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Preface 

 
The U.S. Environmental Protection Agency (U.S. EPA) is charged by Congress with 
protecting the nation’s land, air, and water resources. Under a mandate of environmental 
laws, the Agency strives to formulate and implement actions leading to a balance between 
human activities and the ability of natural systems to support and sustain life. To meet this 
mandate, the Office of Wastewater Management (OWM) provides information and technical 
support to solve environmental problems today and to build a knowledge base necessary to 
protect public health and the environment well into the future.  
 
This publication has been updated to provide current state of development as of the 
publication date. It is expected that this document will be revised periodically to reflect other 
advances in this rapidly evolving area. Except as noted, information, interviews, and data 
development for the Addendum was collected by the EPA. Some of the information, 
especially related to embryonic technologies, was provided by the manufacturer or vendor of 
the equipment or technology, and could not be verified or supported by full-scale case study. 
In some cases, cost data were based on estimated savings without actual field data. When 
evaluating technologies, estimated costs, and stated performance, efforts should be made to 
collect current and more up-to-date information.  
 
The mention of trade names, specific vendors, or products does not represent an actual or 
presumed endorsement, preference, or acceptance by the U.S. EPA or Federal Government. 
Stated results, conclusions, usage, or practices do not necessarily represent the views or 
policies of the U.S. EPA.  
 
Electronic copies of this addendum and the original emerging technologies document can be 
downloaded from the U.S. EPA Office of Wastewater Management web site at: 
http://water.epa.gov/scitech/wastetech/publications.cfm  
Recycled/Recyclable  
 
 
 
 
 
 
 
 
 
 
 
 
 
Printed with vegetable-based ink on paper that contains a minimum of 50 percent post-
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Chapter  9* 
 
Biogas Utilization for Combined Heat and Power Production, etc. 
 
9.1 – Background 
 
Energy consumption for municipal wastewater treatment accounts for 15% to 30% of the 
operating cost at large treatment facilities and 30% to 40% at small facilities (WEF, 2009).  
One proven means for reducing electric power consumption at POTWs is to use anaerobic 
digestion to produce digester gas and then use the digester gas as a fuel for the combined 
production and beneficial use of heat and electrical power.   
 
Digester gas is combustible and when properly handled is a renewable energy source 
and valuable commodity.  A large number of digester gas use applications involve the generation 
of electricity.  Other uses of digester gas, which will not be discussed at length in this document, 
include upgrading the gas to pipeline quality and injecting it into the natural gas distribution 
system, compressing the gas and using it as a vehicle fuel substitute for compressed natural gas-
fueled vehicles (e.g., municipal bus fleets, solid waste trucking fleets), selling the gas to nearby 
industrial users with large heating needs, using the gas as a heat source for a municipal district 
heating system, or using the gas to heat-dry biosolids to a Class A quality pellet product.  
 
Digester-gas-fueled electric power generation projects are attractive for the following reasons: 

• Generated electricity is available for immediate use. 
• Electricity is often expensive and represents one of the largest costs associated with 

operating a POTW. 
• Generated power displaces high priced retail purchases from power utilities. 
• In some cases generated electricity can be made available for export and sale to power 

utilities. 
• Many digester-gas-fueled power generation technologies have long and successful track 

records. 
• Generated electricity is a product of biogenic carbon and is carbon neutral, representing an 

opportunity for reducing a POTW’s carbon footprint and GHG emissions.   
 
For most POTWs, using digester-gas-fueled combined heat and power (CHP) has the potential to 
offset energy consumption by up to 40 percent 
(http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary[1].pdf).  The overall 
percentage of energy recovery involves a combination of factors including the effectiveness of the 
digestion process and whether the digester feed is pretreated, the efficiency of the CHP system, 
the type of treatment processes and the efficiency of the POTW’s liquid stream treatment.   
 
---------------------------------------------------------------------------------------------------------------------- 
*Much of the information presented in this Addendum chapter was excerpted from an interim report, Evaluation of 
Combined Heat and Power Technologies for Wastewater Treatment Facilities [EPA 832-R-10-006; Dec’2010], 
prepared by Brown and Caldwell for Columbus Water Works (CWW) under an assistance agreement awarded by 
U.S. EPA to CWW in support of the Columbus Biosolids Flow-Through Thermophilic Treatment (CBFT3) National 
Demonstration Project in Columbus, GA, that is currently being updated and will be issued final later in 2012 (see 
http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary[1].pdf ). 

http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary%5b1%5d.pdf
http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary%5b1%5d.pdf
http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary%5b1%5d.pdf
http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary%5b1%5d.pdf


