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1. BACKGROUND 

Conduit hydropower, as the name suggests, is a means of producing hydropower using conduits—defined 

as “any tunnel, canal, pipeline, aqueduct, flume, ditch or similar manmade water conveyance that is 

operated for the distribution of water for agricultural, municipal, or industrial consumption.”1 Conduit 

hydropower development offers several advantages over conventional hydropower development, 

including that it (1) does not require the construction of new dams or impoundments, (2) involves 

minimal environmental concerns, (3) is eligible for net-metering in most states, (4) yields high value for 

the energy generated, (5) entails reduced development timelines, and (6) may qualify for an expedited  

45-day regulatory approval process. 

In addition, some projects may be defined as a “qualifying conduit facility,” which falls outside of the 

Federal Energy Regulatory Commission’s (FERC) jurisdiction. A determination can be reached within 45 

days, provided that a facility (1) is less than 40 MW, (2) uses a non-federally owned conduit, (3) serves a 

primary purpose other than hydropower generation, and (4) is not currently licensed or exempted. 

There is approximately 530 MW of existing conduit hydropower in the United States, and a 2022 study 

by Oak Ridge National Laboratory (ORNL) found that an additional 1,414 MW of power potential exists 

within existing water conduits. The 2022 ORNL resource assessment provided a reconnaissance-level 

study, which estimated hydraulic head, water flow, hydropower potential, and annual energy generation at 

both county and state levels throughout the 50 states. Power potential was estimated for (1) municipal, (2) 

agricultural, and (3) industrial conduit sectors. Specific conduit applications evaluated include water 

supply pipelines for municipal and industrial uses; wastewater discharge conduits from municipal and 

industrial systems; agricultural water conduits, including irrigation canals and ditches in the 17 western 

states that rely heavily on irrigation; and thermoelectric power plant cooling water discharge conduits. For 

additional information, see Appendix F or consult Kao et al. (2022).2 

 
1 According to the Code of Federal Regulations Title 18, Chapter 1.B.4.D, Section 4.30 (b). 
2 Kao, S.-C., L. George, C. Hansen, S. DeNeale, K. Johnson, A. Sampson, M. Moutenot, K. Altamirano, and K. 

Garcia (2022), An Assessment of Hydropower Potential at National Conduits. ORNL/TM-2022/2431, Oak Ridge 

National Laboratory, Oak Ridge, TN. https://doi.org/10.2172/1890335.  

https://doi.org/10.2172/1890335


 

2 

 

Figure 1. National conduit hydropower capacity potential, by state. Source: Kao et al. (2022). 

2. WORKSHOP PURPOSE 

On April 18, 2024, ORNL and the US Department of Energy (DOE) Water Power Technologies Office 

(WPTO) hosted a virtual workshop with the goal of (1) highlighting research findings on US conduit 

hydropower potential, (2) identifying common industry challenges and lessons learned, and (3) informing 

the federal government in establishing a program to assist conduit hydropower project development. The 

workshop accomplished these goals through presentations of information as well as interactive sessions. 

Whereas the workshop presented background information on conduit hydropower, including the 2022 

resource assessment approach and findings, the interactive sessions focused on municipal and industrial 

conduit development. A diagram of an example water distribution system with agricultural and 

municipal/industrial conduit hydropower highlighted is shown in Figure 2. 
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Figure 2. Conceptual sketch of a water distribution system, including canals/conduits and other hydropower 

development locations. Modified from Bekker et al. (2021).3 

3. STAKEHOLDERS AND ATTENDEES 

In addition to the staff from WPTO and the project team at ORNL, the meeting was attended by various 

other stakeholders, including technology developers, project developers, utilities, asset owners, academics 

or other researchers, federal government employees, and researchers from other national laboratories. The 

workshop was open to anyone. The invitees were identified based on prior engagement with the previous 

project (pilot study and resource assessment report reviewers) and engagement in the conduit hydropower 

space (e.g., ORNL gathered information on organizations that received a qualifying conduit exemption 

for their project from FERC, involvement in case studies). A registration form was sent out and filled in 

by the attendees. This form can be found in Appendix D, along with a full list of organizations 

represented at the meeting and statistics about registrants. 

