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Disclaimer 

This report was prepared as an account of work sponsored by an agency of the United States 
Government.  Neither the United State Government nor any agency thereof, nor Percheron Power, 
LLC, nor any of their employees or team members, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not infringe 
on privately owned rights. Reference made herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States Government or any 
agency thereof, or Percheron Power, LLC.  The views and opinions of the authors expressed herein 
do not necessarily state or reflect those of the United States Government or any agency thereof.  
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Executive Summary: 

The objectives of Percheron Power, LLC's (Percheron Power) Project were to design, develop, 
permit, and operate an innovative low-head hydro-electric generation facility on an existing 
engineered drop of a large irrigation canal system.  The hydro-electric generation facility was 
designed to employ a new type of turbine and technology, called an Archimedes Hydrodynamic 
Screw (AHS), to harness the existing potential of the engineered drop.  The goal was to 
demonstrate the new lower cost AHS technology system to federal agencies, irrigation districts 
and other system owners and to support further development of new small hydropower 
projects at previously marginal low-head sites in the U.S.  

The Project proposal was submitted under the Advanced Hydropower Funding Opportunity 
Announcement (FOA) DE-FOA-0000486 of the DOE EERE WPTO which solicited applications 
from U.S. industry and laboratories for the development, testing, validation, modeling, and 
interconnection of advanced conventional hydropower systems in four topic areas1.  
Referencing the language in the FOA:  A major barrier to the development of small hydro in the 
U.S. is the development cost.  This includes licensing costs (including environmental), operation 
and maintenance costs, construction costs (site access and development, powerhouse, 
transmission interconnection), and equipment costs, thereby increasing the overall cost of 
electricity.  The FOA solicited applications that proposed innovative hydropower technologies 
to lower the cost of electricity for small hydropower and improve efficiency.  The goal was to 
reduce the Levelized Cost of Energy (LCOE) for small hydropower to less than $0.07/kWh 
($70/MWh) to be competitive with existing base-load power sources such as coal-powered 
power plants.  Topic Area 1: Sustainable Small Hydropower was focused on the need for 
efficient and low-cost small hydropower that can be quickly and efficiently deployed in low 
head/low flow existing waterways and constructed waterways.  Subtopic 1.2 was further 
specifically focused on “component or system testing of advanced innovative technologies…. 
that will promote cost-effective sustainable small hydropower development thereby making 
previously marginal projects feasible and more sites attractive for hydropower development”. 

The Low-Head Technology System: 
Percheron Power selected the Archimedes Hydrodynamic Screw (AHS) as the low head 
technology to be tested on an existing large irrigation canal.  The AHS systems have been 
deployed quite successfully in the U.K. and Germany over the past decade, but no known 
installations of AHS had existed yet in the U.S.   

An AHS turbine consists of three or more helix-shaped blades mounted on a central shaft.  This 
shaft/blade assembly is installed in a trough at an angle typically between 20 and 35 degrees 
(relative to horizontal).  Figure 1 shows a typical AHS turbine cross-section, and the powerhouse 
configuration is shown in Figure 2. 
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Figure 1.  Cross Section of an AHS Turbine.

Water enters the top of the screw, filling it to about the midpoint of the diameter.  As the water 
flows downhill it creates torque on the screw and causes it to turn.  The screw is connected to a 
gearbox to step up the rotation speed and turn the generator.  Systems are typically installed at 
a 22 to 25-degree angle (from horizontal).  

Figure 2.  Depiction of an AHS turbine "installed" in a Powerhouse.  Note Gearbox and Generator 
located above the screw at top right.
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AHS turbine systems are especially suited to sites with high flows (3 to 500 cfs per AHS turbine) 
and work economically with head levels between 3 to 30 feet.  They are technically very simple 
with significantly lower installed and operational costs than comparable low head Kaplan 
turbines.  The design and construction are straight-forward and robust.  Because AHS turbines 
rotate relatively slowly (20-50 rpm) and the inherent open design is so tolerant of debris, AHS 
systems are extremely reliable and can be expected to last 40 years or more with a minimum of 
operations and maintenance costs.  The ability to continue operations during wider ranges of 
flow and changing tailwater elevations in the canal or waterway typically adds significantly to 
the overall energy per year that can be generated. 