EPA’s Combined Heat and Power Partnership (CHPP) estimates that 26 kW of electric capacity 
and 2.4 MMBtu/day can result from a wastewater influent flow rate of 1 mgd, and as of 2008, 
about 46% (1,455) of the POTWs <1mgd had anaerobic digesters, while as of June 2011 only 104 
employed CHP systems, representing 248 megawatts (MW) of capacity.  On a national scale, the 
technical potential for additional CHP systems at POTWs with existing anaerobic digesters is 
over 400 MW of biogas-based electricity generating capacity and approximately 38,000 MMBtu/ 
day of thermal energy. This capacity could prevent approximately three million metric tons of 
carbon dioxide emissions annually, equivalent to the yearly emissions of approximately 596,000  
passenger vehicles.  (http://www.epa.gov/chp/documents/wwtf_opportunities.pdf ).  In addition, a 
growing number of POTWs are exploring the potential for constructing new anaerobic digesters 
as a part of new biosolids management facilities when looking for ways to reduce their GHG 
emissions and overall carbon footprint, as well as to move toward reducing their dependence on 
fossil fuels and the power grid, including opportunities for onsite power production.  For 
example, the District of Columbia Water and Sewer Authority’s (DC Water) Blue Plains 
Advanced Wastewater Treatment Plant that treats an average of 370 mgd of wastewater from the 
metropolitan Washington, D.C., area is in the process of largely replacing lime stabilization with 
thermal hydrolysis and anaerobic digestion, including 4 anaerobic digesters and Cambi™ 
treatment trains and their site layout includes provisions for future construction of 4 more 
digesters and Cambi trains 
(https://dcwasa.com/news/presskits/Digester/DigesterFactSheet_Biosolids%20Management.pdf ). 
 
In the past, and as a general rule of thumb, CHP systems were thought to be cost-effective only at 
POTWs with treatment capacities in excess of 10 million gallons per day (mgd) due to economies 
of scale.  However, today a growing number of POTWs treating less than 10 mgd are evaluating 
the potential for CHP systems at their facilities and a few of these smaller POTWs are 
successfully operating CHP systems.  This change is due in large part to the ability of POTWs to 
receive and condition alternative feed stocks for their anaerobic digestion systems and, to a lesser 
extent, making process enhancements to pretreatment and digestion systems.  Rising energy 
prices and more cost-competitive CHP offerings for smaller facilities are also factors that may 
make CHP economically feasible at smaller facilities. 
 
Alternate feedstocks include fats, oils, and grease (FOG), food waste, and process waste from 
beverage industries.  The addition of FOG and other highly digestible waste streams to the 
anaerobic digestion process can dramatically enhance digester gas production, making CHP 
systems more cost-effective at POTWs with wastewater flows less than 10 mgd and increasing 
electricity production at larger facilities.  The increased digester gas production translates directly 
into cost offsets for electric power and greater heat production for use as process heat.  Additional 
process heat offsets a larger portion of supplemental fuel needs and associated costs.  Increased 
gas production from alternative feedstocks may be able to be achieved without using up much 
valuable digestion capacity because FOG and similar materials are so readily degradable. 
 
The digestion of the volatile solids in the sewage sludge, FOG, food waste, etc. causes the 
formation of methane-rich biogas, more commonly known as digester gas.  As noted in Table 1-1, 
the composition of digester gas is primarily methane (CH4) and carbon dioxide (CO2).  Given its 
high methane content, digester gas is highly flammable and must be carefully managed.   
 

http://www.epa.gov/chp/documents/wwtf_opportunities.pdf
https://dcwasa.com/news/presskits/Digester/DigesterFactSheet_Biosolids%20Management.pdf


 
 
 
So just what are the primary advantages of operating a digester gas-fueled CHP system at a 
POTW?  An anaerobic digestion process at a typical POTW can support a synergistic relationship 
with a CHP system for the following reasons: 

• Anaerobic digestion processes provide a “free” source of fuel for CHP systems 
•  CHP systems can supply all of the heat required by the anaerobic digestion process 
•  CHP systems can offset a significant portion of a POTW’s electric power demand 
• POTWs are usually designed and constructed to operate for several decades and can 

therefore provide a long-term fuel supply to the CHP system. 
 
Given the continuous heat requirements of the anaerobic digestion process, it is common for 
POTWs to select and operate CHP systems with the production of useable heat as the primary 
objective, with onsite electric power generation being an added benefit.  Depending on the local 
climate and the specific anaerobic digestion treatment process employed, as well as several other 
factors, a CHP system might provide all of the heat required to operate the anaerobic digestion 
process.  In the event that the CHP system does not provide adequate heat, the shortfall can be 
met by backup natural-gas-fired boilers.  Should a CHP system provide heat in excess of the 
anaerobic digestion requirements, the additional heat may be sufficient to heat some onsite 
facilities or treatment processes.  Water heating and space heating are other options for using 
excess CHP heat. 
 
 



Depending on a POTW’s specific needs, heat can also be used to produce chilled water and thus 
maximize the overall CHP system heat use.  Absorption chillers are the most common and well 
proven method of converting heat energy into mechanically refrigerated chilled water.  Excess 
CHP system heat, if hot enough, can be used, via an absorption chiller, to produce 45 degree 
Fahrenheit chilled water for building space cooling during warm months.  An additional benefit 
of cooling with absorption chillers is the use of water as the refrigerant and the elimination of 
conventional refrigerants (i.e., chlorofluorocarbons, or CFCs) that are expensive and can be 
harmful to the earth’s ozone layer and contribute to global warming. 
 