 
3 Bekker, A., M. van Dijk, C. M. Niebuhr, and C. Hansen (2021), Framework development for the evaluation of 

conduit hydropower within water distribution systems: A South African case study, Journal of Cleaner Production, 

283. 
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4. WORKSHOP LOGISTICS 

This workshop was held online on Zoom and lasted two hours. The overall meeting agenda included the 

following highlights: 

• Overview of the current state of conduit hydropower  

• Presentation on a recent nationwide assessment of conduit hydropower development opportunity 

• Brainstorming session on current challenges facing stakeholders 

• Breakout groups to navigate challenges across project development phases 

• Opportunity to share your challenges, needs, and successes 

Two external facilitators helped guide the discussion, and they navigated participant input on the platform 

xLeap. The meeting was divided into two main parts. The first half (the plenary session) was used to 

present to the attendees a brief overview of WPTO’s goals and focus regarding conduit hydropower 

development (see Appendix E). Furthermore, the results of the prior conduit hydropower resource 

assessment were presented by ORNL, as well as the current focus of R&D (see Appendix F). An 

overview of different perspectives regarding challenges from the larger group was gathered.  

In the second half of the workshop (the breakout session), the attendees were split into two groups by 

sector (Agricultural or Municipal/Industrial), based on their preference chosen during the registration 

process. The participants were asked to rank different development stages by their perceived level of 

challenge and went on to discuss them, guided by a moderator in each breakout room. This allowed 

participants to share their individual experience and challenges they have encountered as well as voice 

suggestions to WPTO and ORNL. 

Finally, at the end of the workshop all attendees were reconvened, and key takeaways and next steps were 

shared among the group. The following statistics are associated with workshop registration and 

participants: 

• 87% of Zoom attendees participated on the xLeap platform 

• 33% of those who were invited registered 

• 80% of those who registered attended the workshop 
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5. PLENARY SESSION 

Following the WPTO presentation (Appendix E) and ORNL presentation (Appendix F), a brainstorming 

session was held to share challenges in 5 words or less. The provided feedback is summarized in the 

following.  

Key challenges mentioned include economic constraints associated with developing conduit hydropower 

projects, such as low power prices coupled with high interconnection costs and the need for a quick 

payback period (2–3 years). Regulatory and lengthy approval processes from involved federal agencies 

such as the United States Forest Service (USFS) represent significant hurdles, as do local utility 

requirements and interconnection capacity constraints. A lack of awareness about the benefits of conduit 

hydropower, hesitancy from agricultural communities to engage with federal agencies, and difficulties in 

keeping the project champion engaged were also reported. Funding, site access and control, as well as 

competing operating priorities were also regarded as challenging. 

The complete list of comments without attribution can be found in Appendix A. 

At the end of the plenary session, attendees were separated into two breakout groups, either agricultural or 

municipal/industrial, based on their selection during registration or as requested during the Zoom call. 

The breakout sessions utilized the xLeap online platform. 

6. BREAKOUT SESSION 

The breakout sessions each included a facilitator and a moderator. The same procedure was used in the 

agricultural and municipal/industrial breakout rooms. The first breakout room question involved rating 

each phase of conduit hydropower project development on a scale of 1 to 5 based on how challenging 

each phase has been based on experience, with 1 being not at all challenging and 5 being very 

challenging. For the purposes of this activity, project development included the following phases: 

1. Internal and External Stakeholder Engagement 

2. Site Selection and Feasibility Assessment 

3. Design and Technology Selection 

4. Permitting and Licensing 

5. Financing and Power Sales 

6. Construction and Supply Chain 

7. Operations and Maintenance 

For the municipal/industrial sector (36 attendees), the top three most challenging phases were notably 

higher than the rest: financing and power sales, internal and external stakeholder engagement, and 

permitting and licensing.  

The difference in the perceived level of challenge of each development phase by stakeholder type can be 

seen below. 



 

6 

 

Figure 3. Level of challenge by development phase and stakeholder type for municipal/industrial breakout 

session.  

Following the rating of the most challenging phases, the participants conducted a challenges deep dive in 

which both typed and verbal feedback was provided to elaborate on experiences with and perspectives on 

the various phases of development. A summary of this discussion, which was guided by a moderator, is 

provided in the paragraphs that follow. For the complete written comments, see Appendix B.  

Participants voiced that identifying key project contributors, especially in early-stage development, is 

difficult due to the involvement of multiple public and private entities, making initial stakeholder 

engagement challenging. New ideas are perceived to lack development due to insufficient site 

development, leading to reliance on older pump as turbine (PAT) technology. One participant commented 

that they had installed over 30 PAT systems due to their off-the-shelf-design and cost-effectiveness. 

