential value
for hydroelectric power generation
within their system and make an ini-
tial estimate of the return on invest-
ment. Depending on the site condi-
tions, there is a wide range of
potential payback scenarios, so
utilities should carefully consider
whether these systems are appropri-
ate. Generally, the easiest payback
for a water utility is to use hydro-
electric power to supply energy for
its own pumps and facilities. As
more hydroelectric systems are
implemented, the overall sustainabil-
ity and resiliency of the water indus-
try will improve.
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