In many anaerobic digestion installations, including those without CHP, heat recovery from the 
combustion of digester gas achieves the operating temperatures prescribed by the digestion 
process and replenishes heat that may be lost from the digester and associated sludge piping.  A 
commonly employed non-CHP method of heating anaerobic digesters is the use of digester-gas-
fueled boilers.  Boilers are efficient producers of process heat in the form of either hot water or 
steam, which is used to heat raw sludge and maintain process temperatures. 
 
When considering retrofitting existing boiler-heated digestion systems with CHP, the retrofit 
should be viewed from a whole process perspective.  Otherwise boilers, with their current 
digester gas demand, represent a “sunken” digester gas use as the CHP system receives only the 
“leftover” digester gas.  Using this approach fails to maximize potential efficiencies and results in 
the following process shortcomings: 
 

• Boilers often use between one-third and two-thirds of the available digester gas for 
process heating thus decreasing CHP electricity production by a proportionate amount.  

• Some CHP devices require cooling.  The dissipation of unused heat that could potentially 
heat the process results in additional energy consumption to operate radiator fans and/or 
cooling water pumps, thus reducing the overall efficiency of the CHP system even further. 

• Because the temperatures of the raw sludge varies seasonally, the amount of available 
digester gas for CHP under such a configuration is considerably less in the winter than the 
summer, resulting in even more extreme gas peaking factors.  As such, this approach 
requires either more, smaller units or acceptance of less optimal operation of the partially 
loaded CHP equipment. 

 
By comparison a CHP retrofit that feeds all of the digester gas to the CHP equipment allows 
recovered heat to meet process demands and the existing boilers serve to either back up or 
supplement the CHP heating during periods of peak process heat demand. 
The following figure further illustrates the advantages of operating a CHP system, clearly 
depicting the vastly superior efficiency and subsequent cost savings inherent to operating a CHP 
system in place of individual and separate power and boiler plants. 
 
 
 
 
 
 
 
 
 



 
 

Comparison of CHP and Conventional Approaches to Energy Production 
 

 
 
 
The combined heat and power (CHP) prime movers commonly used in conjuction with anaerobic 
digestion of sewage sludge include internal combustion engines, combustion gas turbines, steam 
turbines, microturbines, and fuel cells.  Other non-CHP uses for digester gas include digester gas 
purification to pipeline quality, direct digester gas sale to an industrial user or electric power 
producer, and digester gas conversion to vehicle fuel.  For optimum performance, digester-gas-
fueled combined heat and power (CHP) systems generally require fuel pretreatment.   
 
Internal combustion engines are the most common equipment used for CHP systems at 
wastewater treatment plants.  Microturbines and small turbines are also common but are 
installed less frequently.  Fuel cells are the least common.   
 
 
 
 
 



             Sizes, Efficiencies, and Emissions for Combined Heat and Power 
                    Technologies Commonly Used for Biogas Combustion 
             from Combined Heat and Power Potential at California’s Wastewater Treatment Plants  
         (CEC-200-2009-014-SF; September 2009) by Pramod Kulkarni, California Energy Commission 

       
 

                      
 
Gas Scrubbing Technology 
Biogas from anaerobic digestion of sewage sludge often contains significant amounts of moisture, 
siloxanes, and other trace elements that can impact the performance of the CHP power generation 
technologies.  Microturbines and fuel cells are more susceptible to these contaminants than 
internal combustion engines.  Early installations of microturbines were seriously hampered by 
failure of the gas scrubbing equipment.  Although gas‑scrubbing technology is well‑proven and 
widely used, ongoing research continues to reduce the cost and improve performance of 
gas‑cleaning technologies. There are some alternative options being explored to improve the 
technology. 



 

 
   SiO2 Deposits on Cylinder Head Caused by the Combustion of Siloxane-Laden Fuel 
 
 

           
Activated Carbon Siloxane Removal Vessels at the Central Valley WRF, Salt Lake City, Utah 

 
 
 
 



9.2 –Technology Assessment 
 
A summary of table of established, innovative, and emerging combined heat and power (CHP) 
technologies, other non-CHP uses, and digester gas pretreatment technologies is provided in the 
following table.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Established Technologies 
Prime Movers 

• Internal Combustion Engines, rich-burn 

• Internal Combustion Engines, lean-burn 
• Combustion Gas Turbines 

• Recuperated Turbines (Boiler/Steam Turbines) 
Gas Pretreatment technologies 

o H2S removal  
- Iron sponge                                       -    SULFATREAT®  
- Sulfur-Rite®                                     -    SULFA-BIND® 

o Moisture removal 
- Mechanical gas dryers or heat exchangers coupled with water 

chillers  
- Desiccant driers                                -    Coalescing filters 

o Siloxanes  
- Adsorption with an activated carbon media 
- Silica gels 
- Proprietary media regeneration systems (often involving 

activated carbon) based on a temperature swing adsorption 
(TSA) process  

- Pressure swing adsorption (PSA) systems 
- Refrigeration and deep refrigeration processes 

o Particulates 
- Particulate filters 

 
Innovative Technologies 
Prime Movers 

o Microturbines 
Other  non-CHP uses for digester gas 

o Purification to pipeline quality 
o Direct digester gas sale to an industrial user or electric 

power producer 
o Digester gas conversion to vehicle fuel (compressed 

natural gas replacement) 
o Process heat for biosolids drying/pelletization 

 
Emerging Technologies 
Prime Movers 

o Reciprocating Engine Systems (ARES) 
o Fuel Cells 
o Sterling Engines 



Technology Summary 
Microturbines 
Objective:  
Microturbines are a relatively new, innovative technology based on jet engines (more 
specifically the turbo charger equipment found in jet engines) that use rotational energy to 
generate power. 
State of Development: 
Innovative.  First introduced about 15 years ago, microturbines are a relatively new CHP 
technology that has become more popular in recent years due to their clean emissions and 
relatively small sizes. 