Despite potential for an expedited 45-day regulatory approval process, there are still regulatory hurdles 

with respect to permitting, such as jurisdictional issues between different federal agencies. This also 

influences financing of projects: projects with potential permitting hurdles are less likely to get developed 

due to the risk of additional cost. Similarly, newer technologies are more likely to get shelved due to 

higher uncertainties and associated risks. The power sales in many cases are too low to warrant 

development of a project, especially when a quick payback period of 2–3 years is required or expected. 

Having qualified staff for operation and maintenance is instrumental in successful implementation of 

conduit hydropower. 

For the agricultural sector (26 attendees), the same top three most challenging phases rose to the top. 

However, the order was slightly different: here, the order was financing and power sales, permitting and 

licensing, and internal and external stakeholder engagement.  
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The difference in the perceived level of challenge of each development phase by stakeholder type can be 

seen below. 

 

Figure 4. Level of challenge by development phase and stakeholder type for the agricultural breakout session.  

The same format was followed in the agricultural breakout session as that previously mentioned. After the 

ratings, the group conducted a deep dive into experiences and perspectives. A summary of this discussion, 

which was guided by a moderator, is provided in the paragraphs that follow. For the complete written 

comments, see Appendix C.  

Although financing and power sales were identified as the top challenge in the ratings, during the group 

discussion it became apparent that one of the major challenges regarding conduit hydropower 

development in the agricultural breakout room was internal and external stakeholder engagement. As one 

person pointed out during the meeting, “getting everyone onboard, motivated, and excited is the most 

challenging. After that, everything else falls into place.” The initial establishment of new relationships 

with potential clients is considered difficult, and the lack of education of external stakeholders and finding 

value in the project were all cited as hurdles. The cost of interconnection requirements and the low power 

prices—reportedly around 2 cents per kWh—especially in the Western United States cause project 

economics to suffer: smaller projects more so than larger ones due to generating less revenue despite 

similarly extensive development process costs. Regulatory requirements pertaining to conduit 

hydropower pose additional hurdles to project developments, such as fish passage and screening rules. 

Finding local qualified staff for equipment maintenance can be challenging, and lack thereof leads to 

prolonged outages.  

Following the deep dive, all workshop attendees regrouped into a single Zoom room, and a brief report 

summarizing the discussions in the respective breakout rooms was shared with everyone. There was a 
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consensus among the participants that this was a highly beneficial and important effort, and that there was 

interest in the next steps.  

Additional results from the xLeap breakout sessions are provided in Appendix B (municipal/industrial) 

and Appendix C (agricultural). 

Key takeaways are the need for better stakeholder engagement and education. Regionality plays a key 

role for conduit hydropower development; therefore, more site specific data and information is needed. 

Additional development of tools and resources would be immensely helpful. 

7. NEXT STEPS 

The information gathered during this workshop will be used to inform an ORNL cost and market barrier 

report on municipal conduit hydropower as well as the next phase of this project, which have been 

proposed and will be further evaluated by DOE WPTO in the coming months. Proposed future work 

includes additional stakeholder engagement, so stay tuned for opportunities to engage with DOE and the 

national labs on the topic of conduit hydropower. 
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APPENDIX A. CHALLENGES IN 5 WORDS OR LESS  

These are the unedited comments the workshop participants provided when asked to describe challenges 

regarding conduit hydropower development in five words or less.  

1. Price we get paid for power 

2. getting to know the interested developers 

3. <1 benefit:cost 

4. FERC, USFS, and regulatory approval 

5. low power prices in PNW 

6. Need for short term payback from industrial water operators - 2 to 3 year payback requirement is a 

challenging requirement.  

7. Project owner education/outreach/motivation 

8. Nowhere to put the power 

9. Interconnection costs 

10. FERC and other regulatory agencies 

11. Local utility requirements for interconnection and state utility commission hurdles 

12. Utility interconnection capacity constraints 

13. Interconnection distance 

14. keeping the project champion engaged, when their primary job function has no requirement to pursue conduit 

hydro 

15. Funding sources/incentives 

16. Understanding of the hydraulics 

17. Ag community hesitance to engage with federal government 

18. competing operating priorities 

19. Interconnection rules and processes 

20. Inability to gain site control 

21. Lack of definition/awareness on the total suite of benefits of conduit hydro to both owner/community and 

utility 

22. Concern about regulatory burden and siting, especially with respect to time. Also concern that scale is too 

small to make the economics work 

23. Regulatory process & Utility/Interconnection 

24. Regulatory policies-, utility incentivization, and interconnection standards 

25. Awareness of successful projects compared to other sources of renewables 

26. Business case frameworks 

27. Fish passage rules applied to the existing conduit 

28. Lack of development funding 

29. poor unit economics 

30. Initial capital and ongoing maintenance costs. 
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APPENDIX B. XLEAP RESULTS FOR MUNICIPAL/INDUSTRIAL 

BREAKOUT ROOM 

Challenges Deep-dive 

Prompt: Tell the story of a specific challenge in this phase - how did it affect outcomes (time, cost, risk)? 

what were lessons learned? what would have been helpful? 

