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Abstract 
 

Opportunity fuels are fuels whose potential as a source of heat and power has not yet been realized.  They 

can be a cheap and reliable alternative to fossil fuels, and are likely to gain in market share as the price of 

fossil fuels increases.  This report evaluated the highest potential opportunity fuel(s) for distributed 

energy resources and combined heat and power (DER/CHP) applications, examined the DER/CHP 

technologies that can use them, and assessed the potential market impacts of opportunity-fueled 

DER/CHP applications.  

 

First, all of the various opportunity fuels are introduced and evaluated. The current status, technology, 

economics, current market condition, and potential environmental issues associated with each fuel are 

discussed. Availability, cost, and installed capacity data are also included where available. After each fuel 

is analyzed, the eight opportunity fuels with the most DER/CHP potential are chosen for further 

evaluation. These eight fuels are anaerobic digester gas, biomass gas, coalbed methane, landfill gas, tire-

derived fuel, wellhead gas, wood (forest residue), and wood (urban wood waste). 

 

Following this initial evaluation, the DER technologies required to utilize the fuels are reviewed.  

Reciprocating engines, microturbines, combustion turbines, steam turbines (and associated boiler 

systems), fuel cells, and Stirling engines are reviewed. The technologies that are required when using 

opportunity fuels, such as gasifiers and anaerobic digesters, are also considered. For each technology, the 

history, operation, emissions controls, efficiency, equipment costs and modifications for opportunity 

fuels, maintenance costs and issues with opportunity fuels, and common applications are discussed. 

 

Next, the availability and technical market potential of the eight most promising opportunity fuels are 

examined, and the current status and future outlook for each fuel is evaluated in more detail, to determine 

the top four opportunity fuels for future DER/CHP applications in the United States.  These four fuels are: 

anaerobic digester gas, landfill gas, biomass gas, and wood waste.  A market assessment, using Resource 

Dynamics Corporationôs DISPERSE model, is then performed for each of these fuels to determine their 

DER/CHP potential. 
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Combined Heat and Power Market Potential for Opportunity Fuels 

ES-1 

Executive Summary 
 

Distributed energy resources (DER) are energy resources that are distributed at or near the point of use.  

These include distributed generation as well as energy storage, and are typically smaller (under 50 MW) 

resources.  One of the most prevalent forms of distributed generation is combined heat and power (CHP), 

where distributed generation is used to generate power as well as provide useful thermal output. 

DER/CHP are thus smaller, distributed CHP units.  While DER/CHP units can be sited independently of 

the grid, most that are used regularly are interconnected with the grid so that they can receive 

supplementary and backup power from their local utility.  To date, most DER/CHP is fueled by natural 

gas, which has increased in price significantly over the past three years, and prices are projected to remain 

much higher than historical levels for many years 

 

In an energy market where fossil fuel costs, especially those for natural gas, are on the rise, new 

alternative fuel options are being explored.  Almost any material can be combusted and used as a fuel, but 

only certain types of materials can compete with fossil fuels as a viable source of energy.  An opportunity 

fuel is any type of fuel that is not widely used, but has the potential to be an economically viable source of 

power generation.  To assemble a list of potential opportunity fuels, an extensive literature search was 

conducted.  Biomass fuels, coalbed methane, petroleum coke and tire-derived fuel have been the subjects 

of various research studies, so these fuels topped the list of potential candidates.  As a result of this effort, 

over twenty opportunity fuels were identified as potential candidates for DER/CHP: 

 

¶ Anaerobic Digester Gas   ¶    Industrial VOCôs 

¶ Biomass Gas    ¶    Landfill Gas 

¶ Black Liquor    ¶    Municipal Solid Waste / Refuse Derived Fuel 

¶ Blast Furnace Gas    ¶    Orimulsion 

¶ Coalbead Methane    ¶    Sludge Waste 

¶ Coke (Coal and Petroleum)   ¶    Textile Waste 

¶ Coke Oven Gas    ¶    Tire Derived Fuel 

¶ Crop Residues    ¶    Wellhead Gas 

¶ Ethanol     ¶    Wood and Wood Waste 

¶ Food Processing Waste  

 

After reviewing the attributes, benefits, and drawbacks of each opportunity fuel, several were eliminated 

from further evaluation.  For most of the fuels, the quality is too low, the price is too high, the market is 

not strong enough, or a combination of these factors.  Other fuels are only suitable for cofiring or large-

scale industrial applications.  The fuels that remained, to be studied for further evaluation, are: 

 

¶ Anaerobic Digester Gas 

¶ Biomass Gas 

¶ Coalbed Methane 

¶ Landfill Gas 

¶ Tire-Derived Fuel 

¶ Wellhead Gas 

¶ Wood (Forest Residues) 

¶ Wood Waste 

 

For these fuels, a more in-depth analysis was performed, starting with a review of the applicable DER 

technologies, and followed by an examination of each fuelôs availability, current status, and future 

outlook. 

 



Combined Heat and Power Market Potential for Opportunity Fuels 

 

ES-2 

DER Technologies 
 

Distributed energy resources are typically defined as small power generation sited at or close to the 

facility that uses the output.  Most DER technologies can be used with opportunity fuels, including steam 

turbines, combustion turbines, reciprocating engines, microturbines, fuel cells and Stirling engines.  Each 

of these technologies can be configured to capture waste heat and produce useful thermal output, typically 

referred to as combined heat and power.  For solid fuels that are not gasified (TDF and wood fuels), a 

steam turbine and boiler unit is the only practical technology option, since solids can only be efficiently 

burned in a boiler.  Gaseous fuels can also be burned in a boiler to produce steam, but the other prime 

mover technologies are also options for gaseous opportunity fuels.  Each technology has its advantages 

and disadvantages, depending primarily on fuel characteristics and site electrical and thermal loads. 

 

Availability 
 

The availability of opportunity fuels depends on a number of factors, including local resources, 

processing plants, and market infrastructures.  For anaerobic digester gas and landfill gas, facilities are 

located ubiquitously throughout the country.  Biomass gas can utilize any type of biomass as a fuel, and 

the highest concentration of biomass reserves lies in the South and Midwest.  The availability of coalbed 

methane and wellhead gas, on the other hand, is highly regional, depending on the prevalence of 

underground reserves and the locations of mines and wells.  Tire piles for tire-derived fuel are located 

throughout the country, generally more prevalent around high-population areas.  Harvested wood fuels 

are most readily available in heavily forested areas, while the availability of wood waste is more 

population-based. 

 

Current and Future Projects 
 

Current and future opportunity fuel projects were examined to find out exactly how each fuel is being 

used and if there are any potential barriers, limitations, and/or drawbacks to their use.  Some of the chosen 

opportunity fuels, such as anaerobic digester gas, landfill gas, biomass and wood waste are widely used 

with growing acceptance in the DER/CHP marketplace.  Other fuels like coalbed methane and wellhead 

gas are gaining momentum for DER projects, but CHP is rarely ever implemented because of low facility 

thermal demand.  Tire-derived fuel and harvested wood, on the other hand, have not caught on in the 

DER or CHP markets and have been mostly limited to large industrial heating applications or power 

generation for wholesale markets. 

 

After the current projects and the future outlook for each fuel were examined, the final screening was 

conducted, and only the most promising opportunity fuels were chosen for further evaluation. 

 

Fuels Considered for Further Evaluation: 

Anaerobic Digester Gas (ADG) 

Biomass Gas 

Landfill Gas (LFG) 

Wood Waste  

 

Fuels Eliminated from Further Evaluation: 

Coalbed Methane ï Limited potential, coalmines not good candidates for CHP 

Harvested Wood ï Fuel is too expensive, limited market 

Tire-Derived Fuel ï Processed TDF can cost more than coal, limited market, limited potential 

Wellhead Gas ï Only suitable for small DER installations at oil/gas wells (very limited potential) 
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The next phase of the project was to implement Resource Dynamics Corporationôs DISPERSE model for 

opportunity fuels.  This model calculates the approximate cost to generate electricity using opportunity 

fueled DER, and compares it with electricity prices throughout the country.  The model, based on fuel, 

equipment and maintenance costs, as well as local electricity rates, chooses the best locations for potential 

opportunity fuel projects and calculates the overall cost to generate electricity, as well as equipment 

payback periods. 

 

Market Potential Results 
 

About 32 GW of economically achievable market potential was found.  Because there was some overlap 

in the resources used for biomass gas and wood waste, whatever potential was seen from gasified wood 

waste was subtracted from the biomass gas total.  The results are broken down by fuel in Figure ES-1. 

 

The largest opportunity lies with biomass gas, with its vast amount of resources ranging from crop 

residues to switchgrass to harvested forest residues to wood waste. Biomass gas alone could potentially 

contribute over 28 GW of capacity from DER/CHP projects.  In order to achieve this large potential, a 

market infrastructure for harvesting, collecting, transporting and selling the feedstocks would be required.  