Description:   
A microturbine is a much smaller version of a combustion gas turbine.  Having evolved 
from large engine turbochargers and similar high-speed turbo machinery, microturbines are 
essentially small high-speed recuperated combustion gas turbines.  Microturbines are fully 
packaged modular machines that comprise the smallest capacity CHP units available.  Some of 
the new technologies featured in microturbines include extended-surface recuperators, non-
lubricated air bearings, and ultra-fast operating speeds.  Similar to the larger combustion gas 
turbines, heat recovery is only available from the microturbine exhaust.  Most microturbines 
are equipped with a recuperator that is used to preheat the combustion air with a portion of the 
exhaust heat. While improving electrical efficiency, recuperators limit the overall heat recovery 
from microturbines by lowering the gas temperature leaving the exhaust. Recovered 
microturbine heat is available for digester heating or other heating needs, typically in the form 
of hot water.   
 
Each individual microturbine produces anywhere from 30 to 250 kilowatts (kW) of energy, and 
they are often grouped to produce the required energy for a given application.  Most 
microturbines have four main components:  compressor, combustion chamber, turbine blades, 
and drive shaft, are about the size of a refrigerator, weigh about 1,000 lbs., and have very low 
nitrogen oxide emissions.  The compressors operate by taking in the surrounding air at one end 
of the microturbine and condensing it by increasing the air’s pressure and density.  This air is 
fed into the combustion chamber where it is mixed with fuel, and then burned.  This 
combustion releases enormous amounts of heat energy and high pressure exhaust gases.  The 
exhaust gases are discharged through exhaust vents into a series of turbine fan blades that are 
attached to a central shaft.  As the gases are discharged, they spin the turbine fans, which in 
turn spin the drive shaft at high speeds (100,000 revolutions per minute).  The rotational energy 
produced by the shaft spins copper coils, which excite the electrons in the wire, producing 
electricity.  The quantity of electricity produced depends on how fast the shaft can spin in the 
magnetic field, the strength of the magnetic field, and the quantity and arrangement of the 
copper coils.  To produce electricity at a relatively low cost, the shaft must rotate at high 
speeds.   
 
For effective operation, microturbines require exceptionally clean fuel.  In the past, several 
California POTWs with microturbine installations have experienced operational difficulty due 
to insufficient digester gas treatment.     



Comparison to Established Technologies:   
Microturbine systems have many advantages over the reciprocating (internal combustion) 
engine generators, such as higher power density (with respect to footprint and weight), 
lower emissions and few or just one moving part. Those designed with foil bearings and air 
cooling operate without oil, coolants, or other hazardous materials. Microturbines also have 
the advantage of having the majority of their waste heat contained in their relatively high 
temperature exhaust, whereas the waste heat of reciprocating engines is split between its 
exhaust and cooling system. However, reciprocating engine generators are quicker to 
respond to changes in output power requirement and are usually slightly more efficient, 
although the efficiency of microturbines is increasing. Microturbines also lose more 
efficiency at low power levels than reciprocating engines. Typical microturbine efficiencies 
are lower than that for internal combustion engines. 
 
Microturbine exhaust emissions are amongst the lowest of all CHP prime movers.  Air 
pollutants from microturbines are mainly CO and NOx, with some VOCs, while PM is 
negligible.  Microturbines, all of which feature dry, low-NOx technology for lean combustion, 
achieve their lowest emissions when operated at full load.  Conversely, as the percentage of 
full-load operation decreases, the exhaust emissions increase. 
  
 

                        



           
 

 
                                         Microturbine Installation at the Sheboygan Regional WWTP 
   
 



Available Cost Information*: 
Costs for these units can range from $30,000 to $250,000, installed, depending on the unit. 
 
Vendor Name: 
Capstone Mictroturbine – http://www.capstoneturbine.com/prodsol/products/   and  
Ingersoll Rand –  http://www.pomenergyconcepts.com/images/EcoWorks_20WWTP_20Brochure.pdf   are 
two of the larger microturbine manufacturers. 
 