Project Tasks: 
The project was divided into four key tasks: Permitting/Licensing, Design, 
Construction/Installation, and Commissioning; in addition to overall Project Management and 
Reporting.  The first two tasks, Licensing/Permitting and Design, were completed in their 
entirety and all necessary construction documentation was submitted for Task 3, 
Construction/Installation.  As of the date of this report, the “shovel-ready” hydro-plant has not 
been constructed as it could not be built within the award period due to the local utility and 
wholesale supplier related petitions and requests for rehearing to the Federal Energy 
Regulatory Commission (FERC).  Further, due to significant reductions in wholesale power 
purchase prices over these past five years, it is expected that the project has become 
economically infeasible under the current award.  Although there were no issues expected with 
the technology, or construction or operation of the plant, the project unexpectedly developed 
into a “bellwether” case for electric utilities that are subject to the Public Utilities Regulatory 
Policies Act of 19782 (PURPA).  Although the local interconnecting utility supported buying local 
clean renewable energy from the new hydro plant, they were under a long-term “all 
requirements” contract to purchase their energy from their wholesale supplier.  The local utility 
petitioned the FERC to determine whether they could purchase the power from this Qualifying 
Facility (QF) under PURPA, despite the contract with their wholesale supplier3.  Percheron 
Power joined in the petition by filing an intervention in support of the local utility4 (included as 
Appendix A).  Although the FERC ruled in February of 2016 that the interconnecting utility was 
not only allowed, but obligated, to buy the power from this QF plant5, the wholesale supplier 
requested rehearing6 (which also was denied by the FERC7).  The wholesale supplier then 
submitted a second petition8 to the FERC which requested approval of a “penalty fee” to be 
charged to any local utility buying power from such QFs (penalty based on the lost power sales 
by the wholesaler for the full 20-year contract term).  The FERC again denied the petition9 and 
the wholesale utility again requested rehearing10, which the FERC granted “solely for additional 
consideration” in August 201611.  There has been no action by the FERC in the past 32 months, 
since granting the rehearing request.  In September 2018, the local utility voted to terminate its 
long-term supply contract with their wholesale supplier, to enable it to replace the wholesaler’s 
base load coal plant power with less expensive and more environmentally friendly local 
renewable energy.  However, the two parties then entered into new legal battles with the 
courts, the FERC and the Colorado Public Utilities Commission to define and appeal who has 
statutory authority in determining the “just, reasonable and non-discriminatory” termination 
costs of their breakup.   
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Under the present scenario, an acceptable 20-year Power Purchase Agreement with the 
interconnecting local utility is infeasible.  Although various other options for delivery and 
purchase of the project’s power output by another utility were diligently pursued, the presently 
mandated multiple levels of firm transmission or “wheeling” charges that would be required to 
move the power to another region have proven economically infeasible for this small plant, 
given current wholesale power rates in the West.  Through evaluation of market pricing trends 
and the situation with the FERC and the local utility, it was determined that the project was 
unlikely to be completed in the near term.  Percheron Power requested a further extension of 
the award and worked with EERE WPTO and other stakeholders to evaluate the possibility of 
co-locating an interested company/plant to consume the project power on-site or, 
alternatively, moving the project to an alternate location.  It was determined that to change 
project locations, Percheron Power would be required to identify and select a U.S. Bureau of 
Reclamation (Reclamation) canal site with similar characteristics and basically start over with a 
new permitting/design process, then develop/construct the new project on an expedited 
timeline within the remaining funding.  Percheron Power and EERE WPTO selected close-out of 
the award at this time.   

Products and Outcome 

Prior to selection of the Archimedes Hydrodynamic Screw (AHS) Technology System, Percheron 
Power investigated and evaluated both traditional and emerging turbine technologies for 
potential applicability to existing low-head sites in irrigation canals.  The traditional 
technologies for this flow and head range are typically axial Kaplan and bulb-type turbines, 
including the associated civil works that integrate the intake/discharge structure with the 
powerhouse.  There also were several emerging technologies, such as the French VLH turbine 
system and the Natel Energy, Inc. SLH system.  At the time of the project initiation, the concern 
about deploying these innovative systems in real-time operations was operational 
reliability/durability.  Most of the systems have multiple moving parts, require variable speed 
control, and did not offer a history of acceptable, long-term reliability in relatively remote or 
rural/unmanned field installations.  Percheron Power wanted to select a technology for the 
project site that was robust and well proven.  The goal was to successfully demonstrate and 
evaluate the AHS Technology System on the first canal site and then rapidly and effectively roll-
out the technology to additional low-head sites.   