1. Internal and External Stakeholder Engagement  

• Challenging to identify the individuals that can be most beneficial to anyone developing a project 

at the earliest stage. The issue is numerous entities, public & private. 

• Power Sales kill most of these projects unfortunately. We do not have a good end user for the 

power or way to get it into the distribution system that is close to most of these facilities. Also, our 

local power producer pays next to nothing for the power. They are far more interested in large 

scale wind and solar farms. This is just too small for them to get overly interested in. 

• Long sales cycles with bidding and procurement risk - staying focused and fully understanding the 

stage of the project is critical. Many entities are fishing for information to assess feasibility. 

 

2. Site Selection and Feasibility Assessment 

• As a water provider, it is difficult to sell this internally or provide money, space and time to 

install, operate, and maintain these systems when they compete with our core function. 

• Garbage in - garbage out...start with gratis top line assessment and move to concept design study 

for nominal fee to make the project shovel-ready for grants and internal funding.  

 

3. Design and Technology Selection 

• I am representing new tech in this area but company is not position to take their patented systems 

to market. Difficult to determine where to start engagement so the tech can be available to the 

market. 

• We have a chicken and egg situation where there are some new ideas but limited development of 

the technology because of the lack of development of the sites. We are sometimes forced to look 

at older Pump as a Turbine Technology for some of these sites. 

• We have installed over 30 PAT systems primarily because the designs are "off-the-shelf" and the 

least expensive hardware approach. We follow a classic 30/60/90 design process with the client 

engaging them along the way to refine the design and bid documentation for a constructor. 

Typically a 9 to 12 month process from contract signing to commissioning. Low risk portion of 

the project as long as the client is fully engaged. 

 

4. Permitting and Licensing 

• Water utility's facilities were on US Forest Service land. Permission to add hydropower took years 

to get due to staff turnover at USFS and delays in their review. Project was only 40 kW. 

• Tribal case ~200kW: had to sort out jurisdictional issues between FERC and USBR, then get 

approvals from 3 different utilities including $5500 fee for independent interconnection study. 

• Working on a remote project which would use a 300 kW turbine to power a remote village and 

WTP on USFS land. It's taken over 4 years and still haven't received approval or any type of 

commitment from USFS or FERC. 

• We avoid projects with permitting risk...it is a tax on the project and increases risk, cost and length 

of project. However, on the projects that have permitting hurdles, we include that review as part of 

the initial assessment work. 
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5. Financing and Power Sales 

• New technology has a more difficult time getting financed, whether through conventional sources 

- banks - or private equity investment. It requires a very knowledgeable sales person and a 

financing rep who may be willing to take on more uncertainty. 

• The amount the local electric utility is willing to pay for the power we could generate from 

potential conduit sites is not enough to offset the cost of developing and maintaining the project, 

which makes it a difficult sell to decision makers on whether to go forward with a project or not. 

• Working on a remote project which would use a 300 kW turbine to power a remote village and 

WTP on USFS land. It's taken over 4 years and still haven't received approval or any type of 

commitment from USFS or FERC. 

• We avoid projects with permitting risk...it is a tax on the project and increases risk, cost and length 

of project. However, on the projects that have permitting hurdles, we include that review as part of 

the initial assessment work. 

• Issues with tariffs and operating at a loss. 

• Find a way to partner with loads behind the meter. 

• It would be nice if small hydropower was incentivized more. Renewable Energy incentives seem 

to favor the larger projects. The economy of scale is not in our favor. 

• The Inflation Reduction Act allows in-conduit hydro projects to be eligible for PTC's even for 

municipal governments. This averages at 2.66 cent per kWh which greatly improves the payback 

of the project. 

 

6. Construction and Supply Chain 

• Had issues getting different pieces of equipment from various manufacturers on site at the same 

time, which led to construction delays and contractor overruns. In the end, it would've been better 

to hold off on getting the contractor on site until all equipment was shipped. 

