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Disclaimer: This report and findings discussed are intended solely for information purposes and 

are not to be construed as a guide towards manufacturing hydropower harvesters. There are no 

expressed guarantees because of the exploratory nature of the work reported. 3D printing is a 

growing technology that is continuously evolving. As such, the printer and materials used are 

primarily to demonstrate the feasibility to fabricate laboratory scale prototypes. In-water testing 

and other mechanical tests have to be performed in order to determine the ability of the harvester to 

perform as desired in real-world environments.  
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Summary: The New Mexico Water Resources Research Institute (NM WRRI) Student Research 

grant has enabled the use of 3D printing technology to show the feasibility to manufacture functional 

hydropower harvester prototypes for laboratory testing as a first step towards full-scale prototype 

manufacturing. Furthermore, work performed under the NM WRRI grant has provided a basis to 

propose a significant research and development effort for the US Department of Energy Water Power 

Program to harness the available energy from non-powered dams (NPDs) and to extend this 

technology to new stream development (NSD) across the United States. 

 

The Hydro-Weir Project, undertaken as a Senior Capstone Design project, aimed to develop a 200W 

hydropower harvester to harness energy from weir-flow systems. The objective was to design and 

fabricate a laboratory scale prototype at the lowest cost. The size and shape had to conform to 

simulated weir-flow characteristics in the NMSU hydraulics laboratory. Through the student research 

grant, we have shown for the very first time that a hydropower harvester prototype can be fabricated 

using 3D printing technology. 

 

Initial cost estimates to fabricate a full-scale harvester prototype through the Keck Center for 

Advanced Manufacturing at UTEP proved prohibitive. However, the feedback from Keck Center 

reinforced our understanding that the prototype could be fabricated in many smaller sections than 

previously envisioned, thereby making it feasible to employ commercially available 3D printers. Our 

initial tests at 3D printing a (1/10th) scale model confirmed that it is indeed possible to fabricate 

prototypes suitable for testing in a laboratory. Fig. 1a illustrates a mockup of a generator connected 

by pulley and belt to the 3D printed involute water wheel (inset). The outer shell enclosing the 3D 

printed water wheel, fabricated in two parts, snap to fit making it a plug & play system. The modular 

plug & play architecture is a remarkable outcome of the project as it points towards the possibility of 

fabricating full-scale prototypes having similar snap-to-fit modularity and achieved through advanced 

additive manufacturing techniques.  

                                    
Fig. 1a. Mockup of harvester;  Fig. 1b. Preliminary design showing turbine cuboids 

 

Collaborating with the NMSU Aggies Innovation Space during Spring 2016, our research indicated 

that a full-scale prototype could be built at a cost substantially less than prior estimates by 3D printing 

small cubic sections, approximately 11ò x 11ò x 11ò cuboids, which can be printed and assembled in 

succession. Fig. 1b illustrates the preliminary design parameters of the harvester showing cuboid 

sections that interlock between male/female joints to form the turbine casing. The extended inlet 

shown is to emphasize the possibilities for extending the inlet, if required, by 3D printed segments 

that are attachments. The design, therefore, allows custom-fitting existing spillways and weirs so that 

the amount of civil works is significantly reduced for deployment. The reduction in civil works is 

indeed a revolutionary outcome of this project as it confirms the possibility to reduce the Levelized 

Cost Of Engineering (i.e., $/kWh) to the lowest possible figure in hydropower development. 
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1. Background: Hydropower is the largest U.S. renewable power source, providing nearly half 

(48%) of all U.S. renewable power in 2015.The new US Department of Energy hydropower initiative, 

HydroNEXT, predicts that U.S. hydropower could grow from a current capacity of 101 gigawatts 

(GW) to nearly 150 GW by 2050. This estimate reflects an aggregate flow of all available water over 

spillways and weirs ranging from 10 feet up to 50 feet at non-powered dams that have perennial or 

intermittent flow and are open for development. The assessment shows that existing U.S. non-

powered dams could provide up to 12 gigawatts (GW) of new renewable hydropower capacity from 

50,000 suitable non-powered dams.  

 

The concept developed in the Hydro-Weir project singularly addresses weir-flow systems wherein 

the shape of a weir gives form to a self-supporting, minimally intrusive hydropower harvester. This 

shape conformity uniquely underscores the adaptability required of new hydropower generation that 

enables considerable reduction of civil works for its deployment. In addition to the self-supporting 

ability, the shape also defines the structural attributes of the harvester that characterizes stability, 

performance, scalability, modularity and durability enabling plug-&-play hydropower harvesting 

systems that are easy to manufacture, assemble and deploy. 

