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A B S T R A C T

Water conduits have a large untapped potential to recapture energy for small hydroelectric generation, which
can substantially reduce grid electricity consumption and/or provide renewable energy to water agencies. Over
the past decade, there has been a recent technological renaissance in off-the-shelf “water-to-wire” turbine
technologies including reaction, impulse, and hydrokinetic turbines that target the sub 1-MW in-conduit hy-
droelectric market. However, adoption of small hydropower technologies remain limited in water and waste-
water utility sector, possibly due to the lack of market penetration and exposure. Moreover, information about
newly developed small hydropower technologies in the last 5–10 years for in-conduit applications are highly
dispersed in the literature. As such, this paper is a comprehensive review on recent technological innovations
and trends in hydropower generation from water conduits. Sixteen turbine technologies (eight conventional
turbines and eight emerging turbines) are assessed and compared based on their potential benefits and chal-
lenges, technology readiness levels, as well as potential sites for installations in diversion structures, potable and
irrigation water distribution systems, and wastewater outfalls. Although conventional turbines are considered to
be more robust, the modular design of the newer turbines potentially offers a more cost effective solution and
better scaling-up capability. Selected case studies on the application of conventional and new turbines for pi-
pelines are also are also reviewed and discussed.

1. Introduction

Increasing population growth coupled with rising energy demand
and climate change have shifted our energy focus from traditional fossil
fuel to renewable energy sources. One of the renewable energy sources
of interest currently in the United States (U.S.) is hydropower (Doig,
2009). The current U.S. hydropower fleet consists of 2198 active plants
with a total capacity of 80 gigawatts (GW), accounting for approxi-
mately 7% of all U.S. generating capacity (Uría-Martínez et al., 2015).
In recent years, development of large hydropower (> 30MW) in-
stallations has declined due to concerns associated with regulatory and
permitting challenges, land acquisition costs, and environmental im-
pacts (Lisk et al., 2012). Nonetheless, according to the U.S. Department
of Energy (DOE), hydropower growth is still expected to occur from the
following projects: (i) upgrades at existing hydropower plants; (ii)
powering of non-powered dams; (iii) new stream-reach developments

(NSDs); (iv) new pumped-storage hydropower; and (v) powering ex-
isting canals and conduits (DOE, 2016). Through its Hydropower Vision
initiative, the DOE predicted that hydropower in the U.S. will grow to
nearly 150 GW by 2050 due to the implementation of these projects
(DOE, 2016).

Within the above hydropower project portfolio, small hydropower
systems are increasingly being considered as an important source of
renewable energy in the U.S. and other parts of the world. Small hy-
dropower is a unit process capable of generating capacity up to 10
megawatts (MW) (FERC, 2017a), typically installed in existing dams/
weirs, canals, ditches, aqueducts, and pipelines. According to Paish
(2002), small-hydro systems can also be further classified as mini-hydro
(< 2MW), micro-hydro (< 500 kW), and pico-hydro (< 10 kW). The
two key advantages of using small hydropower are: (i) its higher effi-
ciency compared to wind and solar (70–90% efficiency) and (ii) its less
output power variation (Uhunmwangho and Okedu, 2009). There are
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currently 1640 small hydropower plants with a combined generating
capacity of approximately 3670MW in the U.S (Johnson and
Hadjerioua, 2015). However, there is a tremendous untapped potential
of small hydropower installations. For instance, in the state of Cali-
fornia alone, there is 2467MW undeveloped small hydropower poten-
tial (Park, 2006). Although the greatest potential lies in natural water
courses (2189MW), the same study also estimated substantial hydro-
power potential in man-made water conduits (255–278MW).

Water and energy are inextricably linked in engineered water con-
duits. Water pumping in these conduits can be an energy intensive
process. In turn, the embedded potential and kinetic energy can be also
a source of recoverable renewable energy. Currently, much of this en-
ergy is being wasted in energy dissipating devices such as pressure
reducing valves (PRV) and canal drops. These energy dissipating points
can alternatively serve as energy harvesting spots to make the overall
water conveyance system more energy-efficient by off-setting electricity
usage and, in some cases, providing additional electric power to sur-
rounding communities. As in-conduit hydropower can be installed at
multiple locations of water delivery systems (e.g., Fig. 1), the potential
benefits can be significant.

Presently, one of the most salient drivers for development of in-
conduit hydropower projects is a simplified regulatory framework
(Johnson and Hadjerioua, 2015). As an add-on to existing infra-
structure, in-conduit hydropower is often considered to have minimal

environmental impact. As a consequence, most of the conduit hydro-
power facilities (≤40MW) are eligible for conduit exemption from li-
censing by Federal Energy Regulatory Commission (FERC) (FERC,
2017b). FERC also requires no license or exemption from qualifying
facilities that (i) use man-made conveyance not primarily used for
electricity generation; (ii) generates electricity only from non-federally
owned conduit; (iii) has installed capacity of ≤5MW; and (iv) are not
licensed or exempted prior to August 9, 2013 (FERC, 2017c). These
qualifying facilities can simply file a Notice of Intent (NOI) with FERC
without going through a costly and time-consuming exemption process.

In addition to regulatory incentives, significant technological de-
velopments in the past decade have lowered the cost of ownership of
small hydropower installations. Recent studies, for example, have in-
dicated that the levelized cost of electricity (LCOE) of small hydro-
power projects ($20/MWh - $270/MWh) is now comparable with larger
projects ($20/MWh - $190/MWh), especially when constructed in ex-
isting water structures (IEA-ETSAP and IRENA, 2015). A new genera-
tion of small hydropower technologies has also appeared as major
competitors to century-old conventional turbines, especially for in-
conduit applications. Many of the newer turbine technologies targeting
the sub 1-MW in-conduit hydroelectric market are now typically man-
ufactured as compact, modular, and ready-to-deploy “water-to-wire”
packages, which can potentially lower construction and installation
costs to water and wastewater utilities.

Fig. 1. Potential locations for implementation of small hydropower in water conveyance system (marked by red circles). Adapted from (Loots et al., 2015).
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