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Abstract
Technologies for extracting energy from water systems are examined by product type and manufacturer. Methodologies and application in different types of water systems are also examined in four categories: in-conduit hydropower, modular pumped storage, small hydropower, and energy generation from wastewater systems. Findings show that these technologies: 1) are adaptable and customizable, making cost highly variable; 2) can easily interface with existing infrastructure and software systems; and 3) are almost exclusively emerging, with only a few in the developing stage. Additionally, four water system managers are interviewed to better understand how these technologies are being assessed and implemented in urban settings: Boulder, CO; Dubuque, IA; Milwaukee, WI; and San Diego, CA. This examination creates the following insights: 1) energy systems take from water systems, with most of the extraction dynamics coming from the water system side; 2) water, wastewater, gas, and electric utility structures are place-specific, and impact the rate of return on technology investments; 3) permitting processes at all government levels need improvement; 4) metropolitan water system managers are motivated to innovate by more than just energy conservation; and 5) energy and water systems are not being examined together in planning processes. Further exploration should consider the following: 1) understanding the national scale of energy extraction opportunities will be challenging, if the resource assessment is tactical and takes into account economic, social, political, and environmental constraints; 2) metrics to identify energy extraction success need to consider local motivations and goals; and 3) case studies are needed to better understand net benefits.

Purpose and Process
Energy Extraction from Water Systems: Technologies and Methodologies is a January 2016 white paper created for the U.S. Department of Energy (DOE) by Oak Ridge National Laboratory (ORNL). Brennan Smith (ORNL) and Susanna Sutherland (Sutherland & Associates) are the Principal Investigators, designing the research to answer six initial guiding questions. Research activities include: a literature review, creation of a framework to catalogue existing energy extraction technologies, interviews with water system managers in four cities, and this report.
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Introduction to Energy Extraction Opportunities in Water Systems

Supporting Energy and Water System Concepts. Water systems require significant energy to function, but can also serve as energy generators. In exploring the methods and technologies used to extract energy from water systems, there are two primary supporting concepts to keep in mind:  

1. Energy and water systems are coupled over temporal and spatial scales.  Engineered energy and water systems are alike in that supply has to meet immediate demand - to the minute and second. Both systems are dynamic, and must be responsive to local and regional parameters to function well over decades. If not, there can be damaging outcomes to infrastructure - as well as negative social, ecological, and economic consequences. 

2. Energy and water systems interaction is scaled and complex.  Regional energy and water structures have broad governance and network topologies. Regional dynamics (such as dry conditions) impact resource availability and jurisdictional structures, and are influenced by the urban areas they contain. While these urban areas are a concentrated representation of their regional surroundings, they do not confine water and energy sources and infrastructure - limiting their control. 

Definitions and Characteristics of Energy and Water Systems. Water and energy systems can have many definitions.  For this research, water and energy systems are defined as:

· Water System. The U.S. Environmental Protection Agency (EPA) defines a water system as: “A system that provides water for human consumption through pipes or other constructed conveyances to at least 15 service connections or serves an average of at least 25 people for at least 60 days a year.  A public water system may be publicly or privately owned” (EPA, 2015).

· Energy System. The U.S. Department of Energy (DOE) describes the energy system in the U.S. through the grid: “The grid is a complex network of power plants and transformers connected by more than 450,000 miles of high-voltage transmission lines. The basic process: Electric power is generated at power plants and then moved by transmission lines to substations. A local distribution system of smaller, lower-voltage transmission lines moves power from substations to the customer.  America’s electric grid is actually comprised of three smaller grids, called interconnections, that move electricity around the country. The Eastern Interconnection operates in states east of the Rocky Mountains, The Western Interconnection covers the Pacific Ocean to the Rocky Mountain states, and the smallest (Texas Interconnected system) covers most of Texas” (DOE, 2014). 

Water and energy system attributes are defined in the following Table 1 by system / subsystem example and by system characteristics:



Table 1. Water and Energy System Characteristics
	Type
	System / Subsystem Examples
	System Characteristics

	Water
	· Potable water treatment, storage, and delivery
· Wastewater collection, storage, treatment, and disposition
· Storm water collection, storage, treatment, and disposition
· Fire protection systems
· Cooling and industrial process water
· Flood protection and damage reduction 
· Inter-basin transfer systems
· Natural and evolved aquatic ecosystems
· Ports and navigable waterways
	· Quality (temperature, pollutants, additives)
· Availability (capacity, production, allocation, losses)
· Demand
· Pressure (differential and absolute)
· Multi-scale dynamics
· Network topology
· Revenue / value / marketing systems
· Installed condition monitoring and measurement (sensor) system

