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Energy Generation and Recovery from 

Water Infrastructure: A Briefing Document 

Executive Summary 

This document synthesizes key methods for generating and recovering energy from water 

infrastructure, highlighting the principles, advantages, challenges, and performance metrics of 

several key technologies. The analysis reveals that existing water systems offer significant, often 

untapped, potential for sustainable energy production. 

Anaerobic Digestion (AD) emerges as a highly developed and potent technology, especially 

when utilizing food waste as a feedstock. Food waste demonstrates superior performance over 

traditional municipal wastewater solids, offering higher methane yields, greater energy 

production per ton (up to 1,300 kWh/dry ton), and significant environmental co-benefits such as 

reduced landfilling and faster gas generation. While Microbial Fuel Cells (MFCs) offer a dual 

purpose of treating contaminants and producing electricity, their currently low power output and 

high material costs position them more as a power-saving treatment alternative than a viable, 

large-scale energy source. 

Furthermore, leveraging existing large-scale water infrastructure presents immense opportunities. 

Floating solar photovoltaic systems on existing hydropower reservoirs have a vast global 

potential estimated at 10,600 TWh per year. Concurrently, low-head, no-head, and hydrokinetic 

hydropower technologies can be deployed in smaller, decentralized applications like canals, 

outfalls, and pipelines, capturing energy from previously untapped water flows. 

--------------------------------------------------------------------------------  

1. Anaerobic Digestion for Energy Recovery 

Anaerobic Digestion (AD) is an established biological process, traditionally used for waste 

sludge treatment, that is now being extensively harvested as a power source due to technological 

improvements and growing interest in renewable energy. 

1.1. The AD Process and Key Factors 

The AD process breaks down organic material in the absence of oxygen through two primary 

stages: 

1. Hydrolysis: Complex organic molecules such as lipids, proteins, and polysaccharides are 

broken down into simpler compounds like fatty acids, amino acids, and monosaccharides. 

2. Fermentation: These simpler compounds are further converted into byproducts, 

including acetate, hydrogen (H₂), and carbon dioxide (CO₂), which are ultimately 

converted into methane (CH₄) and CO₂. 
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Successful operation of an AD facility depends on the careful management of several factors: 

• Solids retention time (SRT) 

• Hydraulic retention time (HRT) 

• Temperature 

• Alkalinity and pH levels 

• Presence of inhibitory substances 

• Bioavailability of nutrients and trace metals 

1.2. General Advantages and System Types 

AD systems offer substantial environmental and economic benefits: 

• Greenhouse Gas Mitigation: Captures methane (CH₄), a greenhouse gas 20 times more 

potent than CO₂, and converts it to CO₂ upon combustion for energy. 

• Energy Self-Sufficiency: The methane produced has the potential to fully power a 

Wastewater Treatment Plant (WWTP). 

• Revenue Generation: Excess power can be sold to the grid, creating a revenue stream. 

• Financial Incentives: Facilities may be eligible for carbon credits, tax credits, and 

renewable portfolio standards (green tags). 

• Byproduct Utilization: The process yields a nutrient-rich digestate that can be used as 

fertilizer. 

Two main temperature-based digestion types are employed: 

• Mesophilic Digestion: Operates at 85 to 100°F. It is the most common type, valued for 

being easier to control. 

• Thermophilic Digestion: Operates at 122 to 135°F. It is preferred by newer plants as it 

offers higher methane yields and treatment rates in most cases, though it is more difficult 

to control. 

1.3. Feedstocks and Comparative Gas Yields 

The effectiveness of AD is highly dependent on the feedstock. Ideal sources are high in organic 

content and easily degradable. Common sources include waste sludge, agricultural wastes, and 

food waste. Materials high in lignin, such as paper products and wood, are not good candidates. 

Food waste, fats, and certain agricultural products demonstrate significantly higher gas yields 

than manures. 
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Organic Material Gas Yield (m³ gas/ton) 

Residual Fats 660 

Rape Seed Cake 550 

Floated Fats 400 

Food Waste 220 

Corn Silage 202 

Brewers' Grain 129 

Green Waste 110 

Pig Manure 36 

Cattle Manure 25 

1.4. The Untapped Potential of Food Waste Digestion 

Food waste represents a largely untapped but highly promising feedstock for AD due to its high 

organic content, easy digestibility, and abundance of fatty acids. 

Performance Advantages Over Municipal Solids: 

• Higher Energy Production: Food waste yields 730 to 1,300 kWh per dry ton, compared 

to 560 to 940 kWh for municipal wastewater solids. 

• Superior Biodegradability: Food waste has a higher percentage of volatile solids to total 

solids (VS/TS of 86-90%) compared to municipal solids (70-80%). 