 

Prospects for Hydropower Development in New Mexico: Two major Weirs in the State of New 

Mexico managed by the Bureau of Reclamations, namely, the Leasburg Diversion Dam and the 

Percha Diversion Dam, illustrate possibilities where the proposed concept to harvest hydropower has 

the greatest impact on agriculture, jobs, regional stability and sustainability of many farming 

communities throughout Southern New Mexico. Adaptability is an important attribute in hydropower 

development, which includes the ability of technology to blend in aesthetically with the environment 

and to augment the ecology towards maintaining regional biodiversity. Sustainability, on the other 

hand, is an outcome of a reliable and efficient technology. Together, these attributes contribute 

towards a technology that will continue to serve energy needs for generations.  

 

Technology sustainability  via rapid manufacturing: Low cost and high efficiency are the two 

principal attributes for a sustainable technology. In a manner the variable-pitch impeller of a vertical-

axis Kaplan turbine yields 95% efficiency, the Hydro-Weir design requires optimization. Turbine 

flow characteristics must be optimized to desired weir-flow rates along with an optimized turbine 

blade configuration and geometry with variable pitch capability that yields efficiencies greater than 

80%, (a metric for low-head hydro targeted by the EERE HydroNext Initiative). The goal is to 

maximize the efficiency through computational fluid dynamic studies. With novel approaches to 

incorporate variable pitch impeller capability the weir hydropower concept undertaken holds promise 

towards achieving the highest efficiency.  

 

Significant reductions in manufacturing cost can be achieved by adopting a ñsnap-to-fitò design of 

parts that minimize the time required to assemble. The 3-step process of fabricating the complex 

geometry of a turbine impeller highlights the ease and simplicity required for rapid manufacturing. 

Fig. 2a shows a hub segment and an involute blade printed separately. The rounded-end of the blade 

slides into the rounded slot of the hub segment. Fig. 2b shows how involute-shape blades mounted 

on hub sections can be assembled as interlocked segments to form the 6-blade impeller. The shaft 

core is fabricated separately and is shown as an inset. The elapsed time to fabricate is approximately 

200 Hours of printing six blades, six hub segments, and three shaft core segments (Weight ~15kg).  

 

http://energy.gov/sites/prod/files/2016/07/f33/Hydropower%20Vision_Ch-1_07-25-2016_0.pdf
file:///C:/Users/Owner/Documents/2016%20DOE%20HYDROPOWER/32.497231°N%20106.922733°W
file:///C:/Users/Owner/Documents/2016%20DOE%20HYDROPOWER/32.868713°N%20107.304154°W
http://energy.gov/sites/prod/files/2016/07/f33/Hydropower%20Vision_Ch-1_07-25-2016_0.pdf
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Fig. 2a. Completed prints of interlocking hub segment and an 

involute blade 

Fig. 2b. Six-blade impeller 

assembly with shaft (inset) 

 

With appropriate modifications, the interlocking pieces also show the possibility for embedded 

spring-actuated blades to vary the pitch during high flow rates and provide the necessary shaft torque 

to supply increased load. This possibility for advancement will be explored in future work that will 

bring about a level of sustainability to the proposed technology.  

 

Our overall aim in the weir hydropower development project is to reduce the installed capital cost of 

power generation to $1.50/Watt, with $0.70/Watt for power generating equipment, $0.70/Watt for 

manufacturing and $0.10/Watt for deployment, thereby substantially lowering the Levelized Cost Of 

Engineering below $0.086/kWh, the current target of the DOE Water Power Program1.  

 

2. Technology Concept: Fig. 3 illustrates the fundamental concept of flow over a weir that enters 

the turbine cavity at atmospheric pressure. The constricted vertical turbine inflow duct increases the 

dynamic pressure and discharges the water at high velocity into the turbine. A fully submerged easy 

to manufacture involute-vane turbine then transforms potential energy of the water stream into 

rotational kinetic energy at a rate that is proportional to the water flow rate and the pressure drop 

across the turbine. The inflow and outflow duct geometry require optimization for increased 

efficiency. For example, an outflow diffuser can increase overall system efficiency.  

 

A drive system connects the turbine shaft to an alternator. For the involute-vane concept shown here, 

the drive transmission could be as simple as a belt-pulley/gear-chain drive. Both the transmission as 

well as the alternator are not exposed to water (which reduces corrosion) and is easily accessible by 

maintenance personnel. Alternatively, a drive coupling mechanism that translates rotation to linear 

motion and then to rotational movement could be employed. A pulley and belt drive, geared drive, or 

a linked rotary to rotary transmission system could be explored to evaluate, cost, durability and 

reliability of this primary energy transfer mechanism.  