The following advantages were identified for the AHS Technology System: 
a) Simpler design with fixed blades - no wicket gates or other adjustable blades, means more 

reliability and longer lifetimes/less maintenance.  Simple to install, operate, and maintain.  
This also corresponds to a simpler, and therefore more reliable, control system.  

b) High efficiency turbine (85-90%) which is maintained over a very large range of flows. The 
efficiency remains high during rising tailwater, which is an issue with most low head sites. 

c) AHS turbine system requires no cleaning and little maintenance which translates into higher 
operational capacity factors (typically < 2% downtime per year).
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d) Robust design and ease of fabrication of components - AHS screws have been used since 
300 BC to lift water; the structural design and fabrication methods are well proven.

e) More than one vendor currently available with no proprietary rights - there are at least four 
major suppliers in Germany and the Netherlands, in addition to others in Eastern Europe, 
with potential ability to develop/qualify additional suppliers in the future, particularly in the 
U.S., for best reliability, delivery, and pricing.  

f) Rugged and wear-resistant components.  
g) The AHS system can handle much larger debris than comparable Kaplan or bulb type 

turbines, with no deleterious effects (typically 6-inch screen clearance vs. <1-inch screen 
required for traditional turbines).  This translates into less head loss, less blade 
damage/wear, and lower costs of systems and operations for debris screening and removal.

h) Applicable to a wide range of flow and head conditions (15-500 cfs per AHS turbine with a 
head range of 3 to 30 feet).

i) Runs at lower speeds (21 to 50 rpm for AHS, vs. >350 for Kaplan) which means longer 
bearing life and less wear.  

j) Although not a factor in an irrigation canal, when used in rivers and other natural bodies of 
water, the AHS turbine also has been proven to be extremely fish-friendly, with zero 
mortality noted in studies in the U.K. and only minor (less than 1.4%) and recoverable scale 
loss for fish12,13,14,15.

k) Lower cost per turbine than traditional conventional Kaplan or bulb-type turbines used in 
low head applications.  In a recent engineering study in the UK., the AHS system was shown 
to be 22% less expensive than a traditional Kaplan Turbine system, in terms of capital cost 
per MWh per year16.

l) No impact to existing canal drop structures and irrigation operations.  A key requirement of 
Reclamation and other irrigation system operators is that power production must not 
interfere with the primary irrigation mission.  The AHS Technology System utilizes passive 
control and overshot protection features and leaves the existing engineered drop structures 
totally intact.  The AHS turbine modules are installed on a parallel waterway with passive 
overflow protection in the event of load rejection or other circumstance.

m) More than 50 AHS small hydro systems were currently in operation in the U.K. and Germany 
in 2012, with a combined operational experience of more than 100 years (over 400 are now 
in operation in the EU in 2019). 

One of the key goals of the FOA was to demonstrate that the Levelized Cost of Energy (LCOE) 
for small hydropower could be reduced to less than $0.07/kWh ($70/MWh) to be competitive 
with existing base-load power sources such as coal-powered power plants.  By utilizing the AHS 
technology for the proposed project, it was determined that the LCOE would be reduced by 
40% over traditional Kaplan or bulb-type turbine systems for the proposed project.  Although 
still "expensive", the AHS turbine system equipment was roughly half the cost of two other 
turbine system equipment vendor quotes for the same site (same flow/head conditions).  These 
cost estimates and vendor quotes for the “Standard Kaplan” vs. “Innovative AHS” Cases were 
reviewed and certified by a licensed professional engineer.  
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It is anticipated that significant cost reductions could be realized for the AHS technology system 
for the second and further plants.  The number of AHS turbines and turbine suppliers has been 
increasing in Europe which will provide more price competition.  In the longer term, U.S. 
suppliers and/or manufactures could be qualified which would avoid importing/shipping costs 
and would also minimize price instabilities due to the value of the U.S. dollar against foreign 
currency.  The overall permitting, design and control system costs would be expected to 
similarly be reduced after design and installation of the first system in the U.S.  An LCOE 
analysis was performed for the Second Plant using the AHS turbine system and taking these 
experience factors into account, demonstrated an expected LCOE of $69/MWh. 