	Energy
	· Interregional, interurban energy transmission
· Utility scale energy production, transmission, and storage
· Industrial / commercial facility energy production, distribution, and storage
· Neighborhood and residential energy production, distribution, and storage
· Fuel distribution, storage, and marketing
	· Quality (power factor, power quality)
· Quantity (capacity, production)
· Demand
· Potential (voltage)
· Network topology
· Multi-scale dynamics
· Revenue / value / marketing systems
· Installed condition monitoring and measurement (sensor) systems



Energy Extraction Technologies. Energy extraction from water systems can range from small-scale (in-home generators used to offset residential energy use), to large-scale (energy generated from industrial and municipal water plant operations). Technologies designed to extract energy from water systems are examined in Table 2. Primary observations note that technologies: 1) are adaptable and customizable, making cost highly variable; 2) can easily interface with existing infrastructure and software systems; and 3) are almost exclusively emerging, with only a few in the developing stage.

1. Adaptable and Customizable. Professional engineers design energy extraction applications to the specifications and goals of individual water systems, and oversee installation. This ensures that the water system specifics (flow and head, for example) are measured so optimum efficiency and performance of the technology is reached. Technology manufacturers do not have a standardized method for gathering a potential client’s water system information (elevations, pressures, and flow rates, for example). They rely on inquiry forms to determine the details and feasibility of a potential project.  This means cost varies widely by technology type, design, scale, and location. Public Private Partnerships (PPPs), loans, and bond structures are detailed in some case studies, and can give insight into specific project budgets.  

2. Easily Interfacing. Some technologies can be managed and monitored by modifying existing water system software. Others have separate software packages that synchronize with existing programs. Both approaches ensure ease of installation and use. While energy-generating technologies are primarily promoted as a way to offset operational energy costs, selling energy to an electric utility is also an option. This is typically done through Power Purchase Agreements (PPAs): the electrical utility provides the meter and grid connectively, and pays the water system operator a set rate. 

3. Emerging. Most of the technologies are newly deployed; little information is available on challenges or lessons learned. Installation doesn’t require significant collaboration between energy and water system managers, who seem to be able to implement these technologies if existing budgets or finance structures allow. However, electric utility regulations and rates impact the technology’s Return on Investment (ROI) if the decision is made - or if the water plant is required - to sell power to the electric utility. 

Table 2. Water and Energy System Characteristics
	System Type
	System Sub-categories
	Examined Technologies

	Water
	In-Conduit Systems
	FlowGen: Commercial; Fuji Electric Co.: Micro Tubular Turbine; HydroSpin: Hydro Generator; Lucid Energy: LucidPipe Power System; NLine Energy: Water to Energy Recovery System (WATERS); Rentricity: In-Pipe Hydro; SOAR Technologies:  In-Line Turbine

	
	Small Hydro Products
	Bulb Turbine; Cross Flow Turbine; Francis Turbine; Kaplan Turbine; Kinetic Turbines, Pelton Turbine;

	
	Small Hydro Producers
	ABS Alaskan; Andritz; Canyon Hydro; Dependable Turbines Ltd.; Natel Energy; Siemens; Voth

	
	Lessons (Failed Tech)
	Hydrovolts: C-12 Canal Turbine; WF-10-15 Waterfall Turbine 

	Wastewater 
	Waste to Energy
	Power+ Generators

	Energy
	Hydro-Tech typically used by Electric Utilities
	Gravity Power Module, Gravity Power, LLC (In-ground Pumped Storage Hydro); Hydro Green Energy Plug-and-Play Modular System (Low-Head Hydroelectric Power)

	Decision-Making
	Software of Note
	RETScreen Pre-Feasibility Software (Free, Canadian)



Primary Energy Extraction Methods
Based on the technologies explored in Table 2, four water system energy extraction methods are examined: 1) in-conduit hydropower; 2) modular pumped storage; 3) small hydropower; and 4) energy generation from wastewater systems. 

In-conduit Hydropower Generation. The Hydropower Regulatory Efficiency Act of 2013 (HREA 201332) defines conduits as, "any tunnel, canal, pipeline, aqueduct, flume, ditch, or similar man-made water conveyance that is operated for the distribution of water for agricultural, municipal, or industrial consumption and not primarily for the generation of electricity" ("Hydropower Regulatory Efficiency Act of 2013," 2013). These conduits have consistent flow and can have excess pressure from either gravity fed or pumped sources that require Pressure Reduction Valves (PRVs) for operation. Small generators can be installed directly inside pipes during regular system updates and maintenance activities, to capture energy. 