 

Conceptually, the choice of transmission is a matter of economics and a conscientious decision that 

brings about an awareness of sustainability to any end user. Sustainability is an outcome of choice. 

 

                                                           
1 Prior work performed by Professor Ram Prasad and Professor Satish Ranade (Klipsch School of 

Electrical & Computer Engineering) has shown the possibility to achieve LCOE lower than $0.086/kWh 

via a non-intrusive technology. https://ece.nmsu.edu/research/hyper/  

https://ece.nmsu.edu/research/hyper/
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Fig. 3. Transforming a Concept into a Design for Deployment 

 

The two-tier energy conversion process, wherein hydraulic energy is first converted to mechanical 

energy, and then mechanical energy is transformed into electrical energy, require optimization. 

Conversion between hydraulic and mechanical energy requires optimization of the flow cavity such 

that the available potential energy is utilized efficiently to impart motion via a kinetic wheel and 

produce a rotating torque. The effective transmittance of turbine torque to the shaft of an alternator 

requires consideration of belt drives, gear drives, and linked drives that are either physically, 

magnetically, pneumatically, or hydraulically coupled. The coupling must operate for long-duration 

and require minimum maintenance. We speculate that efficiencies higher than 80% are attainable by 

minimizing losses caused by the linkage between wheel torque and alternator shaft torque. 

 

Limitations of current technology: The current state-of-the-art in hydropower plant development 

requires sophisticated and expensive machine tooling to fabricate corrosion resistant steel turbine 

components and requires modifications to the existing structure to allow their implementation. The 

resulting LCOE is naturally higher than the desired $0.086/kWh due to the high cost of turbine 

manufacturing, transportation, and on-site construction to modify the existing structure. The high cost 

implies a design limitation in current state-of-the-art, pointing to the need for a technology that has a 

modular design, is self-supporting, and is scalable such that these characteristics allow the harvester 

to be custom-fitted to the existing infrastructure, and assembled as a plug-&-play system.  

 

Modularity in design has many advantages. For instance, it is easy to manufacture using advanced 

3D printing, easy to assemble and deploy as a plug-&-play system, easy to repair, and easy to fabricate 

spare parts on demand. With 3D printed parts made from highly durable composite materials, the 

mechanical attributes of the harvester have the ability to withstand high stresses. All these 

characteristics play into making the harvester feasible for large-scale manufacturing and to lowering 

the Levelized Cost of Engineering (LCOE) to below the DOE target of $0.086/kWh.  As such, the 

technology has to be simple, cost-effective and yet sophisticated enough to offer high reliability and 

a high rate of return on investment. 

 

3. Key technical risks/issues: The challenges of debris prevention, tumbleweeds entering the inlet 

and the sustainability of the harvester to continue producing power during floods are issues that 

require approaches to make the harvester more robust and hence sharply increase their reliability. A 

hardened technology has the potential to withstand flash floods and continues to produce power. 

Laboratory testing the prototypes is the best approach to mitigate risks caused by unavailability of 

water resources at a physical weir structure when needed.  
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Currently, no technology exists that can harvest energy directly from weir-flow systems as described 

in this research. As such, no technical data is available for cost comparison and analysis. We are 

aware of a small hydro development in Farmington, New Mexico, where a weir flow system was 

modified to include weir-flow for fish migration and a drop similar to the Elephant Butte Irrigation 

District Drop 8 Station for power generation. The project, however, required extensive civil works to 

transform a former concrete weir that spanned the whole width of the stream. In this regard, the 

Hydro-Weir technology could have served well by eliminating the need to rebuild a new concrete 

structure and to enable power generation as illustrated conceptually in Fig. 3.  

 

4. Impact of NM WRRI  funding: The mini-grant provided by NM WRRI has been of immense 

value to conceive and develop an effective, low-cost solution to harvesting hydropower from weir-

flow systems. The impact of the technology is to lower the generation cost and minimize 

environmental impacts of hydropower development, and is, therefore, aligned well with Department 

of Energy EERE HydroNEXT vision and initiative. Modularity, rapid manufacturing capability, and 

the ability to deploy low-head hydropower harvesters at sites where existing structures enable the 

efficient implementation of small conventional hydropower plants are attributes that advance the 

state-of-the-art in hydropower technology. Results from tests soon to be performed will be published 

in IEEE and other water power journals. Funding this project has enabled minority student 

participation in research and development. The interdisciplinary nature of the research and 

development in hydropower has allowed a graduate student from electrical engineering to earn a 

Masterôs degree.  NM WRRI funding has resulted in a successful Senior Design Capstone project in 

the undergraduate program of the Klipsch School. The mini-grant has provided opportunities for 

minority students to engage in novel ideas for harvesting hydropower energy and to contribute to the 

visions and goals of the State of New Mexico and the nationôs Water Power Program. 