Description of Key Tasks and Accomplishments: 

Task 1: Licensing/Permitting 

All key deliverables for this task were completed.  The selected canal site was in southeastern 
Colorado on an existing engineered drop structure that has been in operation for over 100 
years without producing any hydropower.  Since the canal is part of a Reclamation Project, 
Percheron Power was required to develop the AHS Demonstration Project site through a Lease 
of Power Privilege (LOPP) with Reclamation, in conjunction with the local irrigation association 
system operator (“Water Association”).  A Lease of Power Privilege by Reclamation is an 
alternative method to other licensing by the FERC for federally-owned conduits.  Both 
Reclamation and DOE completed a National Environmental Policy Act (NEPA) review of the 
project and issued NEPA Categorical Exclusions for the project.  

The LOPP between the Water Association, Percheron Power and Reclamation was executed in 
December 2014 and required construction within five years.  Other agreements developed and 
executed for construction of the project included: Memorandum of Agreement with the Water 
Association, Interconnection Agreement with the local utility, Memorandum of Understanding 
for the Power Purchase Agreement (PPA) with the local utility, Memorandum of Agreement 
with the Colorado State Historic Preservation Office (SHPO), exclusive Easement Agreement 
with the landowner; Preliminary LOPP and Contributed Funds Agreement, Project Management 
Plan, Safety Plan, Emergency Action Plan and Operations Agreement required by Reclamation.  

Task 2: Design 

This Task was fully completed, including all civil, structural, electrical, HVAC, and building design 
work and the Project received final design approval for construction from Reclamation.  Final 
design documents and formal specifications were developed and provided as a bid package for 
competitive solicitation.  A local General Contractor was selected for the Balance of Plant and 
Civil Works and a formal Construction Contract was executed.  A separate Request for 
Proposals and specifications were developed for the turbine system.  The turbine system 
consisted of three AHS turbines in parallel (as shown below).  Compact AHS assemblies, with an 
integral trough under the turbine, were selected for ease of installation on site.  The plant had a 
design flow capacity of 1000 cfs combined through the three turbines and was expected to 
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produce about one MW during the irrigation season, making it one of the largest 
demonstrations of the AHS technology in the world.  Following an international competitive bid 
process, a Turbine System Supply Agreement was negotiated and executed with the selected 
bidder.   

Figure 3.  Plan View of “in canal” Project Design 

A key requirement of Percheron Power's Project was that the existing canal system must 
continue to be operated such that it meets all water flow, water level, and water delivery 
requirements. The best way to achieve consensus on the plant design was to involve 
Reclamation and other stakeholders early on.  The local Water Association, utility, Reclamation, 
and other interested stakeholders were involved in reviewing and providing feedback and 
approvals on the conceptual, preliminary, and detailed designs for the project.  As part of this 
process, three different site designs were evaluated.  The option selected by the Water 
Association was the “in canal” design where a section of the existing canal would be replaced 
with the three turbines in parallel, as shown above in Figure 3.  A full-flow bypass would be 
constructed along the side of the canal, with a passive Obermeyer® gate and spillway, to allow 
automatic diversion of any or all canal flows when needed. 

Historic flow records were available from the Colorado Division of Water Resources for this 
Canal over the previous 22 years17.   Percheron Power analyzed the data and developed flow 
duration curves for the site.18  Figure 4 shows the flow duration curves that were generated for 
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several periods.  The analysis demonstrates a trend of increasing flow over the years.  The 
duration curve representing flows during the period 2008-2012 was used for purposes of 
turbine sizing and project planning.  

Figure 4.  Flow Duration Curves for South Canal Drop 2. 

The U.S. Army Corps of Engineers Hydrologic Engineering Center River Analysis Software (HEC-
RAS) models were developed for modeling the water surface elevations along the canal and 
benchmarked against actual measurements.  Reclamation Design Standards were reviewed and 
utilized for the design of the Plant, including:  Design Standard 3:  Canals and Related 
Structures; Engineering Monograph 25:  Hydraulic Design of Stilling Basins and Energy 
Dissipaters; Design of Small Canal Structures; Reclamation Water Measurement Manual; and 
Basin Type III Spillway.  The HEC-RAS model results, planned equipment and operations, site 
plan, structure plan and sections of the detailed design were presented and approved in design 
review meetings with the Water Association and Reclamation.  Reclamation reviewed the final 
design and detailed construction specifications and planned to oversee the construction of the 
project to ensure there are no negative impacts to ongoing operations of the Irrigation Project.  
Reclamation also required the completion of a de-commissioning design and cost estimate in 
the event it would be desired to remove the plant at the end of the 40-year term of the LOPP.