Rentricity, manufacturer of two kinds of pressure-powered in-pipe hydro energy recovery systems, notes: “These systems generally include a micro-turbine, generator, sensors, processors, electronic controls, and communications equipment that operate seamlessly and autonomously within the water utility infrastructure” (Vella, 2013). In-conduit technology can generate electricity to meet various levels of need. It does not require constant flow. If the pressure or flow drops too low, the system does not generate. Normal fluctuations or disruptions in the water systems should not affect technology function. Products use software that can work in tandem with existing control systems, or that can seamlessly be managed by the utility’s existing control software.In-conduit systems include different varieties of micro-turbines and generators that are placed inside the pipes. As the water flows, the turbines spin the generator to create energy.  Some systems use just the gravity fed or pumped flow within the pipes (LucidPipe); others use the pressure in the system to generate power (Rentricity).



In-conduit technology can be applied at any scale (rural to metropolitan), in any sector (public or private), and to support any use (agricultural to wastewater treatment). LucidEnergy, a company whose product uses flow to generate energy (Daniels, 2015), states that their product can be used in off-grid locations, and is ideal for agricultural districts converting earthen canals to pipe or closed conduits for moving irrigation water (LucidEnergy, 2015). A failed company, Hydrovolts, created a turbine designed for deployment in irrigation canals. The pilot site was the U.S. Bureau of Reclamation’s Roza Canal, near Yakima, WA. Although the technology operated successfully, the company did not raise the capital needed to continue their work (Hydrovolts, 2012). 

Generated electricity can be used on site or fed into the electrical grid – which can involve a PPA with the local electric utility. The City of Portland, OR has a 20-year PPA with Portland General Electric, who buys power generated from the city’s LucidEnergy in-conduit generation system at a special renewable energy rate (Siemens, 2015). Because this type of technology is so new, the Portland project is one of the first to discuss, with the manufacturer, how these products are working in the field: in this case reporting that it is reliable, meeting energy production goals, and requiring little maintenance (Sreenivasan, 2015).

In urban settings, the minimal disruption of these technologies to the water system is especially appealing: they do not require infrastructure footprints to change, monitoring can become a seamless part of normal operations, and water delivery is not restricted. Interviewed water managers expressed a high interest in this method of energy generation, but many are adopting a “wait and see” approach, reflecting the risk-adverse decision-making environments they operate in. One notes that their trial in-conduit installation at a wastewater treatment plant regularly malfunctions, which is impacting perceptions of the technology and influencing decisions to continue using it or not. The ROI (energy consumption offsets or sales less the costs for design, installation, and maintenance - by system size) needs to be more broadly understood, so water system managers can easily assess if this is a technology they want to pursue.

Modular Pumped Storage for Hydropower Generation: Modular pumped storage is a technology that is still in pilot phase. Using existing techniques for drilling mineshafts, a vertical shaft for the module housing is created.  The modular pumped storage unit consists of: 1) an underground water circuit created by a sealed, water-filled vertical shaft, and 2) a water return pipe, fitted with a combined pump-turbine and motor-generator. The piston is pushed up with excess energy generated during periods of low electricity demand, and released to generate electricity during peak demands. Modular pumped storage is designed to complement power production facilities, and can be used to store other forms of renewable energy, such as wind and solar.
Gravity Power is a company developing a modular pumped hydro storage system, to be used in concert with peaking power plants. The GPM (Gravity Power Module) uses a very large piston suspended in a deep, water-filled shaft, with sliding seals (to prevent leakage around the piston) and a return pipe connecting to a pump-turbine at ground level. The shaft is filled with water once, at the start of operations, but is then sealed. No additional water is required. GPMs utilize Francis-type pump-turbines, capable of providing high efficiency at high head - in pump and turbine modes. 


This system of pumped storage is unique: it has a relatively small footprint and can be used in space-constrained settings. For example, one pilot project for this system has a diameter of 30 meters and an underground depth of 500 meters (Peltier, 2013). In comparison, the Tennessee Valley Authority’s traditional pumped storage reservoir at the top of Raccoon Mountain covers 528 acres, and is impounded by a 230 feet high, 8,500 feet long dam; the facility itself contains four generators. In 1970, this took eight years to build. In light of today’s regulatory, permitting, and built environments, the concept of modular pumped storage is incredibly attractive. 

However, a 2015 ORNL feasibility study of modular pumped storage in the U.S. reveals significant economic barriers (Witt, 2015). If cost barriers can be overcome, modular pumped storage could be an ideal application in a metropolitan context, where space for new infrastructure is difficult to acquire. In theory, modular pumped storage reliably functions on a need basis, but functioning applications are needed to support preliminary operational claims.