In addition, a mass-produced line of gasifiers capable of producing high-quality biomass gas must 

become available at a cost of about $1,000/kW. Currently, neither of these conditions has been met, but it 

is certainly foreseeable in the near future if initiatives are taken.  The results also showed that solid wood 

waste has a large amount of potential (nearly 7 MW) for steam turbine DER/CHP applications if a 

biomass market infrastructure were in place to harvest, prepare, and distribute the fuel to potential 

applications. 

 

The potential capacity for ADG and LFG (about 600 MW and 1 GW, respectively) is more near-term 

given todayôs current market infrastructure and equipment technology.  For ADG, the potential sites 

analyzed were larger (over 500 head) dairy and hog farms, as well as municipal and industrial wastewater 

treatment plants over 1 million gallons per day design capacity.  These lower limits are based on either 

certain waste treatment requirements or waste production levels as discussed in Section 2.  For landfills, 

the assumption here is that any site within a 2 mile radius of the landfill  is considered for a potential CHP 

plant, subject to the site demands for thermal and electrical energy.  The landfill analysis includes the cost 

of the CHP unit, as well as the piping to reach the site. 
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Figure ES-1. Overall Results by Fuel Type 

 

 

Figure ES-2 shows the total potential for opportunity fuels by size range.  The graph is dominated by 

large biomass gas and solid wood waste applications, especially those greater than 10 MW in size. Figure 

ES-3 shows only the potential for ADG and LFG, dominated by large (1-5 MW) landfill gas applications. 

 

 

Figure ES-2. Overall Results by DER Size Range 
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Figure ES-3. ADG and LFG Results by DER Size Range 

 

 

Figure ES-4 shows the results broken down by region, with the East North Central and South Atlantic 

region leading due to vast biomass resources at relatively low prices, a strong number of industrial 

customers, and favorable utility rates.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ES-4. Overall Results by Region 
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Figure ES-5 shows only the ADG and LFG results, led by landfills in the Pacific and East North Central 

regions.  Here, there are a large number of potential landfills, and numerous industrial establishments that 

could utilize the LFG to generate power on-site.  For ADG, the East North Central region offers the most 

promise, with several potential projects from municipal plants that already have anaerobic digesters.  The 

Pacific region also shows strong potential for ADG projects, with 60 MW from California dairy farms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure ES-5. ADG and LFG Results by Region 

 

 

Summary 
 

Of the 32 GW of potential found in opportunity fuels, only about 1.5 GW comes from landfill gas and 

anaerobic digester gas.  The overwhelming majority comes from biomass fuels.  However, these results 

depend on the widespread availability of biomass fuels and gasifier systems, and this has yet to occur.   

ADG and LFG projects, however, are being implemented in fairly large numbers throughout the country 

already, and can still play a significant role in the DER/CHP market for opportunity fuels until more 

robust biomass selling and trading infrastructures and mass-produced gasifier systems begin to develop.  

The overall results for all of the opportunity fuels evaluated are shown in Figure ES-7. 
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Figure ES-6. DER Potential by Fuel Type 
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1 
Introduction 
 

Distributed energy resources (DER) are energy resources that are distributed at or near the point of use.  

These include distributed generation as well as energy storage, and are typically smaller (under 50 MW) 

resources.  One of the most prevalent forms of distributed generation is combined heat and power (CHP), 

where distributed generation is used to generate power as well as provide useful thermal output. 

DER/CHP are thus smaller, distributed CHP units.  While DER/CHP units can be sited independently of 

the grid, most that are used regularly are interconnected with the grid so that they can receive 

supplementary and backup power from their local utility.  To date, most DER/CHP is fueled by natural 

gas, which has increased in price significantly over the past three years, and prices are projected to remain 

much higher than historical levels for many years (see Figure 1-1). 

 

Figure 1-1.  Historical and Projected Natural Gas Prices 

Source:  EIA and NYMEX 

 

 

Natural gas is not the only fuel option for DER/CHP ï opportunity fuels are another option that is often 

free or significantly less expensive than natural gas or other fossil fuels.  Their use is not, however, 

without challenges.  An opportunity fuel is defined in this report as any type of fuel that is not widely 

used, but has the potential to be an economically viable source of power generation.  Opportunity fuels 

are typically unconventional, and usually derived from some sort of waste or byproduct.  Most are inferior 

to conventional fossil fuels in some way, and often require significant fuel treatment.  However, the 

supply of fossil fuels is limited and their prices are becoming higher and more volatile.  Opportunity fuels 

can provide an inexpensive and reliable alternative. With increasing and volatile prices of fossil fuels, and 

the need for more environment-friendly energy sources, opportunity fuels are likely to gain in market 

acceptance.  Not every opportunity fuel is well suited for DER/CHP applications, but many are.  This 

report evaluates some of the more promising opportunity fuels that are well suited for DER/CHP and 

examines their potential market impacts. 
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Project Objectives 
 

The objectives of this project are to: 

 

¶ Identify potential DER/CHP opportunity fuels, 

¶ Research their availability and ability to be used in DER/CHP applications, 

¶ Examine DER/CHP technologies that can use these opportunity fuels, and 

¶ Perform a market assessment to determine the potential market for opportunity fueled DER/CHP 

applications. 

 

Approach 
 

The project employed a three-task approach to evaluate and analyze the opportunity fuels: 

 

Task 1 ï Collect Opportunity Fuels Information  
 

This task collected and summarized key opportunity fuel information. Existing relevant studies were 

collected and reviewed for valuable information. DER equipment manufacturers and other stakeholders 

were contacted and interviewed for their experience with the use of opportunity fuels.  Information on the 

quality characteristics of the available opportunity fuel sources, their potential suitability as a DER/CHP 

fuel for sites that are located on the grid, and their potential environmental implications was examined. 

Rough supply availability and cost estimates for each reasonably suitable and available opportunity fuel 

were also developed.  In concluding this task, the eight opportunity fuels most suitable for DER/CHP 

applications were chosen for further analysis.  

 

Task 2 ï Evaluate CHP Technology Options 
 

This task examined the CHP/ DG technologies that have successfully used opportunity fuels. The 

technologies considered include reciprocating engines, microturbines, combustion turbines, steam 

turbines (and associated boiler systems), fuel cells, and Sterling engines.  Other technologies that are 

required when using opportunity fuels, such as gasifiers, were also researched.  From these, a set of cost, 

performance, efficiency and emissions data was developed for each generator type consuming a particular 

opportunity fuel. 

 

For each CHP/DG technology, the following information was collected and analyzed: 

 

¶ History and Status.  The history of the technology is reviewed, and its current status in 

the marketplace is detailed. 

¶ Operation.  The operational methodology of the technology is described, along with a 

schematic diagram. 

¶ Emissions Controls.  Emissions and emissions control technologies are reviewed.  

¶ Efficiency.  Electric and overall efficiency are addressed.  

¶ Equipment Costs and Modifications for each Opportunity Fuel.  For each DG 

equipment/opportunity fuel combination, estimates of equipment capital costs, 

installation costs, and modification costs (new and retrofit) are presented. 

¶ Maintenance Costs and Issues with Opportunity Fuels.  Maintenance costs are 

discussed, maintenance issues for each opportunity fuel are identified, and associated 

costs are estimated. 

¶ Applications. Common applications (e.g., baseload power, CHP, peak shaving) are 

listed. 
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Task 3 ï Analyze Potential Market Impacts and Develop Recommendations 
 

In this task, the economic market potential for DER/CHP technologies was modeled by examining each 

combination of technology and opportunity fuel to determine where economically feasible applications 

have significant potential. The availability and potential for each opportunity fuel was analyzed to 

determine the 4 most promising opportunity fuels, and to determine inputs for The Distributed Power 

Economic Rationale Selection (DISPERSE) model, a proven tool that accurately projects the potential for 

different DER and CHP technologies, by market sector, application type, power size range, and state.  

This model takes into account the price and performance of DER technologies, utility-specific grid and 

natural gas prices, facility thermal and electric load profiles, and emissions regulations/permitting levels.  

 

This approach uses a four-step process to estimate the potential market for an on-site power generation 

technology (see Appendix B for more details).  After the market potential for each opportunity fuel was 

estimated, the results were analyzed, interpreted and presented, and conclusions were drawn. 

 

Report Organization 
 

Part I of this report is an introduction to the various opportunity fuels and DER/CHP technology options.  

The current status, technology, economics, market conditions and environmental issues associated with 

each fuel are discussed.  Availability, cost, and installed capacity data are also included where available.  