 

5. Conclusions: The ability to use 3D printing to fabricate functional prototypes of hydropower 

harvesters is innovative and revolutionary and is a significant outcome of the NM WRRI Student 

Research Grant. It demonstrates the possibilities for rapid manufacturing and deployment of 

hydropower harvesters and is a cornerstone for future hydropower development. Laboratory results 

will show the feasibility for harvesting the unused hydro potential at human-engineered weirs. The 

scale model prototype built to high tolerances will serve to develop a power envelope that allows 

scalability to full-scale prototypes in the future. Test results will provide better estimates of the 

harvesting capacity at weirs 10 feet and above, giving a measure of efficiency for harvesting low-

head energy. Prototype testing will validate the design specifications. Results from the Hydro-Weir 

Project will clearly demonstrate the benefits of modularity and its effect on plant scalability and ease 

of unit deployment. These are significant findings, which add to the growing literature in low-head 

hydropower development. By the modularity and self-supporting ability, results will also show the 

feasibility of harvesting energy from natural weirs across rivers, streams, and canals where no 

infrastructure may exist. With new ways to harness energy from water resources, both New Mexico 

weirs, namely, the Percha Dam and the Leasburg Diversion Dam, show promise towards their 

transformation into small energy farms and contribute to the Stateôs overall economic development.  

 

6. Follow-on work and anticipated outcome: Work performed under the NM WRRI mini-grant 

aimed to show a preliminary design as a starting point towards further design studies. We believe the 

preliminary design developed in this project establishes appropriate boundary constraints that channel 

the weir-flow and provide a basis to optimize the design towards a functional prototype. Follow-on 

work will employ computational fluid dynamic (CFD) simulations to create non-turbulent flow 

https://www.youtube.com/watch?v=72wNV6dULY8
https://www.youtube.com/watch?v=72wNV6dULY8
http://energy.gov/eere/water/hydropower-research-development
http://energy.gov/eere/water/hydropower-research-development


8 
 

through the turbine, minimize losses and consequently yield high efficiency of energy conversion. 

Fig. 4a through 4d conceptually illustrates the expected transformation of rectangular cross-section 

assumed in the preliminary design into circular cross-section turbine as a result of CFD simulations 

and the resulting fluid motion establishing laminar flow. Optimization of the involute-blade impeller 

along with an effective transmission mechanism will improve the overall water-to-wire efficiency.  

 

Methods to prevent trash and debris from entering the turbine sharply improve the operating 

reliability. Advanced manufacturing using composite materials such as Kevlar® and Fiberglass 

provide strength and durability to withstand the harsh environment of irrigation canals, rivers and 

streams, allowing the harvester to continue operating during floods. These improvements and the 

necessary hardening required to develop a robust turbine design make the technology feasible for 

implementation in real-world applications and pave the way for the revolutionary transformation of 

non-powered dams into efficient power generating plants. With improvements in the design that make 

the harvester independent of existing structures, the technology offers the potential for exploring new 

stream reach development and to expand hydropower generation and utilization across the United 

States. 

                                           

Fig.4a. Preliminary design showing rectangular 

cross section and constraint on weir flow 

Fig.4b. Expected optimized turbine design 

following CFD simulations 

 

 

                                

Fig.4c. Turbine with Extended Inlet Fig.4d. Optimized turbine with extended inlet  

http://energy.gov/eere/water/articles/hydropower-request-information-challenges-and-opportunities-sustainable
http://energy.gov/eere/water/articles/hydropower-request-information-challenges-and-opportunities-sustainable
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7. NM WRRI funding and Expenditures 

Total funding   $5,990.40  

Round-trip to Taos, NM, 60th Annual NM 

Water Conference on October 7, 2015 

(Joseph Hernandez, Undergraduate Student) 

$501.73 

Equipment purchased: LulzBot TAZ 3D Printer  $2,375.00 

Materials and supplies: PLA filament and 

manufacturing supplies 

$3,113.67 

 

Price quoted by UTEP Keck Center for Advanced Manufacturing (See Exhibit below) clearly show 

the exorbitant cost of manufacturing the prototype. 
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8. Fabrication Notes 

 

Prototype materials and time audit: The SolidWorksÊ screen shot identifies each cuboid by its 

interlocking mate as male/female. Spreadsheet below lists the completion time, material used and the 

weight of each printed cuboid. The total time for printing the turbine shell is approx. 260 Hours. The 

total weight is approximately 5.36 kg without the impeller. 