Task 3: Construction/Installation on Site 

All work in the Canal must be performed "in the dry" when the canal is empty.  The Project 
construction plan and schedule had to ensure that the Canal would be fully operational by the 
start of the next irrigation season, which is typically mid to late March.  On-site work needed to 
begin as soon as possible after canal shutdown, typically in mid-November.  All required Pre-
Construction documentation has been submitted to and approved by Reclamation.  
Construction at the Drop 2 site has been on hold pending execution of a Power Purchase 
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Agreement.   

Planned work at the site included excavation and removal of the existing concrete drops, and 
earth moving and grading to set the planned powerhouse elevation.  Since the new Plant would 
be contained essentially within the existing canal footprint (Figure 5), no significant impacts to 
the environment or cultural resources were expected.  There are multiple areas along the 
existing Canal which exceed 90 feet in width.  The expected maximum width of the Plant is a 
total of 75 feet across the turbines and bypass, with shaped inlets/outlet transition areas as 
wide as 110 feet.  Percheron Power and its contractors would utilize the existing access roads 
and underground electrical distribution line adjacent to the Site. 

Figure 5.  3D View of Concrete Footprint for new Plant overlaid on topographic of existing Canal. 

The powerhouse foundation and bypass channel would be constructed, as well as the embeds 
for the gates and trash rack.  The turbine assemblies would be installed in the powerhouse and 
then the metal building enclosure would be completed. The powerhouse also incorporated a 
removable roof feature to allow future maintenance or removal of the turbine system. 

Topographic and geotechnical surveys of the site and adjacent areas were completed by a local 
geotechnical firm and the results were documented in a final Geotechnical Engineering Report19

which recommended continuous strip footing foundations embedded sufficiently into the shale 
to provide a more uniform moisture content condition in the shale.  The resulting structural 
design of the foundation accommodates these soil conditions through the use of special 
foundation stabilization and water management techniques.  The geotechnical consultants 
would provide further recommendations regarding soils and concrete analyses during 
construction. 
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Task 4: Testing and Commissioning  

A Testing and Commissioning Plan was developed and approved by Percheron Power and the 
Turbine System supplier.  The plan included test sequences, specific performance 
measurements and criteria for the different subsystems, and various contractor responsibilities 
and remedies.  The PLC/SCADA control system would be tested to ensure appropriate system 
response, over all postulated normal/off normal conditions and events, particularly including 
loss of power.  As part of the test plan, the efficiency and output of each turbine would be 
measured over a range of flow rates.  Testing and Commissioning of the AHS system has been 
on hold pending execution of a Power Purchase Agreement and construction of the plant. 

Plant design and operations were based on three identical AHS turbines.  Two of the turbines 
would be connected to 460 KW induction generators that must operate at a fixed speed and 
are referred to as constant speed turbines.  These turbines only would be operated at full 
capacity.  The third turbine would be connected to a 445 KW induction generator that is 
connected to a variable speed control system.  This turbine would be operated over a range of 
flow rates and is referred to as the variable speed turbine.  All 3 turbines have a maximum 
capacity of 333 cfs.  For flows less than 333 cfs, only the variable speed unit would run.  At flows 
ranging from 333 cfs to 666 cfs, one of the constant speed turbines would operate at maximum 
capacity, and the variable speed unit would take up the difference.  At flows above 666 cfs, the 
two constant speed turbines would both be operated at full capacity and the variable speed 
turbine would take up the difference.  For flows above 999 cfs, all three turbines would operate 
at maximum capacity, and the excess flow would be routed through the bypass channel.  The 
system would be functional and able to deliver reliable power to the grid whether 1, 2 or all 3 
turbines are in operation during the irrigation season. 