After each fuel has been analyzed, the eight opportunity fuels with the most DER/CHP potential are 

chosen for further evaluation.  Next, the prime mover technologies required to utilize these fuels are 

discussed, and cost estimates for both equipment and maintenance are made.  Following that, the 

availability and technical market potential of each fuel is analyzed in detail, and the current status and 

future outlook for each fuel is discussed.  From this, the top 5-6 opportunity fuels for DER/CHP 

applications are selected.   

 

Next, in Part II, the market potential analysis is presented.  This section focuses on the most promising 

fuels, and provides the potential market impacts, key segments, leading technology options, unit sizes, 

and other key information. 
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2 
The Opportunity Fuels 
 
An opportunity fuel is any type of fuel that is not widely used, but has the potential to be an economically 

viable source of power generation.  To assemble a list of potential opportunity fuels, an extensive 

literature search was conducted.  Biomass fuels, coalbed methane, petroleum coke and tire-derived fuel 

have been the subjects of various research studies, so these fuels topped the list of potential candidates.  A 

review of the most relevant literature on opportunity fuels can be found in Appendix A. As a result of this 

effort, over twenty opportunity fuels were identified as potential candidates for DER/CHP: 

 

¶ Anaerobic Digester Gas   ¶    Industrial VOCôs 

¶ Biomass Gas    ¶    Landfill Gas 

¶ Black Liquor    ¶    Municipal Solid Waste / Refuse Derived Fuel 

¶ Blast Furnace Gas    ¶    Orimulsion 

¶ Coalbead Methane    ¶    Sludge Waste 

¶ Coke (Coal and Petroleum)   ¶    Textile Waste 

¶ Coke Oven Gas    ¶    Tire Derived Fuel 

¶ Crop Residues    ¶    Wellhead Gas 

¶ Ethanol     ¶    Wood and Wood Waste 

¶ Food Processing Waste  

     

Most of the opportunity fuels can be divided into two categories: biomass fuels and industrial process 

waste or byproducts.  Biomass fuels can take on many different forms, but all of them are derived from 

the carbon-based materials present in living organisms.  There are six main types of solid biomass fuels: 

crop residues, farm waste, food processing waste, municipal solid waste, sludge waste, and wood/wood 

waste.  All of these fuels can be processed and combusted in a boiler/steam turbine configuration, some 

more easily than others.  Most of these potential fuels are found in dry form, with the exception of farm 

waste, sludge waste, and some types of food processing waste, which are moist fuels ideal for anaerobic 

digestion.  Black liquor, a byproduct of the pulping process, is also a moist biomass fuel, but it is usually 

directly burned in boilers or gasified due to its high heat content.   

 

From the six solid waste fuels, several liquid and gaseous biomass fuels can be formed, such as ethanol, 

biomass gas, landfill gas, and anaerobic digester gas.  Figure 2-1 illustrates the relationship between the 

different waste fuels, and how they can be used with DER/CHP technologies.   

 

The second largest group of opportunity fuels consists of waste and byproducts from industrial processes.  

Iron and steel mills, petroleum refineries, textile mills, and various industrial facilities produce waste and 

byproduct solids and gases that can be used as fuels.  There are six different opportunity fuels that can be 

obtained from industrial processes, and they are reviewed in the first chapter: 

 

¶ Blast Furnace Gas 

¶ Coal Coke 

¶ Coke Oven Gas 

¶ Industrial VOCôs 

¶ Petroleum Coke 

¶ Textile Waste 
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Figure 2-11. Flowchart of Biomass Fuels for DER/CHP Applications 

 

The third category of opportunity fuels is fossil fuel derivatives.  These fuels are byproducts derived from 

traditional fossil fuels, such as coal and natural gas.  While some of the industrial process fuels like 

petroleum coke may fall in this category as well, only coalbed methane and wellhead gas are derived 

directly from fossil fuel mining and drilling operations.  Both fuels have high heating values and are most 

commonly flared on-site when DER/CHP is not used.   

 

Finally, there are two opportunity fuels that are already being produced and sold, but for a very limited 

market.  Tire derived fuel is made from shredding and processing scrap tires, and it works nearly as well 

as coal for boiler fuel.  Still, tire derived fuel has only found acceptance in certain niche markets.  

Orimulsion is made from natural bitumen reserves found in Venezuelaôs Orinoco Belt.  The tar-like 

substance is emulsified in water and sold as a boiler fuel.  So far, however, the U.S. market for 

Orimulsion has been non-existent.   

 
Overall, there are 19 opportunity fuels to evaluate, when some of the similar fuels are combined.  The 

fuels will be examined in the following order: 

 

The Biomass Fuels 
 

1. Anaerobic Digester Gas 

2. Biomass Gas 

3. Black Liquor 

4. Crop Residues 

5. Ethanol 

6. Food Processing Waste 

7. Landfill Gas 
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8. Municipal Solid Waste (and Refuse Derived Fuel) 

9. Sludge Waste 

10. Wood and Wood Waste 

 

Industrial Process Waste and Byproducts 
 

1. Blast Furnace Gas 

2. Coke (Coal and Petroleum) 

3. Coke Oven Gas 

4. Industrial VOCôs 

5. Textile Waste 

 

Fossil Fuel Derivatives 
 

1. Coalbed Methane 

2. Wellhead Gas 

 

Processed Opportunity Fuels 
 

1. Orimulsion 

2. Tire Derived Fuel 

 

In this chapter, the current status, technologies, economics, market conditions and environmental issues 

associated with each fuel are discussed, and availability, cost and installed capacity data is provided when 

available. After all of these fuels have been analyzed, the eight opportunity fuels with the strongest 

potential for DER/CHP projects are chosen for further evaluation. 

 

The Biomass Fuels 
 
Biomass fuels, or biofuels, are defined as fuels made of organic material from a biological origin.  They 

consist of residues, waste, or byproducts derived from living (or once-living) organisms.  For this reason, 

biomass is considered a renewable source of energy.  It can be used as a solid fuel, converted into a 

liquid, or gasified.  Crop residues, food processing waste, and wood fuels are all considered biomass, as 

are farm waste, municipal solid waste and sludge waste.  Although farm wastes are not typically used as a 

solid fuel, they can be converted into ethanol or anaerobic digester gas.  The various paths that the six 

main solid biomass fuels can take are depicted in Figure 2-2 on the following page. 

 

In the United States, biomass fuels account for about 10 GW of electric capacity ï second only to 

hydropower for renewable fuels.
1
  Each year in the United States, biopower plants consume 60 million 

tons of biomass, generating 37 billion kilowatt-hours of electricity.
2
  Still, biomass may be the most 

underutilized energy resource.  Recent studies indicate that additional quantities of currently unused, but 

economically available, biomass could double the current installed capacity if utilized for fuel.
3
   

 

                                                      
1 Overview of Biomass Technologies.  United States Department of Energy ï Office of Efficiency and Renewable Energy.  May 

2006.  http://www1.eere.energy.gov/ba/pdfs/bio_overview.pdf  
2 Biomass Power. United States Department of Energy ï Office of Efficiency and Renewable Energy.  May 2006.  

http://www.eere.energy.gov/de/biomass_power.html  
3 Bioenergy: Technologies, Federal and State Incentives.  Environmental and Energy Study Institute.  May 2006.   

http://www.eesi.org/programs/Agriculture/bioenergy.htm 

http://www1.eere.energy.gov/ba/pdfs/bio_overview.pdf
http://www.eere.energy.gov/de/biomass_power.html
http://www.biomass.org/fact_sheet_2.htm
http://www.biomass.org/fact_sheet_2.htm
http://www.biomass.org/fact_sheet_2.htm
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Figure 2-12. The Biomass Fuels ï Individual fuel typ es are italicized 

 

According to the EIAôs study, ñBiomass for Electricity Generationò, there are an estimated 590 million 

wet tons (equivalent to 413 dry tons) of excess biomass available in the United States annually (not 

including MSW or sludge waste).  According to the report, only 20 million wet tons (equivalent to 14 dry 

tons, enough to supply 3 GW of electric capacity) would be available at a delivered price of $1.25 per 

million Btu (the average price of delivered coal) or lower.
4
  However, small (non-utility) users such as 

industrial facilities typically pay more than $1.25 (up to $2.50) per MMBtu for coal.  Thus, it appears that 

more biomass would be available at cost-effective levels for non-utility users than the EIA figures show.   

 
For biomass power producers, there are a number of incentives that may apply.  The national Renewable 

Energy Production Incentive (REPI), stemmed from the Energy Policy Act of 1992, helped several 

projects get underway.  The incentive provided a credit of 1.5 cents per kWh for biomass power 

producers, with the exception of municipal solid waste, but it was subject to annual congressional 

appropriations.  Unfortunately, the incentive expired in 2003 and has not been renewed.  For gaseous 

biomass fuels, the IRS Section 29 Tax Credit for unconventional fuels offers users a credit of about $1.00 

per MMBtu of energy produced, but many stipulations must be satisfied, so only a limited number of 

facilities would apply.  Many state governments also offer loans, grants, credits, or tax exemptions of 

some sort for those utilizing biomass power.  Nearly all biomass power production projects are covered 

under the Public Utility Regulatory Act (PURPA) as qualifying facilities and small power producers.  The 

act requires utilities to purchase any excess power generation, usually at their avoided cost, from facilities 

using renewable fuels or combined heat and power. 