Installations: 
○  San Elijo Joint Powers Water Reclamation Facility, Cardiff by the Sea, CA - 3 MGD 
○  Lancaster Water Reclamation Plant, Los Angeles County, CA - 15MGD 
○  Palmdale WWTP (LA County Sanitation Districts), Palmdale, CA – 40MGD     
○  Millbrae Madrone WWTF, Water Pollution Control Plant, Millbrae, CA – 7MGD 
○  Moreno Valley Regional Water Reclamation Facility, Eastern Municipal Water District, CA                                    
– 18MGD 
○  Daly City WWTP,  Daly City, CA – 7MGD 
○  Laguna Treatment Plant, Santa Rosa, CA – 10.8MGD 
○  Inland Empire Utilities Agency’s RP-1 Treatment Plant, Ontario, CA – 44MGD 
○  San Luis Obispo WWTP, San Luis Obispo, CA – 5MGD 
○  Escondido WWTP (Hale Avenue Resource Recovery Facility), CA – 18MGD    
○  Banning WWTF, Banning, CA – 3.6MGD 
○  Temecula Valley Regional Water Reclamation Facility,  Temecula, CA  – 18MGD 
○  Chiquita Water Reclamation Plant, Santa Margarita Water District, CA – 7.5MGD 
○  Santa Maria Wastewater Treatment Plant - Santa Maria, CA – 7.8MGD 
○  North of the River Wastewater Treatment Plant, Shafter, CA – 6MGD 
○  Palm Springs Waste Water Treatment Plant, Palm Springs, CA – 8.3MGD 
○  Colorado Springs Utilities LVWWTP, Colorado Springs, CO – 25MGD 
○  Sheboygan Regional WWTP, Sheboygan, WI - 11MGD 
○  Chippewa Falls Wastewater Treatment Facility, Chippewa Falls, WI – 5.6MGD 
○  Columbia Boulevard Wastewater Treatment Plant, Portland, OR – 80MGD 
○  Albert Lea WWTF, Albert Lea, MN – 6.7MGD 
○  Delhi Charter Township Wastewater Treatment Plant, Delhi Charter Township, MI – 
2.5MGD  (2008 PISCES Award) 
○  West Lafayette WWTP, West Lafayette, Indiana – 9MGD 
○  City of York Wastewater Treatment Plant , York, PA – 26MGD 
○  Allentown City STP, Allentown, PA – 26MGD 
○  Jeannette Wastewater Treatment Plant, Jeanette, PA  – 2.37MGD 
○  Pleasant Hills Sewage Treatment Plant, Pleasant Hills, PA – 5MGD 
○  Essex Junction WWTF, Essex Junction, VT – 2MGD 
○  Pittsfield Wastewater Treatment Facility, Pittsfield, MA – 10.8MGD 
○  Owl’s Head Wastewater Treatment Plant, New York City, NY (NYCDEP) – 120MGD 
○  Lewiston Water Pollution Control Center, Lewiston, NY – 2.75MGD 
○  Long Branch Sewerage Authority Wastewater Treatment Plant, Long Branch, NJ – 5.4MGD 
 
Key Words for Internet Search: 
Mictroturbine 
   
   

http://www.capstoneturbine.com/prodsol/products/
http://www.pomenergyconcepts.com/images/EcoWorks_20WWTP_20Brochure.pdf


Data Sources: 
-  Evaluation of Combined Heat and Power Technologies for Wastewater Treatment Facilities. 
[EPA 832-R-10-006; Dec’2010].  Brown & Caldwell Engrs./Columbus Water Works, GA – 
http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary[1].pdf 
-  Heat and Power Potential at California’s Wastewater Treatment Plants 
(CEC-200-2009-014-SF September 2009;).  Pramod Kulkarni, California Energy Commission 
– http://www.energy.ca.gov/2009publications/CEC-200-2009-014/CEC-200-2009-014-SF.PDF 
-  DOE CHP Case Studies in the Pacific Northwest - Columbia Boulevard Wastewater 
Treatment Plant Environmental Services, City of Portland, OR - 320 kW Fuel Cell and 
Microturbine Power Plants – 
http://chpcenternw.org/NwChpDocs/ColumbiaBlvdWastewaterCaseStudyFinal.pdf 
-  Albert Lea Wastewater Treatment Facility 120 kW CHP Application; Project Profile – 
http://www.chpcentermw.org/pdfs/Project_Profile_Albert_Lea_Wastewater_Treatment_Center.pdf 
-  Essex Junction WWTF 60 kW CHP Application; Project Profile – 
http://www.northeastcleanenergy.org/uploads/EssexJunctionCHPprofile.pdf 
-  Methane Harvest - CHP in Action – http://www.methaneharvest.com/chp/index.php 
-  Biogas-fuelled microturbines; a positive outlook for growth in the US.  Christine Hurley. 
Nov/Dec’2003 Cogeneration and On-Site Power Production 
http://www.energietech.info/pdfs/biogas_fuelled_microturbines.pdf 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       

http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary%5b1%5d.pdf
http://www.energy.ca.gov/2009publications/CEC-200-2009-014/CEC-200-2009-014-SF.PDF
http://chpcenternw.org/NwChpDocs/ColumbiaBlvdWastewaterCaseStudyFinal.pdf
http://www.chpcentermw.org/pdfs/Project_Profile_Albert_Lea_Wastewater_Treatment_Center.pdf
http://www.northeastcleanenergy.org/uploads/EssexJunctionCHPprofile.pdf
http://www.methaneharvest.com/chp/index.php
http://www.energietech.info/pdfs/biogas_fuelled_microturbines.pdf


Technology Summary 
Fuel Cells  
Objective:  
Fuel cells are electrochemical devices used to continuously produce electricity. 