Percheron Power planned for the Water Association to operate and maintain the Plant.  
Because this AHS Plant would be the first of its kind in the U.S., training would be required and 
provided by the turbine manufacturer on-site.  Under the terms of the Memorandum of 
Agreement between the Water Association and Percheron Power, Percheron Power would 
provide training for up to three qualified Water Association personnel.  The Water Association 
would name a Lead Operator for the Plant and a Back-up Operator.  The designated Lead 
Operator would have the capability to access and respond appropriately to the SCADA system, 
and must be able to be on-site within a reasonable time of any emergency event and for non-
automatic restart of the Plant.  At all times, a Lead Operator would be designated.  If the Lead 
Operator is unavailable, the backup operator would act as the Lead Operator.  Both Percheron 
Power and the Water Association would have physical copies of the complete operations and 
maintenance manuals for the Plant.  Percheron Power and the Water Association would work 
together to determine the occurrences, notifications, and required actions for all normal and 
off normal events, once the control logic of the Plant was available.  Percheron Power or its 
representative reserved the right to monitor, train and test the Lead Operator to ensure the 
Lead Operator is qualified to operate and maintain the Plant.   
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Lessons Learned: 

The desired process of engaging and including stakeholders early on in the project worked very 
well.  Percheron Power worked closely with the Water Association and Reclamation on the 
design and planned operation of the plant.  Their input and needs also directly drove the 
selection of the “in canal” design option.  About one year into the project, the USBR Small 
Conduit Hydropower and Rural Jobs Act 20 was passed which resulted in changes to 
Reclamation’s LOPP process during the project that weren’t anticipated based upon the team’s 
experience with a successful LOPP on the same canal executed the previous year.  This resulted 
in the team re-tracing some steps and adding other tasks and agreements to follow the new 
required process.  There were other cost/schedule impacts to the project having to do with the 
geotechnical conditions of the particular site, the utility’s specific interconnection 
requirements, as well as shipping costs/logistics due to the planned importing of the turbine 
system from Germany.  Based on the experience with this project, it became evident that 
future small hydro-project plant costs and designs may continue to require site-specific 
adaptations even if future plants utilize a “modular” approach.  For example, the surveyed soil 
conditions at the specific site (which included expansive clays) resulted in significant changes to 
the structural design, and increased both the excavation, footings and concrete costs/schedule 
for the plant.  Additionally, the interconnection requirements and reviews/approvals are set by 
the interconnecting utility and the utility requires the developer to pay all costs of the 
interconnection.  Although the expert Percheron Power utilized had performed power plant 
interconnection designs for many small and large operating plants around the country, he 
found the local utility to be very difficult to effectively work with in changing their design 
requirements through several rounds of reviewing/approving the interconnection design.  The 
utility basically dictates the design and specific equipment choices based on their preferences 
for their own operations, so a “modular” approach to plant protection/interconnection in new 
future plants should not generally be expected to be applicable.  Additionally, based on their 
experience, electrical subcontractors didn’t want to perform the interconnection work as a 
fixed price contract when the utility was going to oversee/re-direct the work. 

The project followed the new LOPP process and Reclamation’s Western Colorado Office was 
extremely responsive and helpful, and truly wanted to make new hydropower projects work in 
the region.  Similarly, the Water Association was an enthusiastic and helpful early partner in the 
project.  Percheron Power also selected local contractors for the surveying and geotechnical 
work as well as the general contractor.  In addition, Percheron Power met with the local mayor 
and other government and company officials about the project.  This further connected the 
project team and the local community, both from an economic development perspective and 
with the expected “thrill” of working on a high-profile renewable energy project which was 
expected to be the first AHS plant in the nation and one of the largest in the world to date.  