 

The continued need for on-site industrial power, waste reduction, more environmentally favorable energy 

use, national energy security, and consumer demand for renewable energy can help fuel the biomass 

industryôs growth.  Cofiring solid biofuels with coal reduces emissions, and is an attractive option for coal 

plant operators in non-attainment areas.  Modifying boilers to burn 100 percent solid biomass fuel is also 

                                                      
4 Haq, Zia. Biomass for Electricity Generation. United States Department of Energy ï Energy Information Administration. May 

2006.  http://www.eia.doe.gov/oiaf/analysispaper/biomass/    
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an option, as is ethanol production from solid biomass feedstocks.  Biomass gas, whether obtained from 

an anaerobic digester, landfill or gasifier, is more likely to be used in DER/CHP applications than solid 

biomass fuels, and the implementation of biogas technologies is on the rise.  Overall, worldwide biomass 

power generation is expected to grow to at least 30 GW by 2020, more than double the current figure.
5
   

 

Anaerobic Digester Gas 
 

Anaerobic digester gas (ADG) is a gas recovered from the decomposition of organic material by bacteria 

in the absence of oxygen.  An anaerobic digester is a sealed, heated enclosure that provides a suitable 

environment for naturally occurring anaerobic bacteria to convert waste into methane gas. The source 

material can be wastewater (public sewage or industrial), animal manure, or other organic waste sludge.  

The bacteria consume the waste and break it down into a methane-based gas, in the process removing 

harmful constituents.  The gas produced by the bacteria, typically 50-80 percent methane and 20-50 

percent carbon dioxide, is usually flared and/or used as a heat source for the digester tank.  However, it 

has the potential to be a steady and reliable source of fuel.   

 

The process by which anaerobic digester gas is produced and treated is shown in Figure 2-3.  First, the 

organic sludge is stored, thickened and heated.  Then it enters the digester tank, where anaerobic bacteria 

consume the sludge and release a methane gas that is collected and treated to remove contaminants.  The 

treated gas can be fed to a prime mover to produce heat and electricity.  Some of the heat produced can be 

used to preheat the sludge. 

 

Anaerobic digester gas has a 

Btu content of about 600 

Btu/ft
3
 (60 percent that of 

natural gas).  Any of the 

typical DER/CHP 

technologies normally 

fueled by natural gas can be 

modified to run on 

anaerobic digester gas.  The 

most common ADG-fueled 

DER/CHP technologies are 

reciprocating engines, 

microturbines and fuel cells.  

Combustion turbines are 

used, but are typically too 

large and may require 

significant modifications 

where emissions regulations are tight.  Natural gas boilers in steam turbine systems can switch over to 

ADG with few modifications, but they are generally used only in larger applications.   

 

Current Status 
 

There are over 75,000 wastewater treatment plants (industrial and municipal) in the United States, 

although only about 5,000 currently contain anaerobic digesters.  Most industrial treatment plants use 

aerobic digestion, since it is the traditional method of treating organic wastewater streams, and most 

facilities already have aerobic systems in place.  Many smaller industrial plants simply send their 

wastewater to local municipal treatment facilities, which also mostly utilize aerobic digestion. The most 

                                                      
5 Ibid. 

GENSET 

Figure 2-13. The Anaerobic Digestion Process: Converting Waste to Energy 

Source: www.toshiba.co.jp/product/fc/fce/adg.htm 

http://www.toshiba.co.jp/product/fc/fce/adg.htm
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common industries for anaerobic wastewater treatment are food and beverage processing, pulp and paper, 

and petrochemicals.  While aerobic digesters are well established, anaerobic digesters offer many 

potential benefits to plant operators.  With anaerobic digestion, less solid waste remains, no power is 

required to aerate the wastewater, and recoverable energy is produced in the form of methane gas.  

However, the startup time for an anaerobic system is much greater, especially when the organic waste 

volume is low, so a steady, non-dilute stream of wastewater sludge is required for continuous operation.   

Because of this, anaerobic digesters are best suited for larger facilities with a relatively constant, high-

volume organic waste stream.
6
   

 

Only a small fraction of these treatment plants utilize their digester gas for energy.  Fuel cells operating 

on digester gas are a promising new application, having been successfully implemented at municipal 

treatment plants in Yonkers, NY, Boston Harbor, MA, and Portland, OR.  At least 35 more ADG fuel cell 

sites are being planned in New York and California alone.
7
   

 

Aside from wastewater treatment plants, some large animal farms in the United States utilize anaerobic 

digestion to treat waste manure.  Farms using anaerobic digesters to treat cow and pig waste produce less 

emissions and odors than conventional treatment methods, which usually let the waste decompose 

naturally and use the remains for fertilizer.  Several farms have recently turned to anaerobic digestion to 

treat their waste, and many of these farms benefit from on-site power production.  Currently, there are 

over 30 commercially successful animal waste methane biogas generators in the United States, and many 

more are in the planning processes.
8
 

                                                               

Economics and Market Considerations 
 

Anaerobic digester gas could conceivably be sold at the same rate as natural gas on a Btu-basis, but 

facilities are much more likely to use the gas for their own heat and power needs.  When a digester is 

already in place, treated ADG is a fuel source available to plant operators, and when one is not in place, 

many benefits other than power production can be seen.  ADG typically performs better than landfill gas, 

coke oven gas, and the other low-Btu gases, and can replace natural gas in almost any prime mover 

technology, although some equipment modifications may be required.  In addition, fuel treatment may be 

required to remove moisture, particulates, and other contaminants that could foul the prime mover.  This 

section examines the economics and market considerations for wastewater treatment plants and farms that 

could produce heat and power from anaerobic digester gas. 

 

Wastewater Treatment Plants 
 

There are at least 60,000 industrial and 16,000 publicly owned wastewater treatment plants in the United 

States.
9
  Municipal treatment plants can be found in almost every county and industrial plants are located 

throughout the U.S. in both rural and urban areas.  These industrial plants include breweries, distilleries, 

food and beverage processing facilities, pulp and paper mills, as well as other industries. Other large 

facilities, such as parks, prisons and schools, may treat their own wastewater instead of sending it to the 

municipal treatment plant.  Many wastewater treatment plants already employ anaerobic digesters, even if 

they do not produce electricity, since they are required by the EPA to at least collect and flare the methane 

                                                      
6
 Kleerebezem, Robbert and Herve Macarie.  ñProcess Wastewaters: Anaerobicôs Bigger Biteò.  Chemical Engineering.  April 

2003. 
7 Spiegel, R.J.  Fuel Cell Operation on Anaerobic Digester Gas.  Presentation Notes.  United States Department of Energy ï 

National Energy Technology Laboratory.  May 2006.  http://www.netl.doe.gov/publications/proceedings/01/hybrids/spiegel.pdf 
8 Methane Generators Turn Agricultural Waste into Energy.  California Agriculture, Volume 55, Number 5. September/October 

2001. 
9 New Technology from MagnaDrive Corp. Offers Dramatic Energy Savings to Water/Wastewater Treatment Industry.  

MagnaDrive News Releases..  May 2003.   http://www.magnadrive.com/news/news-121200.shtml  

http://www.netl.doe.gov/publications/proceedings/01/hybrids/spiegel.pdf
http://www.magnadrive.com/news/news-121200.shtml
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gas emitted from their sludge waste.  These plants would only need to install a genset and fuel treatment 

equipment where the gas is normally flared in order to begin producing power.   

For wastewater treatment plants with aerobic digesters, installing an anaerobic digester can provide many 

economic benefits.  Odor control is often the primary benefit.  In addition, less sludge waste is leftover 

from the anaerobic process, meaning less will have to be hauled to a landfill if it cannot be used as a soil 

amendment (farmers, gardeners and nurseries will often take sludge waste from treatment plants and use 

it as an organic amendment for their soil). In addition, no power is required to aerate the wastewater 

sludge, so all of the power produced from ADG can be used for the treatment plantôs needs.  Furthermore, 

plants producing their own power almost always pay less than they would to purchase power from a 

utility.  For wastewater treatment plants that do not currently utilize anaerobic digestion, installing a 

digester-generator combination will often produce positive economic results.  

 

Animal Farms 
 

Anaerobic digesters are sometimes used to treat manure and other organic waste from animal farms.  