Small Hydropower Generation: A 2012 ORNL report identifies over 80,000 non-powered dams in the U.S (Hadjerioua, 2012). Many of these could potentially be retrofitted with low or no head generators (Ferris, 2012). Small hydropower generation can be added to existing non-powered dams or water drops with high flows and a head of less than 30 feet. It can be scheduled to generate when energy demands are highest.Small hydropower systems use downsized versions of traditional turbines and generators used in large-scale hydroelectric facilities. Example: Francis and Kaplan style turbines



Space requirements are significantly less than that of standard hydroelectric facilities, but vary by location. Installations typically have a generator in the water current and a small building on shore to house power transmission equipment. These can be customized to the specifics of existing impoundments. For example, the Hydro Green Energy products are modular, and they advertise simple installation requirements, interfacing monitoring software, direct grid connection, and a minimum need for on-site design. Voith is another company that creates small hydro solutions for different types of applications, serving industrial facilities and communities alike. 

Dubuque, IA is exploring the feasibility of installing a micro-hydro power plant on the existing Lock and Dam No. 11 of the Mississippi River. This small plant would power 10,000 - 11,000 homes per year (Barton, 2015). However, unlike in-pipe conduits or modular pumped storage, this technology is visible to the public eye and can be politically, socially, and ecologically controversial. Environmental feasibility is dependent on location specifics. Permitting may be onerous, depending on facility ownership and use.

More so than the other technologies, small hydropower systems are directly impacted by periods of drought and flood. Reliability is dependent on the flow of water through a natural system, unlike the generating technologies deployed in controlled water systems. However, having these facilities that store both water and energy can greatly increase a community’s resilience, adding to their portfolio of water and energy source options in times of chronic or acute stress. 

Energy Generation from Wastewater Systems. While wastewater treatment facilities can and do utilize in-conduit generating technologies, these facilities more often capture energy created directly from waste. Auxiliary systems designed to capture energy that is otherwise lost from methane flaring can be brought online as needed to generate electricity. Organic Rankine Cycle (ORC) induction generators capture this energy, and created heat is used to power generators connected to either a local microgrid or electrical utility grid (ElectraTherm, 2015).

This technology is deployed in agricultural, industrial, and community settings. Originally designed for oil and gas extraction facilities that require methane flaring, it has since been adopted by wastewater treatment plants, and is sometimes used in tandem with landfill methane capture systems (see Appendix: City System Profiles). ElectraTherm’s Power+ Generator is an example of a company that is adapting to multi-sector use. This application is ideal for a metropolitan scale wastewater treatment facility, due to the volume of water processed each day. Many cities, including Chattanooga, TN, are currently exploring this method as an energy generating option (Johnson, 2015).Electratherm manufactures a twin-screw expander in a small-scale ORC generator. Controls are remote and automated. The largest Power+ generator system offered by this company has a footprint of 12 x 2.4 x 2.9 m. 



Wastewater systems can be mined for more than methane capture. Beyond creating electricity from methane to use or sell, many create marketable resources like fertilizers and biogas from otherwise landfilled materials. Economic viability is dependent on the market rate of the energy product produced, so some facilities create a line of products that can be used to meet fluctuating market demands. Dubuque’s Water and Resource Recovery Center is an example of a facility that addresses multiple markets with their waste products. Also, some larger metropolitan wastewater facilities are experimenting with adding waste to their water to make existing processes even more profitable. For example, Chicago, IL is piloting the addition of brewery waste to increase their wastewater system’s methane production (Johnson, 2015). 

Key Findings
To advance the use of energy extraction methods and technologies in water systems, it is important to understand what will speed or inhibit widespread adoption. Examination of the emerging and developing technology, coupled with interviews of four urban water system managers, have created the following insights: 1) energy systems take from water systems, with most of the extraction dynamics coming from the water system side; 2) water, wastewater, gas, and electric utility structures are place-specific, and impact the rate of return on technology investments; 3) permitting processes at all government levels need improvement; 4) metropolitan water system managers are motivated to innovate by more than just energy conservation; and 5) energy and water systems are not being examined together in planning processes.