The local utility verbally provided their expected wholesale price for the expected PPA up front, 
as well as confidential copies of very recent contract/pricing agreements for other projects.  
The projected pricing was expected to provide a positive ROI for the project and make the plant 
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economically feasible.  However, Percheron Power was unable to secure or negotiate a binding 
term sheet or pricing contract since beginning negotiations and executing a non-disclosure 
agreement with the utility in February 2013.  Percheron Power continued to press for a written 
agreement, and the utility wouldn’t proceed without submitting a request and receiving a 
positive ruling from the FERC on the QF power issue prior to offering any agreement to 
Percheron.  Percheron Power worked closely with the utility in its appeals to the FERC and 
expected a PPA would follow a successful ruling by the FERC.  A Memorandum of 
Understanding (MOU) was executed between Percheron Power and the utility for the project in 
July 2015, following about 18 months of interactions with the FERC.  Prior to the MOU, 
Percheron Power also had completed the interconnection design and successful negotiation 
and execution of the formal Interconnection Agreement with the utility.  The MOU with the 
utility specified the power delivery/purchase from the new plant was to begin no later than July 
2016, and the utility committed to continue to “negotiate in good faith on energy and capacity 
purchase terms” towards a PPA.  Following execution of the MOU, the utility still delayed 
committing to any pricing for the power, apparently due to their own strategic objectives and 
legal/liability concerns with their wholesale supplier.  Since late in 2014, the utility was able to 
successfully utilize the new small hydro project and Percheron Power to energize the 
community’s support for the utility to push back (in the press and formally through the FERC) 
on their wholesale supplier regarding the “ceiling” on renewable energy in their full 
requirements contract.  However, in retrospect, it was not in the utility’s or their ratepayers’ 
best interests at the time to execute a PPA at a similar price to other recent renewable energy 
project agreements while the utility was working to exit their entire full requirements 
wholesale contract.  In a sense, Percheron Power and the project were the “bellwether” case 
for QF development under PURPA21, but did not benefit from the case because the market for 
renewable energy in the West was undergoing rapid change.  Under PURPA, utilities are 
required to buy new small power generation from QF’s and "the rates for such purchases shall 
be based on the purchasing utility's avoided costs calculated at the time of delivery". And, from 
18CFR Part 202.302 (c )ii “With regard to an electric utility which is legally obligated to obtain all 
its requirements for electric energy and capacity from another electric utility, provide the data
of its supplying utility and the rates at which it currently purchases such energy and capacity.”
However, once the utility achieved its key power supply objective (allowing it initially to 
purchase QF power and eventually freeing itself from its long-term wholesale supply contract), 
then the utility’s self-calculated QF avoided cost rate dropped significantly.  Their “avoided 
cost” was no longer the utility’s wholesaler’s cost to them (which was then well above 
$70/MWh), but essentially became the lowest cost available market purchase (the utility’s 
published QF tariff is currently at $37.80/MWh22).   PURPA, through 18 CFR Part 292.302(b), 
also requires utilities make available system cost data from which avoided costs may be 
derived.  However, essentially all of the leverage and cost/pricing for new power contracts are 
in the utility’s hands, which results in an extremely weak negotiating position for new 
hydropower generation projects.  In addition to cutting the PPA offer price significantly for 
Percheron Power’s new plant from the ~$70/MWh openly discussed at the beginning of the 
project, the draft pricing agreement eventually received from the utility included several other 
unfavorable clauses, giving the utility the power to:  change the contract purchase price at any 
time, based on their estimated future avoided costs at the time; curtail the purchase at any 



Final Technical Report 
DE-EE0005428 

Percheron Power, LLC 

Page 15 of 17 

time if the utility can generate the power for less cost; pass on any other costs/fees associated 
with operations or use of the power or its wholesale provider, including transmission between 
substations within their own service territory; and exit the entire agreement with one-year 
notice.  Further, although the draft contract was offered following the positive FERC rulings 
requiring the utility to purchase the QF power, the contract also was to be contingent upon the 
utility’s continuing determination that they were required to buy the project output under 
PURPA, and that such purchase/contract complied with their current contract with their full-
requirements wholesale supplier.   

Although Percheron Power was unable to negotiate an acceptable PPA with the utility, 
Percheron Power came to understand that the utility expects, as its fiduciary duty to its 
ratepayers, to limit its future exposure to any contract risks and to pay as little for power as 
possible (therefore its objective is to always procure power at the lowest available alternative 
market price).  Basically, it became antithetical to their best interest to execute a long-term PPA 
in an energy market where prices were falling dramatically.   

While it is true that new small power generation projects may have other “market” options if a 
satisfactory PPA can not be successfully negotiated with the local interconnecting utility, the 
realities of moving the power to another utility are quite different.  The power can be 
“wheeled” through the existing transmission system to another off-taker with more interest 
and/or favorable power purchase rates in a different state.  However, current interconnection 
and transmission rules of the FERC allow the interconnecting utilities (which includes every 
utility between the generation point and the eventual off-taker) to charge fees for transmission 
(via an Open Access Transmission Tariff, or OATT23).  So, this ~1 MW irrigation project would be 
required to separately procure, contract and pay for “firm transmission” for at least 3 separate 
levels or “pancakes” of transmission charges with 3 separate entities to get the power out of 
the wholesale utility’s service area.  Further, even though the project could only operate for 
part of the year (during irrigation season), these transmission fees would be charged year-
round.   