Compared to other treatment methods, fewer emissions and odors are produced and less waste is left 

behind, but the cost of an anaerobic digester is often prohibitive for small and struggling farms.  This 

makes anaerobic digesters most attractive to large farms with heavy waste streams ï in addition, these 

farms are the ones with the highest power demand.  Each ton of animal waste yields substantial amounts 

of gas per digestion cycle, which lasts about one month when operating at 95
o
F. Most large commercial 

farms produce hundreds of tons of animal waste each year, and could generate much more power than 

what is demanded on-site.  

 

Recently, Environmental Power Corporation, through its subsidiary Microgy Cogeneration Systems, 

reached an agreement with Dairyland Power Cooperative to create a strategic alliance deploying animal 

waste to energy systems in Dairylandôs Midwest service territory. The proposed systems will produce up 

to 25 MW of electric capacity using Microgyôs proprietary anaerobic digestion technology. The biogas 

produced will be purchased by Dairyland for energy production, but most generators will be installed on-

site at the farms. This agreement is the first of its kind - most farms are not so lucky in finding a partner to 

purchase their excess gas and/or electricity. 

 

For many farms, the cost to obtain, operate and maintain a digester-generator system is not matched by 

the benefits they would gain using the electric and thermal output onsite. Thermal demand is usually too 

low to warrant a CHP unit, and electric demand on most farms is also fairly low.  If a farm qualified with 

the Public Utilities Regulatory Policy Act of 1978 as a small power-producing facility, it could sell excess 

electricity to the local utility.  Third party ownership agreements can sometimes be reached, similar to 

Microgy and Dairyland, although finding an interested third party may prove difficult.  Overall, the 

additional expenses of installation, the remote location of most farms, issues with grid interconnection 

and qualifying status, and difficulty in obtaining third party ownership keep all but a select few farms 

from being good candidates for DER/CHP projects. 

 

Environmental Issues 
 

Anaerobic digester gas can be considered a renewable source of energy, since waste is always being 

created.  Many state renewable portfolio standards (RPS) consider it a renewable source of energy.  

Anaerobic digesters reduce the odor, pathogens, water and air pollution associated with waste sludge.  

During combustion, carbon monoxide, nitrous oxides, organic compounds, and some dioxins are 

produced, but the formation of these pollutants can be minimized with a well-designed combustion 

process and emission control technologies. Anaerobic digesters can pose a potential safety risk, as they 

can pose an immediate threat to any human life that enters the container due to the high levels of 
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hydrogen sulfide and ammonia, especially since all oxygen is sealed out.  The container must be 

thoroughly cleaned and vented prior to entry. 

 

Availability, Cost, and Installed Capacity Data 
 

Availability: Anaerobic digester gas is made available from sources that utilize anaerobic digestion ï 

mostly some farms and wastewater treatment plants.  There are not many ADG-generator systems 

currently in operation; however, there is a strong potential for market growth.  There are over 75,000 

wastewater treatment plants in the United States, and while only a small fraction contain anaerobic 

digesters, many more of them could potentially benefit from ADG as a fuel.
10

 

 

Costs: An anaerobic digester consists of storage devices, a sealed tank, and gas collection and 

transportation equipment, and installation costs typically range from $900 to $1,500 per kW depending on 

the system.  The digester does require occasional cleaning and maintenance, costing about $0.001 to 

$0.003 per kWh.  However, many treatment plants and some farms already operate digesters because of 

odor control and solids reduction benefits.  These facilities only need to install a genset and gas treatment 

equipment to convert the flared gas into heat and electricity.  Almost any natural gas DER/CHP 

technology can be used, and usually only slight modifications are required.  Fuel treatment may be 

necessary to remove moisture, particulates, and other contaminants.  These systems can add $200-

400/kW, particularly for smaller gensets, if not already included with the genset package. 

 

Installed Capacity (Non-Utility):  Biomass gas (or biogas), which includes anaerobic digester gas, was 

accountable for 146 MW of U.S. electric capacity in the year 2003.
11

 

 

The Bottom Line 
 

Anaerobic digester gas is a promising opportunity fuel.  It is a good energy source for on-site power 

generation using reciprocating engines, fuel cells, or microturbines, and excess electricity can often be 

sold.  Most farms do not demand enough power to warrant a DER/CHP project based solely on their own 

consumption, unless partnership with a utility or third party is an option.  However, industrial and 

municipal wastewater treatment plants are very strong candidates for DER and CHP applications using 

ADG. 

 

Biomass Gas 
 

Biomass gas is the gaseous fuel obtained when any type of solid biomass is processed with a gasifier.  

Depending on the carbon and hydrogen content of the biomass and the gasifierôs properties, the heating 

value of the gas can range anywhere from 150 to 800 Btu/ft
3
 (15 to 80 percent that of natural gas)  Low-

Btu biomass gas is usually burned in boilers for steam and heat, although it is sometimes used for small 

on-site CHP operations.  These projects are only ideal for those producing low-quality biomass as waste, 

who otherwise might have to pay for its disposal.  This analysis will focus primarily on high-quality 

biomass gas that can be burned more efficiently in a wide range of DER/CHP applications, including 

reciprocating engines and combustion turbines. 

 

One characteristic that separates biomass gas from the other opportunity fuels (and the one thing that 

could potentially hinder its progress) is the required purchase of a gasifier.  Gasifier technology extracts 

volatile fuel vapors from biomass and leaves ash and other small particulates behind.  Biomass gas can 

                                                      
10 New Technology from MagnaDrive Corp. Offers Dramatic Energy Savings to Water/Wastewater Treatment Industry.  

MagnaDrive News Releases.  May 2006.   http://www.magnadrive.com/news/news-121200.shtml  
11 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2003. 

http://www.magnadrive.com/news/news-121200.shtml
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come from any of the biomass fuels ï crop residues, food processing waste, wood and wood waste are the 

primary sources of this fuel.   

 

Gasifiers make use of a process called pyrolysis, which releases the volatile components of a fuel at about 

1,000 
o
F via a series of complex reactions.  Biomass fuels are an ideal choice for pyrolysis, since they 

have so many volatile components (70-86%, on a dry basis, compared to coalôs 30%).
12

  In addition to 

pyrolysis, a second gasification process is often employed, converting the leftover char into a carbon gas 

using steam and/or combustion.  Because of this efficient conversion process, high quality biomass gas 

usually has a higher heat content than ADG, and can be used in existing gas engines and turbines.  With 

most gasifiers, about 80 percent of the volatile contents of a fuel are recovered, but new gasification 

systems have reached higher conversion efficiencies.  Small-scale gasifiers do not typically utilize the 

second step, so their gas is typically a low-to-medium-Btu (150-600 Btu/ft
3
, depending on the efficiency 

of the gasifier and the quality of the feedstock). 

 

The most efficient method of utilizing biomass gas is a combined cycle gasification system.   Steam from 

the secondary turbine is used in the gasification process to produce biomass gas for the primary 

combustion turbine (see Figure 2-4).  Similar gasifiers can be used to power reciprocating engines, but 

generally these systems are only cost-effective in large power applications because with smaller DER 

units, the relatively low power output would not justify the gasifierôs high capital cost (approximately 

$1,000/kW).  Cheaper and more simple (but less efficient) gasifier systems have been developed for 

smaller DER/CHP applications with low-quality wood waste fuels.  However, the low-Btu gas typically 

can only be used in boiler-steam turbine configurations.  In order to further develop the DER/CHP 

market, a higher quality biomass gas is necessary. 

 

 

Figure 2-14. A Combined Cycle Gasification System 

Source: www.eren.doe.gov/power/pdfs/bio_gasification.pdf 

                                                      
12 Biopower ï Projects ï Technologies ï Gasification. U.S. Department of Energy.  February 2003.  

http://www.eere.energy.gov/biopower/projects/ia_tech_gas1.htm  

http://www.eren.doe.gov/power/pdfs/bio_gasification.pdf
http://www.eere.energy.gov/biopower/projects/ia_tech_gas1.htm
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Current Status 

 
Biomass gas is not yet widely used as an energy source, because a cost-effective, efficient gasifier that 

produces high-quality gas has yet to be produced.  The capital cost for gasifiers is simply too high at this 

point. However, several companies, such as Taylor Recycling in New York, are working on proprietary 

gasification systems that may soon break the commercial barrier and impact the market.  Even still, with 

todayôs current gasifiers, the increased efficiency and energy output of a gasification system can offset the 

additional costs when compared to directly burning solid biomass fuels in a boiler-steam turbine 

configuration.  Also, biomass gas units produce much less NOx, CO2 and particulate matter than directly 

combusting the solid fuel. 