Energy systems take from water systems. Most of the dynamics are on the water system side. Water and wastewater system managers are the primary implementers of in-conduit energy generation, and of waste recovery for power generation. The energy system is the primary implementer of small hydro low / no head power systems, and the target market for modular pumped hydro storage systems. Although these two technologies clearly utilize water systems, electrical providers typically manage them for electrical generation (Boulder, CO, is an exception: their hydropower system is managed by a municipal water utility). Interaction between energy and water systems is difficult in any sector. At the most basic level, this is because a for-profit economic model typically drives energy systems, and water systems are regulated to support basic life functions: human activities and operations. Due to governance structures, water systems are not often revenue generators: they are expensive to operate and maintain, and water is sold for less than it costs to treat and deliver it to the end user. Both are strong economic drivers, but their goals are fundamentally different. 

Water, wastewater, gas, and electric utility structures are place-specific, and impact ROIs. There are seemingly endless ways to structure water, wastewater, gas, and electric utilities. Regional, state, county, and city boundaries do not necessarily define utility boundaries, and there can be multiple public and private utilities within one “territory”. This makes utility decision-making and institutional structures complicated and unique to each metropolitan area. Also, local electric utility rate structures and requirements directly impact the ROI of energy extracting technologies. For example, one interviewed wastewater treatment plant operator prefers to use generated energy to offset his own system’s energy consumption entirely, thus reducing operating costs. However, in this case, the electrical utility has a rate structure that does not allow facilities to completely self-power. This situation is not unique: many local electric utilities only allow a certain amount of the generated energy to be used behind the meter. Further, the low rates electric utilities use to purchase the power from the water or wastewater utility at times cannot generate a positive ROI for the water utility. 

Permitting processes at all government levels need improvement. In recent years, the Federal Energy Regulatory Commission (FERC) has attempted to ease licensing requirements ("Hydropower Regulatory Efficiency Act of 2013," 2013). The FERC Hydropower Regulatory Efficiency Act of 2013 defines small hydroelectric projects as capacity not exceeding 10,000 kilowatts (kW), exempts some conduit hydropower facilities from the Federal Power Act licensing requirements, extends permits from three to five years, and authorizes investigation of a two-year licensing process for hydropower development at non-powered dams and closed-loop pump storage projects. While these efforts are promising, permitting at the state and local level also poses significant challenges. Obtaining all these levels of government permissions can significantly extend implementation timelines, stress project budgets, and make the prospect of some of the larger energy extraction methods (powering non-powered dams, for example) daunting at best – having poor returns at worst. 

Metropolitan water systems are motivated by more than just energy conservation. Four urban areas are examined and some of their managers are interviewed, to understand the driving motives and influencers associated with their water system energy extraction innovations: Boulder, CO; Dubuque, IA; Milwaukee, WI; and San Diego, CA (full profiles, Appendix 1). Understandably, motivations vary by geography and resource availability. Governance of water allocations and use, and the willingness (or not) of electric utilities to pay more than a bare minimum for externally generated renewable energy are also significant factors in what a water utility can accomplish with energy extraction efforts. These are issues that will not change quickly, if at all, but they should be acknowledged in any national strategy that attempts to grow energy extraction from water systems as a local best practice. 

Energy and water systems are not being examined together in planning processes. There is no evidence that water and energy system managers are beginning to integrate their modeling efforts. This is especially true in urban settings, where energy and water systems widely remain siloed in both planning and operations. Managers may communicate between systems on an as-needed basis, but examples of more holistic or systematic integration efforts are not found. Budgets and decision-making structures remain separate. The Supervisory Control and Data Acquisition System (SCADA) is an industrial control system widely used to monitor both water and energy systems. However, interviews of cities leading in water system energy extraction efforts reveal no significant integration of water, wastewater, and electric system data into any type of comprehensive tool that allows real-time monitoring or scenario testing. This indicates that short-term feasibility studies and long-term planning efforts are still system-specific, and not examining both systems together. RetScreen Pre-Feasibility Software is a tool, offered for free (35 languages) by the Canadian government, for energy project feasibility assessments. It can be used for hydro projects of any size, to predict energy production, emission reductions, financial viability, and risk.




Conclusions
When compared to small hydropower generation or the emerging concept of modular pumped storage, in-conduit technologies and established wastewater system waste-to-energy methods appear to pose the fewest implementation barriers. However, small hydropower generation and the continuing evolution of modular pumped storage technologies should not be overlooked in favor of more immediate solutions, as they both have the potential to bring significant reliability and resilience benefits to water and energy systems alike. Further exploration will need to consider the following: 1) understanding the national scale of energy extraction opportunities will be challenging, if the resource assessment is tactical and takes into account economic, social, political, and environmental constraints; 2) metrics to identify energy extraction success need to consider local motivations and goals; and 3) case studies are needed to better understand net benefits.