State of Development: 
Emerging.  Fuel cells have been a popular choice as Auxiliary and Supplemental Power Sources 
(ASPSs) for wastewater treatment plants in recent years, because they are highly efficient and 
almost emissions-free.  Although the basic technology has been around for decades, the industry 
is still in an early stage of commercialization.   
 

Description:   
Fuel cells produce power and heat as a result of fuel conversion that occurs due to 
electrochemical reactions.  Unlike other CHP technologies, which combust fuel to produce power 
and heat, fuel cells convert chemical energy to electricity in a continuous non-combustion based 
manner. Fuel cells consist of an anode and cathode, separated by an electrolyte.  Hydrogen (H2), 
extracted from the digester gas, diffuses to the anode catalyst and dissociates into positively 
charged ions and negatively charged electrons.  The ions then pass through the electrolyte to the 
cathode while the electrons bypass the electrolyte via a wire, creating an electric current, and then 
flow into the cathode.  At the cathode, the electrons and ions reunite and together they react with 
oxygen to form water.  Although fuel cells are characterized as non-combustion devices, steam is 
required as part of the fuel conversion process and is generally produced by the combustion of a 
small amount of fuel within the fuel cell’s reformer. 
 
Within the fuel cell unit there are several main process modules: 
 1. Gas cleanup unit – This module purifies the digester gas and removes nearly all potential 
contaminants.  Fuel cell stacks are extremely sensitive to certain impurities and only 
exceptionally pure, clean and pressurized methane gas (CH4) leaves this module to the fuel cell 
reformer.  Digester gas must be cleaned prior to introduction to the gas reformer.  Minute 
quantities of sulfur compounds, including H2S, will quickly damage the fuel cell’s nickel catalyst 
within the cell stack if not removed. 
 2. Reformer – This device combusts a very small amount of the fuel to vaporize water to 
produce steam.  The reformer then mixes this pressurized high temperature steam together with 
the pure CH4 gas from the gas cleanup module to produce the hydrogen gas essential to the fuel 
cell operation. 
 3. Cell stack – The cell stack is the device that actually produces electricity from the hydrogen 
gas (H2) and consists of an anode, cathode, and electrolyte.  The distinguishing feature amongst 
the various types of fuel cells is the electrolyte employed in their respective cell stacks. 
Regardless of the type employed, the electrolyte allows the transfer of ions from the anode to the 
cathode but prevents the transfer of electrons.  Instead, the electrons flow through an external 
circuit and create the power generated by fuel cells. 
 4. Inverter – The inverter consists of electrical devices that convert the direct current (DC) 
electric power created by the fuel cell into alternating current (AC) and transforms this AC power 
into the required system voltage. 
 
The most notable fuel cell characteristics are high power generation efficiency and extremely 
clean exhaust emissions.  Fuel cells operate without noticeable vibration and are exceptionally 
quiet although certain system accessories may cause minimal noise. 
   



Four different types of fuel cells are now in active commercial service or are now undergoing 
development, including: 
 1. Phosphoric Acid Type Fuel Cells – The first commercial fuel cells used in POTW 
applications were the phosphoric acid (PAFC) type.  Several POTWs, located throughout the 
United States, operate PAFCs with anaerobic digester gas.  Some of those installations have over 
7 years of operational experience with PAFCs which suggests this is an established and proven 
technology.  Most of the early PAFCs were manufactured by ONSI (now UTC Power).  During 
the early development of fuel cell technology, FuelCell Energy also manufactured PAFCs but has 
since discontinued the manufacture of this type of fuel cell. UTC Power does not currently market 
any fuel cells in the digester gas market.  
 2. Molten Carbonate Type Fuel Cells – Many of the more recent fuel cell installations since 
2003 have used the molten carbonate type fuel cell (MCFC). Portions of the MCFC, such as the 
reformer, and the inverter are similar to those in PAFCs. One important difference is the lithium 
and potassium carbonate electrolyte solution that allows the transfer of electrons within the unit. 
 3. Solid Oxide Type Fuel Cells – While the solid oxide fuel cell (SOFC) continues its 
development, it is not yet ready for long-term digester gas use.  
 4. Proton Exchange Membrane Type Fuel Cells – Proton exchange membrane (PEM) fuel 
cells are relatively new and at this time are not suitable for use with digester gas.  
Both the PAFC and MCFC are mature technologies with established and proven track records. 
Both have been shown to be suitable for use with anaerobic digester gas at POTWs.  
SOFC or PEM fuel cells are not likely to be ready for digester gas service within the next few 
years.    
 