 

To date, biomass gasification systems have been used primarily with mill residue and crop residues, 

where plant owners have a free fuel source that would otherwise have to be disposed of.  Most of these 

applications consist of either large combined cycle turbines, or small heating applications with crude 

gasification systems.  While large applications have had some success with combined cycle units 

producing over 50 MW, their gasification systems are generally too expensive for DER/CHP.  Smaller 

units that produce low quality biomass gas (150-300 Btu/ft
3
) have proven successful in countries like 

India that lack fossil fuel resources, as well as some small heating applications with wood waste fuels, but 

the potential for DER/CHP with such low quality gas is limited.   

 

Currently the capital costs of gasifier systems are the biggest hindrance to their implementation, but as 

new gasification systems are developed, the efficiencies will continue to increase and the costs will be 

driven down.  Government initiatives and the rising cost of fossil fuels will also contribute to the 

development of future biomass gas applications. 

 

Economics and Market Considerations 
 

Gasifier technology adds considerably to the installed cost of any power generation system.  When all gas 

cleaning equipment and installation costs are considered, gasifiers cost about $1,000 per kW to obtain in 

the 5-50 MW range.  In the near future, the cost is expected to lower to around $600 per kW, but this is 

still a significant hurdle.
13

 Facilities that have justified the cost of a gasifier are typically large (over 40 

MW) ï small biomass gasification systems are typically not economical.  While CHP systems under 20 

MW can be beneficial in applications with a free fuel source, larger systems are have proven themselves 

to be more cost-effective. 

 

The main market for biomass gas at its current state is large industrial applications, utilities, and facilities 

with a local or on-site biomass source.  The cost to obtain solid biomass is often high compared to coal 

and other fossil fuels.  To help facilitate this problem, the Federal government has developed programs 

such as REPI that provide financial incentives and operating cost reductions to biomass fuel users.  

However, this program expired in 2003.  State loans, grants, credits and tax exemptions are also available 

in some areas.  Still, the combined capital cost of a gasifier and recurring cost of fuel purchases will stop 

many potential biomass gas projects from getting off the ground. 

 

In order for biomass gas to become a serious contender in the DER/CHP market, either the cost of 

gasification systems must fall, or there will need to be a dramatic decline in the cost of biomass fuels (via 

collecting and trading infrastructures, or in comparison with a severely increased fossil fuel cost).  Until 

                                                      
13 Gasification-Based Biomass.  U.S. Department of Energy.  May 2006.  

http://www1.eere.energy.gov/ba/pdfs/bio_gasification.pdf  

http://www1.eere.energy.gov/ba/pdfs/bio_gasification.pdf


Combined Heat and Power Market Potential for Opportunity Fuels 

2-11 

then, DER/CHP applications will only be suitable for niche applications in industries where biomass is 

either produced as a waste product or can be obtained for a very cheap price. 

 

Environmental Issues  
 

Biomass gas, when produced from an efficient, state-of-the-art gasifier, burns just as cleanly as natural 

gas.  In addition, the next crop of trees utilized for fuel will utilize the carbon dioxide emissions produced 

from burning the gas, with an offsetting effect.  The particulates and contaminants of biomass gas will 

change depending on the quality and type of gasifier used, and the feedstock utilized ï some types of 

biomass produce a great deal of tar that must be removed.  Simple filters will usually suffice for gas 

cleaning, but control technologies may be required for NOx emissions in non-attainment areas. 

 

Availability, Cost, and Installed Capacity Data 
 

Availability: There is an estimated 400 million dry tons of biomass available for fuel in the United 

States.
14

  Only a small fraction of this biomass, however, can be obtained at a market-clearing price of 

less than about $20-$25 per dry ton. 

 

Costs: Biomass generally costs about $30-$35 per dry ton to obtain (transportation included), which 

translates to about $2.00 per million Btu for the solid fuel.
15

  Gasifiers are expensive, on the order of 

$1,000 per kW, plus another $100-$200 per kW for installation (and additional maintenance costs of 

0.001-0.003 cents/kWh).
16

 

 

Installed Capacity (Non-Utility): Biomass gas was accountable for 146 MW of U.S. installed in the year 

2003, although that figure also includes anaerobic digester gas.
17

 

 

The Bottom Line 
 

While high-efficiency combined cycle gasification systems have proven themselves cost-effective in 

some large utility-scale operations, biomass gas is not very suitable for small CHP applications.  Because 

the cost of a gasifier is so high, the power output and efficiency must be high enough to cover that cost; 

either that or the biomass fuel must be obtained at a very cheap price.  However, the available resources 

and corresponding technical potential for biomass gas is unparalleled, since it can use nearly any type of 

biomass (crop residues, food processing waste, MSW, wood and wood waste) for fuel.  This study will 

consider Biomass gas for further analysis, to see how it competes with other opportunity fuels in the sub-

50 MW range, and to see what cost parameters are required for it to break into the market. 

 

Black Liquor 
 

Black liquor is a byproduct of the pulping process used to produce pulp for paper.  During pulping, wood 

fibers are separated and treated to produce a pulp, which is then converted into paper.  With chemical 

pulping, the lignin in wood is dissolved in a digester, which separates the fibers and creates black liquor, a 

tar-like substance, as a waste product.  Black liquor is an organic material consisting mainly of carbon, 

oxygen and sodium, and can be collected and used as a fuel to generate heat and power. 

                                                      
14 Haq, Zia. Biomass for Electricity Generation. United States Department of Energy ï Energy Information Administration. May 

2006.  http://www.eia.doe.gov/oiaf/analysispaper/biomass/index.html  
15 Biomass Feedstock Availability in the United States: 1999 State Level Analysis.  United States Department of Energy - Oak 

Ridge National Laboratory.  May 2006.  http://bioenergy.ornl.gov/resourcedata/index.html  
16 Biopower: Biomass Gasification ï Commercialization and Development: The Combined Heat and Power Option.  World Wide 

Web. February 2004.  http://www.eere.energy.gov/biopower/bplib/library/ligascd.htm 
17 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2003. 

http://www.eia.doe.gov/oiaf/analysispaper/biomass/index.html
http://bioenergy.ornl.gov/resourcedata/index.html
http://www.eere.energy.gov/biopower/bplib/library/ligascd.htm
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Black liquor is usually incinerated in special recovery boilers that recover any remaining chemicals and 

generate heat, steam, and electricity for the pulp or paper mill.  Boilers designed for fuel oil and coal can 

be modified to accommodate black liquor.  Gasification is another option, which produces a fuel gas that 

can power a gas turbine with a relatively high efficiency. Although gasification-systems burn cleaner and 

achieve higher efficiencies, their capital cost is also much higher. 

 

Current Status 
 

For CHP gensets larger than 1 MW in size, black liquor accounts for more thermal output than any fuel 

besides natural gas.
18

  This is due to the widespread use of black liquor for generating heat and power at 

paper mills.  Most pulp and paper mills utilize their black liquor to generate additional heat for the plant.  

Some mills also produce electricity, and sell excess power to a local company or power utility.  Excess 

black liquor can be sold as a fuel if there is a nearby market, but almost always it is used at the mill. 

 

Economics and Market Considerations 
 

Most pulp and paper mills use all of their black liquor to provide for onsite heat and power needs. While 

excess black liquor is available, its scarcity and the lack of a supporting distribution infrastructure, keep 

the fuel from being a serious candidate for outside markets.  In general, black liquor energy is limited to 

pulp and paper mills, and possibly their surrounding facilities. 

 

Environmental Issues 
 

Black liquor, which comes from the pulp and paper derived from trees, can be considered a renewable 

resource.  Black liquor contains some sulfur and small amounts of nitrogen, so SOx and NOx emissions 

are potential concerns with using this fuel for DER/CHP.  Emission control technologies may be needed 

in some areas. 

 
Availability, Cost, and Installed Capacity Data 
 

Availability and Cost: Black liquor is produced at paper mills with pulping operations, but the majority is 

already used as an energy source by the mills themselves.  The amount of excess black liquor produced at 

these mills is inconsequential.  It is rarely sold for outside consumption. 

 

Installed Capacity (Non-Utility):  Black liquor accounted for 3.7 GW of U.S. electric capacity in the year 

2003.
19

  However, it is mostly utilized in thermal applications 

 

The Bottom Line 
 

Black liquor is a proven opportunity fuel, already extensively used by pulp and paper mills, especially for 

steam generation.  If a market were to develop, it could potentially be sold as an alternative boiler fuel.  

However, pulp and paper mills already utilize most of their black liquor, and the cost of collecting and 

transporting the fuel would likely eliminate any potential benefits.   

 

 

 

                                                      
18 Ibid. 
19 Ibid. 
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Crop Residues 
 

Crop residues are materials that remain after crops have been harvested and/or processed.  Bagasse (sugar 

cane residue), rice hulls, rice straw, wheat straw, nutshells, and prunings from orchards and vineyards are 

all considered crop residues.  They all have the potential to generate power, with an energy content 

ranging from 2,500 to 4,000 Btu per pound when the crop is wet (6,000-9,000 Btu per pound, dry).  Crop 

residues are produced in abundance on nearly every farm in the U.S. 