Understanding the national scale of energy extraction opportunities will be challenging. If a resource assessment to determine annual gigawatt (GW) potential from all U.S. water systems is undertaken, it needs to assess practical resource potential. Based on average water system sizes (size can be measured by demand, in millions of gallons per day), it will need to assess GW availability in light of individual water and electrical system patterns (water and energy demand over a year, for instance) and constraints (economic, social, environmental, regulatory, and governance structures / jurisdictions, for example). Some data is available for potential energy estimates at small hydro sites (Hadjerioua, 2012), but it is not comprehensive. There is no clear data on potential energy from in-conduit and wastewater energy methane capture technologies. Further research can: 1) provide a clearer picture of the economic viability of these technologies, and 2) be used to make the case for deeper exploration and development of the technologies, to test incentives for adoption, and to more fully understand the challenges faced by manufacturers and customers alike – with the goal of reducing barriers. 

Metrics to identify energy extraction success need to consider local goals.  Potential metrics that identify the scale at which energy extraction from water systems is successful (from a national perspective) might include: how much the water systems contribute to leveling peak energy demands, or how many GW of energy generation from fossil fuel is avoided. From a local perspective through, metrics of success are very much tailored to specific community challenges that energy extraction can solve (avoided carbon emissions that help meet stated emissions reduction targets, PPPs / economic development generated, increased community engagement, etc.). Communities are using a portfolio approach with water system innovations: energy extraction is just one option to employ to cut costs and carbon emissions, and is viewed much more broadly than just what the pipes or pumps can generate. To communities, energy extraction from water systems includes things like making sure new water infrastructure can support future solar installations, and how to work desalinization and potable water reuse into the water supply equation. It’s about resource recovery, using all sources of renewable energy when the context makes economic sense, and water and energy independence. 

Case studies are needed to better understand the net benefits. To understand the benefits gained after the upfront and operational costs have been met, more clarity is needed regarding the cost components of the technologies themselves, and the revenue streams gained by their use. Functional and unbiased analysis of energy extraction technologies, including the costs of installation by average system size, has not yet been done. Because these types of technologies are very customizable, a catalog of case studies could be useful in spurring the widespread adoption of energy extraction technologies in water systems managed by all sectors. Mining data from real-world situations - such as individual investments and ROIs, effects on the existing infrastructure, performance, maintenance, siting and permitting processes, the structures of PPAs, and lessons learned - will be critical to spurring adoption. This kind of data will allow water system managers to assess their options and choose a best fit: an energy extraction technology that works with their existing portfolio of innovations, meets their needs, and contributes to their overall metrics of success.
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Appendix: City System Profiles

Boulder, CO: Population 103,166; EPA Region 8
	Current Water System Priorities and Drivers
	· Maintenance of facilities and operations to benefit the city and protect ratepayers weighs heavily in decision-making. Boulder has a complex water system; some infrastructure is over 100 years old, and the biggest challenge is rehabilitating this aging system. Rebuilding infrastructure in a strategic and reasonable way that doesn’t negatively impact utility ratepayers is a process that is constantly being reassessed.  
· Boulder has an upgrade plan that is dynamic and flexible enough to take advantage of innovation opportunities as they arise. A federal funding opportunity with the Department of Energy to replace the 100-year-old Canyon hydro facility equipment was taken, and a project that was scheduled 20 years out was completed ahead of schedule. 
· Because water is such a precious resource in the west, water rights are a huge driver of priorities. Boulder has a full time staff member that attributes water used by the city to a specific water right; this process directly affects how water is used in the city.
· The city’s Climate Commitment plan (awaiting city council approval at the time of this report) will rapidly transition to an energy system and economy that is powered 80 % or more by renewable clean energy, with 50 % or more of that energy being locally produced. This is a key driver to support the current hydroelectric projects, and to continue exploration of the feasibility of new sites and technologies.

	Water System Governance and Characteristics
	· The City of Boulder has a municipally owned water utility that serves over 100,000 people. It also owns and operates 8 hydroelectric power plants installed on existing water supply pipelines, with one purchased and 7 constructed facilities. Currently, the city has PPAs for a 30-year term with the local electric utility (Excel Energy), to sell the power they generate.
· Excel Energy and its subsidiary (Public Service Company), are presently providing electric power to the City of Boulder, but the City of Boulder is in the process of forming their own electric utility.
· The Boulder water utility hydroelectric generation system is structured as an Enterprise Fund – and there are restrictions to what the city can do with revenues and facilities. This limits (and will continue to limit) integration between the water and electric utilities, even when both are owned by the city.