The electrochemical reactions that occur within fuel cells are exothermic, meaning that heat is 
evolved from the reaction.  In addition to heat, the electrochemical reactions also produce water. 
The heat generated by the electrochemical reaction is sufficient to immediately vaporize the water 
formed during the same chemical reaction.  Heat produced by the electrochemical reaction is 
available for digester heating but rarely in sufficient amounts to supply the entire amount of heat 
required by the digestion process.  Most fuel cell based CHP systems require a boiler to make up 
the shortfall of heat energy not provided by the fuel cells thus maintaining the anaerobic digesters 
at the appropriate temperature.  PAFCs operate at about 350 degrees F and produce low grade 
heat suitable for anaerobic digester heating with hot water.  MCFCs operate at much higher 
temperatures, reaching about 1,250 degrees F.  In addition to anaerobic digester heating, the 
recoverable heat from MCFCs is also capable of producing sufficient high pressure steam to drive 
a steam turbine, generating additional power.    
Comparison to Established Technologies:   
Fuel cells convert chemical energy contained in biogas directly into electricity and water vapor as 
a byproduct, thus reducing the combustion byproducts needing containment to meet air quality 
regulations.  The main advantages of fuel cells are that they can be environmentally friendly, 
operate silently, and with high efficiency.  Fuel cells also give out heat during chemical 
conversion, thus making them suitable for cogeneration.  The downside is that they are expensive, 
relatively new, and technologically complex.  So far they have not proven commercially viable 
compared to the alternatives.  There are several wastewater treatment plants that use fuel cells, 
but these installations have been subsidized through special incentive programs and generous tax 
credits.  Absent these two factors, it is unlikely that the cost of fuel cells would come down fast 
enough to make a wastewater treatment plant‑based fuel cell CHP cost‑effective in the near 
future without such subsidies.   
 



                
 

 



                               
                         Molten Carbonate Fuel Cells at the Moreno Valley Regional Water Reclamation Facility 
   
Available Cost Information*: 
In terms of the capital cost per kW produced, fuel cells are one of the most expensive CHP 
technologies.  Fuel cell manufacturers currently publish a commercial entry price of about 
$2,400/kW.  Initial price does not include installation, balance of systems costs, or other 
miscellaneous costs that can drive the entry price up by 30% to 50%.  Manufacturers believe that 
the entry price where fuel cells could compete successfully with other small power generators 
would have to be roughly half of the current price. This would allow for more competition for 
smaller scale installations.  Through improved manufacturing techniques, higher efficiency and 
increases in production the cost of manufacturing reliable fuel cells is decreasing.  As this 
technology becomes more commercial available, costs of fuel cells will rapidly decline.  
However, fuel cells have been particularly attractive in California due to that state’s Self-
Generation Incentive Program (SGIP).  According to the terms of the SGIP for the year 2009, 
subsidies of $4,500/kW for renewable energy projects up to 1 MW were available for fuel cells.  
Under the terms of the 2009 SGIP internal combustion engines and microturbines did not qualify 
for the subsidy.     
Vendor Name: 
Fuel Cell Energy, Inc. 
 
Installations: 
○  Regional Wastewater Treatment Facility, Dublin San Ramon Service District, Pleasanton, CA 
– 4MGD                                                                                                                      
○  Tulare WWTP, Tulare, CA – 12.5MGD                                                                
○  Moreno Valley Regional Water Reclamation Facility, Eastern Municipal Water District, 
western Riverside County, CA – 15.7MGD                                                               
○  Columbia Boulevard Wastewater Treatment Plant, Portland, OR – 80MGD 
○  Yonkers Joint Wastewater Treatment Plant, Westchester County, NYC – 95MGD 
○  Red Hook Water Pollution Control Plant, Flushing Ave., Brooklyn, NYC – 60MGD 
○  26th Ward Wastewater Treatment Plant, Flatlands Ave., Brooklyn, NYC – 85MGD 
○  Hunts Point Wastewater Treatment Plant, Bronx, NYC – 200MGD 
○  Oakwood Beach Wastewater Treatment Plant, Staten Island, Oakwood Beach, NYC – 9.9MGD    



○  South Wasterwater Treatment Plant, King County (Seattle), WA – demonstration project 
http://www.kingcounty.gov/environment/wastewater/EnergyRecovery/FuelCellDemonstration.aspx 
○  Point Loma Wastewater Treatment Plant, San Diego, CA – 175MGD 
○  Palmdale WWTP (LA County Sanitation Districts), Palmdale, CA – 40MGD     
○  El Estero WWTP, Santa Barbara, CA – 11MGD                                                   
○  City of Riverside WWTP, Riverside, CA – 40MGD                                             
○  City of Rialto WWTP, Rialto, CA – 8.4MGD                                                       
○  City of Turlock WWTP, Turlock, CA – 22MGD                                                  
Key Words for Internet Search: 
Fuel cell, Molten Carbonate Fuel Cell (MCFC) 
   