In retrospect, there are several things that may have allowed the project to be finished, had 
they occurred at the appropriate time, including:  1) If an acceptable PPA near $70/MWh was 
ultimately executed, as planned at the project’s outset; 2) If additional agency funding and/or 
very low interest rate capital (such as Clean Renewable Energy Bonds (CREBS), Reclamation 
Water Smart Grants,  or Colorado Water Resource Board loans) was received to decrease the 
balance of capital costs and provide a positive investor return for the private equity portion of 
the project (so the project wouldn’t “lose money” for the next 20 years in operation); 3) If 
WAPA/BPA and Reclamation agreed to a power swap for use on a Reclamation project or 
transmission to another utility at little or no transmission charge for the demonstration project, 
as part of the Colorado River Storage Project transmission allocations for WAPA preference 
customers or other method (done in other regions/projects); or 4) Percheron Power 
recognizing the inevitability of the multi-year delay upon the first filings with the FERC and 
working sooner with DOE-EERE WPTO to select/change sites for the project.    
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Conclusion: 

The potential for low-head hydro in the engineered drops in both federal and private irrigation 
system is well known and significant24,25.  The environmental and socio/recreational impacts of 
harnessing this renewable energy resource in man-made conduits are much less, and often 
insignificant, compared with comparable hydro-electric potential in natural water features on 
rivers, lakes, and streams.  Yet, few new plants have been commissioned in more than two 
decades.  Over the same time period, low head hydro installations in Germany have more than 
doubled26.  The challenge is in finding economical ways to harness the hydro-electric potential 
in the engineered drops, and efficiently deliver the power to the grid.  The system must work 
reliably and provide power at a competitive cost, with little or no environmental impact.  
Projects must also demonstrate to Reclamation, irrigation districts, and other agencies and 
stakeholders, that hydro-electric generation projects can be implemented in existing conduits 
and engineered drops with no negative impact on the structural integrity or operation of 
existing irrigation system infrastructure.   

While the new AHS technology and proposed project met the cost targets of the FOA to be 
competitive with base load power prices in 2012, it was not foreseen by the DOE or Percheron 
Power that wholesale power purchase prices in the West would drop dramatically over the past 
five years (since the FOA was issued). The utility industry is undergoing a historic disruption due 
to the rapid wave of new large wind and subsidized solar installations.  Although an LCOE of less 
than $70/MWh was demonstrated to be achievable, the price the “market” will now pay for 
new renewable energy is between $25 and $40/MWh in the West.  Further, there is little 
interest for utilities and their rate-payers to enter into long term (20-year) PPA’s when the 
power supply/storage/wholesale cost/transmission landscape in the U.S. is projected to 
continue to rapidly evolve over the next decade.   Under this current scenario, even with new 
technology and lower LCOE, it is very difficult for new small hydro-plants to be financed and 
developed in irrigation canals and provide a positive ROI.  It is quite possible that the capital 
costs of the plant could be further lowered through modularization of the design for both the 
turbines and civil works.  Indeed, based on the knowledge gained through the design of the 
plant and associated equipment and construction bids, Percheron Power recently successfully 
completed a follow-on effort to develop a lower-cost modular Archimedes Turbine made of 
advanced materials27.  While this first Composite Archimedes Hydrodynamic (CAHS) Turbine 
prototype was roughly half the size of the turbines planned for the Colorado site, the proven 
efficiency of the CAHS turbine was higher and the LCOE of production units are projected to be 
significantly lower than conventional AHS turbines made of steel.  Additionally, if the 
incremental value of new hydropower can be quantified in a methodology that increases the 
price utilities will pay or provides other incentives for this new renewable resource, and/or very 
low cost capital (such as CREBS or other) can be accessed, the hundreds of existing man-made 
drops could be readily developed to offset existing greenhouse-gas producing energy plants.  In 
short, the technology exists, and its reliability has been demonstrated, but the current market 
does not provide the necessary drivers or enablers for new plant development even at the 
presently reduced LCOE.  
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