• Greater Solids Destruction: The volatile solids destroyed (VSD) rate for food waste is 

74-81%, significantly higher than the 57% for municipal solids and the 38% required by 

EPA 503 Regulations for land application. 

• Increased Methane Yield: A 30-day methane yield comparison shows that food waste at 

both 15-day and 10-day Mean Cell Residence Times (MCRT) produces significantly 

more methane per dry ton than municipal solids. 

Environmental and Operational Benefits: 

• Reduces the volume of waste sent to landfills. 

• Achieves gas potential in approximately 3 weeks, versus 30 years in a landfill. 

• Reduces methane emissions and leachates generated from organic waste in landfills. 

• Produces a high-quality composting material with fewer pathogens than typical WWTP 

solids. 

Challenges of Food Waste Digestion: 

• Produces high levels of hydrogen sulfide (H₂S) that require treatment. 

• Often requires the addition of water to achieve optimal consistency. 

• May require specialized pumps due to its density. 

• Siting facilities can be problematic as they are considered "tipping facilities." 

• Disposal of the liquid waste portion can be difficult. 
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2. Microbial Fuel Cells (MFCs) 

Microbial Fuel Cells are an emerging technology that utilizes microorganisms to convert organic 

material directly into electrical current. 

2.1. Operating Principle and Application 

In an MFC, microorganisms in an anaerobic chamber (the anode) consume organic matter from a 

substrate like wastewater sludge. This process releases electrons (e⁻), protons (H⁺), and CO₂. The 

electrons are deposited on the anode and travel through a conductive material to a cathode in a 

separate chamber, generating an electrical current. 

This technology has a dual purpose in wastewater treatment: 

1. Produce Electricity: Generate power directly from waste. 

2. Treat Contaminants: Break down organic pollutants in the wastewater. 

2.2. Performance and Limitations 

The power output of MFCs is a critical limitation and varies significantly based on the substrate 

used. 

Substrate Maximum Current Density (mA/cm²) 

Acetate 0.80 

Glucose 0.70 

Paper Recycling Wastewater 0.25 

Ulva lactuca (macroalgae) 0.25 

Domestic Wastewater (amended with acetate) 0.08 

Domestic Wastewater 0.06 

Farm Manure 0.004 

The primary challenges hindering widespread adoption are: 

• Low Power Output: The current generated is too low for most applications to be 

economically viable as a primary power source. 

• High Cost: The cathodes often require precious metals, which are expensive. 

• Substrate Dependency: High power output requires specialized or enhanced wastewater, 

such as that from paper recycling. 

2.3. Future Outlook 

Due to these limitations, recent research views MFCs less as a power-generating technology and 

more as a power-saving alternative for wastewater treatment. They are cost-effective for 

removing certain pollutants (e.g., high COD removal) and produce fewer solids than traditional 
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aerobic treatment systems. New lines of research are also exploring the use of MFCs for 

desalination. 

3. Green Power Generation from Water Infrastructure 

Existing water infrastructure, from large reservoirs to small pipelines, provides diverse 

opportunities for green power generation. 

3.1. Floating Solar Energy 

Installing floating solar photovoltaic (PV) systems on existing hydropower reservoirs is a 

concept with massive global potential. This approach can be integrated into hybrid systems that 

also include wind and hydropower, sharing substation and transmission infrastructure. The 

estimated potential for this technology is 10,600 TWh/year. 

3.2. Low-Head and No-Head Hydropower 

This category includes technologies designed to capture energy from water flows with low or no 

elevation drop (head), often using existing man-made structures. 

Classifications: 

• Small Hydro: ≤ 10 MW 

• Mini Hydro: ≤ 1,000 kW 

• Micro Hydro: ≤ 100 kW 

Untapped Energy Sources: 

• Outfalls from small dams 

• Discharges from wastewater plants and high-rise buildings 

• Canals, tunnels, pipelines, and aqueducts 

Turbine Types: 

• Impulse Turbines (e.g., Pelton): Used in open-flow conditions with a head greater than 

30 feet. 

• Reaction Turbines (e.g., Francis): Used in submerged, closed-flow conditions and are 

suitable for low-head applications. Minimizing friction is critical for efficiency. 

The electrical output (P) is calculated using the formula: P = η (γ Q H)/1000, where it is directly 

proportional to the dynamic head (H) and flow rate (Q). Key considerations include seasonal 

variations in flow rate and addressing environmental impacts, such as effects on fish populations. 
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3.3. Hydrokinetic Turbines 

Distinct from head-driven hydropower, hydrokinetic turbines are current-driven. They generate 

power from the velocity of moving water in rivers, canals, or tidal flows, without the need for 

dams or significant head differences. An example of a potential redevelopment site for 

hydropower is the Lake Lenape Dam in New Jersey. 

 