Data Sources: 
-  Evaluation of Combined Heat and Power Technologies for Wastewater Treatment Facilities. 
[EPA 832-R-10-006; Dec’2010].  Brown & Caldwell Engrs./Columbus Water Works, GA – 
http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary[1].pdf 
-  Heat and Power Potential at California’s Wastewater Treatment Plants 
(CEC-200-2009-014-SF September 2009;).  Pramod Kulkarni, California Energy Commission 
– http://www.energy.ca.gov/2009publications/CEC-200-2009-014/CEC-200-2009-014-SF.PDF 
-  DOE CHP Case Studies in the Pacific Northwest - Columbia Boulevard Wastewater Treatment  
Plant Environmental Services, City of Portland, OR - 320 kW Fuel Cell and Microturbine Power 
Plants – http://chpcenternw.org/NwChpDocs/ColumbiaBlvdWastewaterCaseStudyFinal.pdf 
-  Methane Harvest - CHP in Action – http://www.methaneharvest.com/chp/index.php 
-  King County fuel cell demonstration project – 
http://www.kingcounty.gov/environment/wastewater/EnergyRecovery/FuelCellDemonstration.aspx 
-  4.5 mW of fuel cells for wastewater biogas in San Diego (Point Loma WWTP) – 
http://www.h2journal.com/displaynews.php?NewsID=565 
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Technology Summary 

Advanced Reciprocating Engine Systems (ARES) 
Objective:  
DOE’s Advanced Reciprocating Engine Systems (ARES) Program has resulted in significant 
improvements in lowering the exhaust emissions and increasing fuel efficiency of lean-burn 
internal combustion engines. 

State of Development: 
Emerging.  The results of the DOE ARES program and the efforts of other engine manufacturers 
is that since 2005, more high efficiency, new lean-burn, advanced generation engines are now 
available in the market place with several already installed and operating.  This is important 
because improved fuel efficiency, when coupled with cogeneration, enables POTWs to offset an 
even greater portion of their electrical demands by maximizing the produced electricity from the 
available digester gas fuel.   
Description:   
In 2001, national research laboratories, together with large engine manufacturers, Caterpillar, 
Cummins, and Waukesha received contracts from the United States Department of Energy to 
make further improvements to lean-burn engines.  The goal of the Advanced Reciprocating 
Engine Systems (ARES) program is to achieve significant improvements in lowering exhaust 
emissions and increasing fuel efficiency.  Other engine manufacturers, not part of the ARES 
program, have independently worked toward the same goal.     
Comparison to Established Technologies:   
Internal combustion engines are the most widely used and time-tested CHP technology fueled by 
digester gas.  Internal combustion engines generally fall into one of two categories: compression-
ignition (commonly called diesel engines) and spark-ignition.  Spark-ignition engines are almost 
exclusively used for CHP applications fueled solely by digester gas.  The use of digester gas to 
fuel internal combustion engines at POTWs dates back to the early twentieth century.  The first 
system in the United States was installed in Charlotte, North Carolina in 1928. Since the 1930s, 
digester-gas-fueled internal combustion engines have become more and more common at 
POTWs.   
 
Virtually all cogeneration engines installed from the 1950s through the 1970s were the rich-burn 
type; meaning that those engines require a high fuel-to-air ratio.  Since the inception of 
cogeneration engines, manufacturers have spent considerable effort to improve older generation 
engines and develop new engines that emit lower exhaust emissions.  Lean-burn is the common 
designation for engines with lower fuel-to-air ratios.  In addition to lower exhaust emissions, 
lean-burn engines also achieve higher fuel efficiency due to more complete fuel combustion.  
These improvements have led to the gradual elimination of rich-burn engines. Since the 1990s, 
many POTWs have converted existing rich-burn engines to lean-burn operation or installed new 
lean-burn engines in order to achieve improved exhaust emissions. 
 
The results of the ARES program and the efforts of other engine manufacturers is that more 
efficient, cleaner burning engines are now available in the market place with several already 
installed and operating.  This is important because improved fuel efficiency, when coupled with 
cogeneration, enables POTWs to offset an even greater portion of their electrical demands by 
maximizing the produced electricity from the available digester gas fuel. Since 2005, more high 
efficiency, new-generation, lean-burn engines have been put into service. 



 
 

                                                  
Available Cost Information*: 
Project Cost of $200,000 (2007 Dollars) for a 23.7 MGD plant (average daily flow) with average 
energy savings of $135,786/yr and a simple payback period of 1.5 years. 
 
Vendor Name: 
Caterpillar, Cummins, Dresser Waukesha, Jenbacher 
 
Installations: 
Bucklin Point WWTF/United Water                                                  Columbus Water Works 
102 Campbell Avenue                                                                                                                      1421 Veterans Parkway                               
East Providence, RI  02916                                 Columbus, Georgia 31902-1600 
 

 
Key Words for Internet Search: 
Advanced Reciprocating Engine Systems,  ARES 
 
 



Data Sources: 
-  Evaluation of Combined Heat and Power Technologies for Wastewater Treatment Facilities. 
[EPA 832-R-10-006; Dec’2010].  Brown & Caldwell Engrs./Columbus Water Works, GA – 
http://www.cwwga.org/documentlibrary/121_EvaluationCHPTechnologiespreliminary[1].pdf 
DOE’s Industrial Technologies Program.  Advanced Reciprocating Engine Systems (ARES) - 
DOE/EE-0419; July 2011 – 
http://www1.eere.energy.gov/industry/distributedenergy/pdfs/recip_engines_brochure.pdf; 
http://www1.eere.energy.gov/industry/distributedenergy/ares.html 
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