	Energy Extraction Innovations
	· Boulder’s 8 hydro plants use traditional technology: 4 have Francis turbines, and 4 are Pelton turbines. In 2013, the city's eight hydroelectric facilities generated more than 42 million kilowatt hours (kWh) of electricity.
· The City of Boulder owns and operates one wastewater cogeneration facility. Methane and other gas byproducts from the wastewater treatment process are used to fuel 2 engine generators that produce both electricity and heat. The combined heat and power system provides efficient heat for the facility's buildings and treatment processes, and electricity that helps offset operational costs and reduce greenhouse gas emissions. The average electricity production by the cogeneration plant is approximately 2.1 million kWh per year. 
· In 2010, Boulder installed solar panels at the Betasso Water Treatment Facility, to generate energy to be used on site, as well as sold to the local electrical utility. 

	Innovations Being Explored 
	· In-conduit Hydropower: Currently, Boulder doesn’t have any in-line energy generating technologies, but it is monitoring the development of that field – there may be times and places in the future where they consider using it. There are places in the system with the potential for high generation capacity using these technologies.



Dubuque, IA: Population 58,253; EPA Region 7
	Current Water System Priorities and Drivers
	· Dubuque is a mid-sized city with low density. Collaboration across sectors has created public private partnerships (PPPs) that drive innovation in Dubuque.
· Dubuque is working to break down silos in the energy and water systems to create and capitalize on the benefits of streamlined collaboration.
· Because of the close proximity to the Mississippi River, Dubuque has no shortage of water, but is keenly aware of water-related issues. This shapes the city’s priorities and decision-making processes to favor conservation and innovation. 

	Water System Governance and Characteristics
	· Dubuque has a traditional municipal power utility system. The electric utility (Alliant Energy) is an investor-owned franchise. The natural gas utility (Black Hills, out of South Dakota), is also investor-owned.
· The City of Dubuque Water Department owns and operates the drinking water supply, wastewater, and storm water utilities. There is a new county watershed authority that provides watershed oversight.
· Dubuque has had some integrated modeling discussions related to energy and water. SCADA systems control both the water and electric infrastructure, but are currently used separately. The water utility has recently installed smart meters in the system to collect better data. If integrated modeling is eventually adopted, electric and water systems could share information to reduce inefficiencies and plan long-term. 
· Dubuque’s Water & Resource Recovery Center (WRRC) is a water treatment facility where methane capture is used to produce energy from the biogas.

	Energy Extraction Innovations
	· The WRRC wastewater facility switched to anaerobic digestion, which enabled the facility to harness biogas for digester heating and electricity generation. The combined heat and power system uses Capstone micro-turbines in the electric generators. 
· High-strength waste has been introduced at the facility, to generate more methane for capture.
· An ENERGY STAR certified administration and laboratory building for the Dubuque Water Department includes an effluent heat recovery system for heating and cooling. The effluent, at 50 and 64 degrees F, feeds 17 water source heat pumps.

	Innovations Being Explored 
	· Biogas: Dubuque is currently exploring uses for biogas produced from wastewater, including the production of pipeline quality gas and vehicle fuel gas. They are also considering installing additional turbines.
· Heat Extraction: Dubuque is examining are “low heat” capture generators. They are researching Stirling cycle engines / generators (a closed-cycle regenerative heat engine with a gaseous working fluid, which operates by cyclic compression and expansion of air or gas by a temperature difference across the engine). There has also been some work done around extracting heat from the sewer system: the city is exploring the idea of lining pipes with a heat exchanger to extract some heat from the wastewater system.
· [bookmark: _GoBack]Small Hydropower: Dubuque is looking into low-head small hydropower turbine technology. The city has a cascading aerator for effluent being released in the river, which could be a good site to install a low head turbine.





Milwaukee, WI: Population 599,164; EPA Region 5
	Current Water System Priorities and Drivers
	· Industrial redevelopment in Milwaukee is a priority, and a driver of water system innovations. Their water infrastructure is central to the city’s job creation goals.
· Milwaukee has an interest in water innovations, and considers them good investments. The city works with universities, advocacy groups, foundations, and water networks to research and promote water related issues, and to explore new technologies.
· Water quality and protection awareness among Milwaukee citizens is high, due to the confluence of three rivers that flow through downtown, allowing for water recreation. 