 

When used as a fuel, crop residues are most often burned in boilers to create steam, although sometimes 

the residues are gasified.  Existing coal boilers can be converted to burn solid crop-residue fuel in cofiring 

blends with few necessary modifications.  Cofiring with coal is a common practice that increases the 

plantôs net heat rate and decreases SOx and NOx emissions.  Crop residues can also be used as a primary 

fuel, but a coal-fired boiler would require many modifications and adjustments.  As with most steam 

turbine applications, crop residues are better suited for large industrial or utility operations, and as with 

most solid biomass fuels, cofiring with coal is usually the most attractive option. 

 

Current Status 
 

Due to high moisture content, varying ability, and 

relatively high costs, crop residues are not a viable 

fuel alternative for most DER/CHP applications.  

They provide only five percent (575 MW) of all 

biomass electricity generated in the United States.  

Bagasse accounts for nearly half of this number 

(255 MW).
20

 Crop residue fuels are generally only 

favorable is when the prime mover is located 

reasonably close to the site of crop production, 

and when the collection of residues can be 

incorporated into farm operation.  Otherwise, the 

cost of collecting and transporting the residues can 

be too high.  

 

Economics and Market Considerations 
 

Due to the high costs associated with collecting and 

transporting crop residues, their market price is often considerably higher than fossil fuels.  There are 

large variations in price depending on crop availability and region.  Most areas do not have an 

infrastructure for gathering, brokering and shipping crop residues.  The Federal government has initiated 

programs in the past to provide financial incentives and operating cost reductions to crop residue users, 

although these federal incentives have expired.  However, state loans, grants, credits and tax exemptions 

are available in some areas. 

 

At the present time, there is no market for trading crop residues for use as a fuel.  The availability and 

quality of the residues are highly regional.  Some contractual relationships exist to purchase crop wastes 

for fuel in certain areas, but they are very limited.  Seasonality, including possible floods and droughts, is 

another issue that can affect availability and quality.  In order for a market to exist, there must be an 

efficient and established system of gathering, brokering and transporting the crop residue fuels.  

                                                      
20 U.S. Department of Energy National Renewable Energy Laboratory.  Profiles in Renewable Energy ï Case Studies of 

Successful Utility-Sector Projects.  Washington, D.C., August 1994. www.nrelinfo.nrel.gov/documents/profiles.html 

Figure 2-15. Crops - almost any type of crop 

produces residues that can be used as a fuel 

http://www.nrelinfo.nrel.gov/documents/profiles.html
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Dedicated energy crops (crops grown specifically for the production of crop residue as a fuel) would 

likely be required for such a market to be maintained.  Currently, no such infrastructure exists. 

 

Environmental Issues 
 

Using crop residues as a fuel is beneficial to the environment.  The controlled burning of crop residues for 

power generation removes up to 98 percent of emissions that occur in an uncontrolled, open burn (many 

farmers burn their crop residues as waste).  Like most biomass fuels, utilizing crop residues recycles 

carbon in a closed loop, so the result is no increase in carbon dioxide emitted.  The sulfur and nitrogen 

content in crop residues is much lower than in coal, so coal-fired plants would benefit from cofiring, and 

the ash content for most crop residues is very low. 

 

Availability, Cost, and Installed Capacity Data 
 

Availability: An estimated 150,651,000 dry tons of crop residues are available for fuel use in the United 

States each year.
21

 

 

Costs: Usually crop residues cost between $30 and $45 per dry ton to obtain (averaging about $2.25 per 

MMBtu, delivered), and modifications to existing equipment may be required.
22

  According to EIA, coal 

costs between $1.25 and $2.50 per MMBtu for manufacturing facilities to obtain, so some crop residues 

may be competitive with coal when comparing the delivered price. 

 

Installed Capacity (Non-Utility):  Crop residue accounted for 344 MW of electric capacity in the year 

2003.
23

 

 

The Bottom Line 
 

The lack of a market infrastructure along with high collection and transportation costs limit the use of 

crop residues to cofiring applications and regional use.  

 

Ethanol 
 

Ethanol is a liquid fuel produced from the fermentation of wood waste, crop residues, farm wastes, and 

other biomass fuels.  While ethanolôs most common use is in alcoholic beverages and cleaning solutions, 

it has also been used to power various vehicles, modified diesel gensets, and steam turbine systems.  In 

addition, it has recently been used extensively an additive for gasoline in vehicles, making them burn at a 

higher octane with fewer emissions.  Ethanol is also being considered for powering fuel cells in future 

designs and applications.  Because it is a liquid fuel, it is easily transported, and power generation with 

ethanol is more environment-friendly than combusting solid biomass fuels. 

 

Current Status 
 

Ethanol is not widely used for stationary power production.  Its largest use as a fuel comes from being 

blended with gasoline and diesel fuels for vehicle engines.  Some vehicles have been designed to run on 

100 percent ethanol, and some diesel engines have been converted to run on the fuel, but its use as a 

                                                      
21 Biomass Feedstock Availability in the United States: 1999 State Level Analysis.  United States Department of Energy - Oak 

Ridge National Laboratory.  May 2006.  http://bioenergy.ornl.gov/resourcedata/index.html 
22 Ibid. 
23 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2003. 
 

http://bioenergy.ornl.gov/resourcedata/index.html
http://bioenergy.ornl.gov/resourcedata/index.html
http://bioenergy.ornl.gov/resourcedata/index.html
http://bioenergy.ornl.gov/resourcedata/index.html
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stand-alone fuel has been very limited so far.  While ethanol burns cleaner than gasoline and diesel fuels, 

and its domestic production provides more energy security, it is still substantially more expensive than 

these fuels, which is the major hindrance to its success. 

 

Still, ethanol is believed by many to be the best present choice to provide energy to fuel cells, as it has 

demonstrated fewer emissions, higher efficiencies and better performance than any other fuel besides pure 

hydrogen.  And unlike hydrogen, ethanol is readily available and much of the required infrastructure is 

already set in place (gasoline pumps and pipelines can easily be converted to ethanol).  While most of the 

present research is focused on mixed fuels and vehicular applications, ethanol would also make an ideal 

fuel for certain DER and CHP operations.   

 

Economics and Market Considerations 
 

Ethanol is mostly produced from corn crop residues in the Midwest, but it can come from a number of 

different biomass sources.  The overall cost to produce ethanol is not very high, since fermentation is a 

relatively simple process, although the biomass feedstocks can be expensive to obtain, and a good amount 

of energy is required.  The cost to transport ethanol is much lower than solid fuels, but pipelines may have 

to be constructed or modified.  Compared to solid biomass fuels, emissions are lower and efficiency is 

higher, and both of these are money-saving characteristics.  Major equipment modifications may be 

required, however, for existing prime movers to run on liquid ethanol fuels.  Maintenance costs, on the 

other hand, should not significantly increase. 

 

Currently ethanol fuel research and development is highly focused on the transportation industry.  This is 

the only area for which the government has provided support.  Most of the work going into ethanol comes 

from fuel blends where ethanol is mixed with gasoline or diesel fuel, so that it may work in existing 

vehicle engines without necessary modifications.  In addition, the work going into ethanol-powered fuel 

cells (where 100 percent ethanol is used) is also primarily focused on vehicular applications.  Until more 

attention is focused on ethanol as a stand-alone fuel for stationary power generators, its market potential 

as an opportunity fuel will be limited. 

 

Environmental Issues 
 

Ethanol is a renewable source of energy.  When burned for fuel, ethanol produces fewer emissions than 

fossil fuels in every significant category (NOx, SOx, CO2, CO, VOCs, particulates).  Some SOx  

compounds are created when blending ethanol with gasoline, but this is not an issue for stationary power 

production.  No emission controls should be required for ethanol-powered gensets.   

 

Availability, Cost, and Installed Capacity Data 
 

Availability: While ethanol fuel is not readily available for immediate use, almost any type of biomass 

can be converted into the liquid fuel through fermentation.  There are over 500 million wet tons of 

biomass available each year, although only a fraction can be obtained at a market-clearing price. 

 

Cost: Biomass fuels can be expensive to obtain (typically ranging from $20-$50 per ton and $1.25-$4.00 

per MMBtu), so ethanol is best produced on-site or nearby farms and processing facilities, where biomass 

can be obtained at a relatively cheap price.  The cost to obtain and maintain fermentation equipment can 

also be high. Processed ethanol is generally more expensive than diesel fuel and gasoline. 