 

Weight of impeller approx. 15kg. 

Weight of turbine shell approx. 5.36kg 

Total weight 20.36kg. 

Impeller printing time, approx. 200 Hrs.  

Turbine printing time, approx. 260 Hrs. 

Total print time, 460 Hrs. 
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Preliminary (Raw) cost estimate of fabricating prototype  

Total weight of PLA filament used 20.36kg (15kg impeller +5.36kg turbine shell). 

Cost of PLA filament $50 per kg. 

Material Cost of 3D printed prototype ($50/kg) (20.36kg) ~ $1000.00  

Some lessons learned 

In the above cost estimate note that the impeller weight is three times the turbine shell weight. Lessons 

learned during the fabrication process show the overall weight of the impeller can be substantially 

reduced by adopting a better and more robust internal print structure that will result in less material 

and hence lower the cost. It is reasonable to assume we could reduce the impeller weight by more 

than two-thirds its current weight such that the overall weight of material used for impeller fabrication 

is 10kg, thereby cutting the cost in half. Turbine optimization will have a major impact on the 

manufacturing costs as well. 

 

The 3D printer software provides an estimate of the overall time and material required, prior to the 

starting the print sequence. It is important, therefore, to study the print drawing carefully to minimize 

the possibilities for a failed print that requires excessive build structure. For example, if the print 

involves an overhanging segment, a support structure is printed along with the overhang. The extra 

work can increase the print time significantly. 

 

Print times vary depending on the part complexity. Therefore, make the part less complex without 

compromising the strength and performance attributes! The impeller could be fabricated in less time 

by modifying the interlocking male/female joints and making the core less dense. 

 

Trial print a cross-section before adopting it! This will minimize weight and time to print. 

 

Other observations pertaining to research and manufacturing 

We have shown the feasibility to 3D print scale model prototypes for laboratory testing. Having more 

than one 3D printer will reduce the fabrication time considerably. For university research, having two 

3D printers is certainly useful to speed-up development.  

 

We have developed a manufacturing strategy wherein the goal is to manufacture hydropower 

harvesters on demand. With prior knowledge that each application would most likely have a special 

need for the harvester deployment, the manufacturing 

strategy must include the possibility for customizing the 

harvester in such a manner as to fit the customer 

requirements. With advanced additive manufacturing 

techniques, we believe the manufacturing on demand is 

feasible.  

  

With a scalable optimized turbine, the prospects for 

customizing the inlet to suit any weir-flow system makes 

the hydropower harvester attractive as a plug & play system. 

Effective design of a self-supporting structure that is an 

integral part of the harvester will enable new stream reach development where no infrastucture exists. 
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APPENDIX:  Pictures show various stages of the 3D printed components of Hydro-Weir at the 

NMSU RioRoboLab, Klipsch School of Electrical & Computer Engineering. 

Some cuboid sections of the turbine shell and part assemblies  

 

 

Print failures are not uncommon. As such a few parts had to be reprinted. Some interesting 

examples of failed prints show the need to employ 3D printers with remote monitoring ability. 

   

  Oops! Moments of surprise after 10 Hours of unattended 3D Print! 

1. No clue what was in the memory of the 3D printer (In-space printing!!) 

2. Time for printer reboot and minor maintenance for clogged extruder nozzle 

3. Low base-plate temperature causing part to slide while printing 

https://www.makerbot.com/replicator/
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High precision 3D printed parts showing end bearing support (one on each side of the 

impeller shaft), and interlocking impeller components with shaft (other interlocking 

geometries are feasible to reduce amount of material, print time and weight) 

 

   

   
Turbine cuboid ñsnap-to-fitò assemblies showing self-standing ability. Impeller with shaft and 

end bearings (simple load bearing test) shows ability of 3D printed parts to support own their 

weight (Ruggedness and strength can be vastly increased by employing 3D printers that use 

Kevlar® and fiberglass filaments in place of PLA filament)  

https://markforged.com/order-a-mark-two/
https://markforged.com/order-a-mark-two/