	Water System Governance and Characteristics
	· The primary water source for the City of Milwaukee is Lake Michigan, and fresh water is abundant.
· Infrastructure upgrades are dependent on water sales and rate increases, meaning that water conservation has negative revenue implications.
· Water and energy providers operate separately.
· Milwaukee Metropolitan Sewer District provides wastewater treatment for 28 municipalities (including Milwaukee).
· The drinking water utility (Milwaukee Water Works), is a separate publicly-owned utility of the City of Milwaukee. It provides retail / wholesale services to some surrounding counties, in addition to the city. They provided water to over 860,000 people in 16 communities.
· The electric utility (We Energies) is a private, for-profit utility that provides services to parts of WI and MI.
· Milwaukee faces regulatory hurdles from the state of WI surrounding the transfer of power produced at one facility for use at another facility. Federal PURPA legislation allows for this transfer, but state laws prevent it. This makes power generation in the water system less cost effective and desirable than it has the potential to be.

	Energy Extraction Innovations
	· Heat recovery and energy generation from wastewater treatment facilities the most significant energy extraction methods used by Milwaukee Metropolitan Sewer District.  The Jones Island and South Shore Water Reclamation Facilities (WRF) generate electricity from wastewater digester gas (burned by engine generators) and recover heat to use in the building and to offset operations.
· Currently the South Shore WRF produces about 2 megawatts (MW) per day, which is half of what is required to run the facility.
· Solar panels have also been installed on water treatment facility roofs to generate energy.

	Innovations Being Explored 
	· All Available Technology: Milwaukee Metropolitan Sewer District did an energy plan that analyzes around 90 technologies. In-line hydroelectric generation was screened out in the first cut. The only hydroelectric component that is still being considered is one treatment plant with approximately 10’ of hydraulic head – which could be used to operate a turbine to make electric power.  
· Microbial Fuel Cells: Milwaukee Metropolitan Sewer District is exploring Microbial Fuel Cell (MFC) technology with the University of Wisconsin Veolia. The initial findings indicate that MFC can be viable under certain conditions, and further research is being done to determine potential applications.  





San Diego, CA: Population 1,356,000; EPA Region 9
	Current Water System Priorities and Drivers
	· San Diego is actively seeking water and energy independence: currently, 85 % of the city’s water supply is imported, with 15 % coming from local precipitation. 
· For San Diego, water transport bears significant energy costs, due to 1) the long over-land distances their imported water supply must travel, 2) the large size of the city itself, and 3) significant topographical variations. 
· Local water supplies (groundwater / surface water) are limited, and imported water supplies are increasingly at risk due to climate change and other stresses.  
· San Diego’s imported water supplies are allocated according to complex water rights. 
· These complex drivers create a highly dynamic situation that requires innovation, ingenuity, and creativity within a multi-layered system of retail and wholesale public water suppliers.

	Water System Governance and Characteristics
	· San Diego Public Utilities Department is a municipal utility that provides retail water and wastewater services to San Diego. The City of San Diego’s Public Utilities is a substantial producer of renewable energy from wastewater and other sources. This provides some energy independence, helps reduce operating costs, and ultimately helps keep rates lower for customers.
· The State of CA mandates carbon reduction and renewable energy use. The AB32 law mandates an 80 % carbon emissions reduction by 2050. The State of California recently mandated that half of its electricity be generated from renewable sources by 2030.
· The Metropolitan Water District of Southern California, the largest U.S. wholesale water distributor, imports water from the Feather River in Northern CA and the Colorado River. 
· Locally, the water and wastewater systems are separate from gas and electric, which is provided by San Diego Gas & Electric (SDG&E). 

	Energy Extraction Innovations
	· San Diego currently utilizes a number of renewable sources to generate energy, including: digester gas, landfill gas, bio methane, hydroelectric, solar, and fuel cells to power their operations. Some Public Utilities facilities produce enough energy to fully operate and still sell excess energy back to SDG&E to generate revenue. 

	Innovations Being Explored 
	· Community Choice Aggregation (CCA): The City of San Diego is exploring CCA as a means to reach renewable energy goals as part of the City’s Climate Action Plan. 
· Desalination: The San Diego County Water Authority recently completed a 50-million gal/day seawater desalination facility. This facility is locally controlled and meets 7 to 10 % of the region’s water demand - reducing San Diego’s vulnerability to drought conditions.  
· Potable Reuse: San Diego is moving forward with three phases of potable reuse projects that will eventually provide 1/3 of the water needed to meet future water demands.
· Pumped Storage: San Diego is considering developing a 500 MW pumped storage facility that would use surplus renewable energy by day to pump uphill for peak release. Negotiations with the electric utility (SDG&E) will influence the cost benefit analysis.
· Water Recycling Regulations for Potable Reuse: California has developed regulatory criteria for permitting indirect potable reuse (IPR) projects with groundwater recharge, but is still in the process of developing criteria for IPR projects with surface water augmentation (SWA). These regulations must be complete by the end of 2016, along with the feasibility of direct potable reuse (DPR). 
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