• We typically provide bid documentation for constructor as part of our projects and have recently 

adopted a CMAR approach to accelerate transition to construction phase and reduce costs.  

 

7. Operations and Maintenance 

• Finding local operators or training and retaining folks who can operate the projects. Keeping a 

detailed maintenance log. 

• We are currently developing SMA's for multiple clients whose systems have been in operation 

over 10 years. 
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APPENDIX C. XLEAP RESULTS FOR AGRICULTURAL BREAKOUT 

ROOM 

Challenges Deep-dive 

Prompt: Tell the story of a specific challenge in this phase - how did it affect outcomes (time, cost, risk)? 

what were lessons learned? what would have been helpful? 

1. Internal and External Stakeholder Engagement  

• How do we speak the language of the stakeholder, in articulating value of the 

technology/energy/economics AND speaking to their specific infrastructural operations and pain 

points. We have wonderful ag/irrigation clients from personal relationships, but it's difficult to 

engage clients where there's no existing relationship. 

• The core responsibilities of water delivery are at times in competition with hydropower. Irrigation 

districts need to deliver water. 

 

2. Site Selection and Feasibility Assessment 

• A power company seems to use any opportunity they can to place more onerous requirements in 

interconnection agreements (generator output limiting control, O&M charges) without justification 

simply to make it harder and more expensive to keep existing projects operating and new ones to 

be developed. 

• Not having funding to pay for feasibility or initial design can slow things down. One irrigation 

district that is currently trying to move forward with an initial study has 50% grant funding already 

available but can't afford the other 50% They are applying for another grant but it may take 6-12 

months to get it. This delays the study by up to a year. If they then need additional funding to move 

on to additional steps they may face the same challenge again. 

• Distance to three phase interconnection has been an issue on projects in the past. I've seen a few 

projects that were relatively close to single phase power but it was too far to cost effectively bring 

three phase power to the area. 

 

3. Design and Technology Selection 

• With early supplier involvement, we managed to help developers shorten their project development 

time and most importantly have a lean installation concept with high civil savings. 

 

4. Permitting and Licensing 

• Fish passage and screening rules in Oregon prevent hydro being added anywhere on an irrigation 

conduit until screening and passage at the diversion are updated to current standards. That means 

canals/conduits that aren't currently up to standards will remain out of compliance for 

screening/passage AND not be making clean renewable hydropower. 

• A power company applies language to energy sales agreements that applies to wind and solar to 

address issues that don't pertain to hydro such as generator output limiting control (GOLC) without 

explanation. 

 

5. Financing and Power Sales 

• Low power prices in the west, some sites can only sell power for around 2 cents a kWh. 

• Doing a very small project requires most of the same steps and capabilities as a larger project, but 

the project makes much less money pushing challenging economics onto the whole project. getting 

benefit for supporting DERS and flexibility might bring some uplift but its still a fundamentally 

hard thing because small projects have fundamentally limited economic benefit. 
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• Interconnection costs are outside of a project developers control and can show up very late in the 

development process, challenging projects that have seemed like they were financially viable prior 

to the utility having a chance to weigh in. Many projects need support to negotiate with the utility 

on the requirements that are specified through interconnection studies. 

• And many of those values that we are talking about are ultimately defined at the regional/state 

level, which means it is a lot of work to create a more even playing field.  

• I know of one irrigation district that has existing conduit hydro with a PPA that is about to expire 

and additional conduit opportunities. They are unwilling to move forward on new projects unless 

they are able to get a new PPA for their existing project at a high enough rate to keep it financially 

viable. 

 

6. Construction and Supply Chain 

• There are a lot of limitations on sub-system components. I have a project where the team had to re-

design an entire control system because of the interaction between the plant SCADA and our PLC. 

These issues are pretty common and the projects are small and necessarily inexpensive so you can't 

just "buy your way out".  

 

7. Operations and Maintenance 

• Finding local expertise to provide maintenance services on equipment (quickly) can be challenging, 

resulting in long outages. 
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APPENDIX D. REGISTRATION FORM AND STATISTICS 
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Figure D-1. Number of registrants and attendees, by stakeholder type.  

• We had 87% participation in the X-Leap Platform compared to those who attended the Zoom 

meeting 

• 33% of those who were invited registered 

• Of those who registered, 80% attended the workshop 
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Figure D-2. Number of xLeap attendees in each breakout room.  

 

Figure D-3. Project size of interest for attendees, based on registration information.  
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Figure D-4. Sector of interest for attendees, based on registration information.  
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