 

Installed Capacity: The current installed capacity for ethanol in stationary power generators is minimal. 
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The Bottom Line 
 

Ethanol could have potential as an opportunity fuel, but there are three factors impeding its use for 

DER/CHP: 1) the cost of biomass fuels, 2) the energy and costs associated with fermentation, and 3) the 

focus on mixed ethanol-gasoline and ethanol-diesel blends for automotive purposes.  Aside from these 

drawbacks, ethanol makes a promising opportunity fuel for fuel cells and certain steam turbine and 

reciprocating engine applications.  However, the cost to obtain ethanol varies greatly depending on 

application and location, and not much research has been accomplished using 100 percent ethanol fuel for 

stationary power generation.  Its future as an opportunity fuel for DER/CHP remains uncertain, but it will 

likely have more success in the transportation industry, where most of its current research efforts lie. 

 

Food Processing Waste 
 

Food processing waste (FPW) consists of any wastes generated in the food processing industry that can 

be used for fuel.  Potato waste, cheese whey wastes, fruit pits, leftover sludge, and other energy-rich 

wastes can all be converted into a solid biomass fuel.  The waste can be dried and cut into chips to be 

fired in a boiler (similar to coal). Cofiring is usually preferred, as it reduces the emissions in a coal-fired 

plant and no boiler modifications are necessary.  To create a gaseous fuel, anaerobic digestion can be used 

ï the food waste is stored in an oxygen-deprived tank, where anaerobic bacteria consume it and release a 

methane gas.  Gasification can also be utilized, but only with dry FPW.  To create a liquid fuel, certain 

food wastes can be fermented and turned into ethanol.  Some new technologies are capable of extracting 

the ethanol from the waste and using the liquid fuel to generate power.  Different types of wastes will 

produce different types of fuel, and even the same food waste can be used in very different ways, which 

makes it hard to categorize certain characteristics of food processing waste as a fuel.  In this section, only 

solid food processing waste is considered (see ADG, Biomass Gas, and Ethanol for information on its 

gaseous and liquid forms). 

 

Current Status 
 

Aside from a handful of food processing facilities and certain research projects, solid food processing 

waste is not generally used as a fuel for DER/CHP projects. Despite its many potential benefits, FPW has 

yet to gain widespread acceptance or appeal.  One problem is that currently most FPW is disposed as 

industrial wastewater and discharged to the local treatment plant.  Another problem is the varying 

characteristics and properties of different types of FPW, making it hard to consolidate into a consistent 

source of fuel.  Still, certain waste streams would make ideal fuel sources for the plants that produce 

them, and there could be a good amount of potential in the large industry of food processing. 

 

Economics and Market Considerations 
 

Food processing waste utilization can significantly reduce fuel costs for food processing facilities.  While 

some processing costs may be incurred in drying and cutting the waste into chips, FPW is essentially a 

free fuel source for the food processing industry.  Federal and state government incentives may be offered 

to users of the fuel, and cofiring is a cost-saving option for those already utilizing a coal-fired boiler.   

 

There is virtually no market for food processing wastes as a fuel, except for in the food processing 

industry.  It is environment-friendly and performs fairly well when processed, but due to the large 

variations in the types of waste and fuels produced, and the lack of a distribution infrastructure, it would 

be difficult to produce a consistent quality product on a large scale.  It is possible that nearby plants may 

want to purchase the waste for cofiring in a coal-fired boiler or some other application.  If so, the waste 

would sell for about the same rate as coal on a Btu-basis.   
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Environmental Issues 
 

Food processing waste is a renewable energy source.  The fuel usually burns cleaner than fossil fuels and 

can perform nearly as well as coal in its solid state.  When ethanol is produced, it burns cleaner than 

natural gas or diesel and performs nearly as well.  When FPW is gasified, the release of methane gas is 

prevented, and the waste left behind makes an excellent fertilizer.  There are few negative environmental 

impacts of using food processing waste as a fuel. 

 

Availability, Cost, and Installed Capacity Data 
 

Availability: There is large surplus of food processing waste created every year.  Fruit pits, nutshells, oat 

hulls, and other forms of food waste are produced in abundance, but they are rarely used as a fuel, so 

there is a large market among food producers. 

 

Costs: If the fuel is sold as a solid, the price would be competitive with coal on a Btu basis ($1.25 to 

$2.50 per MMBtu, delivered).  Transportation costs would add about $10.00 per ton, per 50 miles.  Some 

minor boiler equipment modifications may be necessary.   

 

Installed Capacity: Unknown, but it is believed that the current installed capacity is minimal. 

 

The Bottom Line 
 

Food processing wastes can produce a high quality and clean-burning fuel for a relatively low price, but 

the wide variety in the waste and fuel types and the lack of a market infrastructure prevents its widespread 

use.  Food processing waste can come from a variety of sources, and utilize a number of different 

generation technologies.  Potential candidates are hard to generalize and must be evaluated on a case-by-

case basis.  

 

Landfill Gas 
 

Landfill gas (LFG) is gas created by the decomposition of landfill waste, which is essentially an anaerobic 

digestion process.  Accordingly, the gas is similar to ADG, containing about 50 percent methane and just 

under 50 percent carbon dioxide. In the past, LFG was simply collected and flared, but now many 

landfills are taking advantage of their waste gas, using it to produce heat and power.  This cuts down on 

methane emissions and can potentially generate revenue for the landfill.  In general, 1 million tons of 

municipal solid waste produces 300 cubic foot per minute of landfill gas that could generate 7,000,000 

kWh of electricity per year, enough to power 700 homes.
24

  Most of the candidates for LFG projects have 

more than 1 million tons of waste in place. 

   

Developers such as INGENCO and Granger Electric/Energy typically purchase the rights a landfillôs gas, 

transport it to a spot where a genset can interconnect with the power grid, and sell the electricity to a third 

party or utility for 4-6 cents per kWh.  Sometimes landfills will act as developers themselves, and 

sometimes the gas is directly pipelined to the facility where it will be used. 

 

Landfill gas is similar to natural gas, but with a smaller percentage of methane and much more carbon 

dioxide.  The Btu content of landfill gas (~500 Btu/ft
3
) is about half that of natural gas, but it can still 

generate a substantial amount of power, and only minor modifications and increased maintenance are 

                                                      
24 United States Environmental Protection Agency ï Landfill Methane Outreach Program.  May 2006.  

http://www.epa.gov/lmop/index.htm 

http://www.epa.gov/lmop/index.htm
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required for existing equipment.  Most LFG to energy applications utilize reciprocating engines in non-

attainment areas where emissions are not an issue.  In other cases, microturbines are sometimes used. 

 

Current Status 
 

Of the estimated 6,000 landfills in the United States, of which at least 2,500 are active, only about 315 

currently utilize their landfill gas for electric power, whit another 100 or so utilizing it for thermal 

applications.  Many more landfills are in the planning process for LFG-to-energy projects, and at least 

600 have been identified to have strong project potential.
25

  The EPA is encouraging the use of LFG to 

generate power through the Landfill Methane Outreach Program, which provides assistance and 

incentives to LFG-to-energy projects.  With many of these projects, a third party developer pays for the 

rights to the landfill gas.  They have the choice of maintaining a genset at the landfill site (and 

transporting the electricity to their facility) or pipelining the gas to their facility and using it in a 

DER/CHP application.  For facilities within a 2-5 mile radius of the landfill site, the latter option is 

usually chosen. 

 

Economics and Market Considerations 
 

When it is sold, processed LFG sells for roughly the same price as natural gas on a per Btu basis, 

although the Federal government (through REPI) sometimes offers a tax credit of approximately $1.00 for 

every MMBtu of energy produced UPDATE, and will help finance nearly any LFG-to-energy project.  

State governments often provide financial incentives as well. However, the market for LFG is generally 

limited to either the areas immediately surrounding landfills, or facilities that are interconnected to the 

power grid.  Landfills are typically built far from commercial and residential locations.  In addition, when 

the gas is pipelined, odor can be a concern if power generation does not occur on-site.  As such, landfill 

gas CHP units are usually limited to nearby industrial operations, or more commonly, electricity 

wholesale applications.  Despite the high initial cost, some LFG-to-energy projects with pipelines as long 

as ten miles have become profitable DER/CHP operations, thanks mostly to state government incentives 

and financing.   

 

Some projects have been structured around a third party developer who wants to produce electricity at the 

landfill and transport it to their site.  With these projects, the developer is often responsible for operating 

and maintaining the power generator at the landfill site. Electricity generated is sold for 4-6 cents per 

kWh, enough to provide developers with a small profit margin.  Landfills can also use their gas to meet 

their own heat and power needs, selling any excess electricity to the local utility, and many landfills have 

benefited from this practice.   

 

Environmental Issues 
 

Using landfill gas as a fuel is beneficial to the environment since it reduces the release of methane and 

carbon dioxide into the atmosphere (as opposed to flaring).  According to the EPA, utilizing 1 million 

tons of waste for landfill gas energy has the same greenhouse gas impact as planting 8,300 acres of 

trees.
26

 LFG utilization also reduces unpleasant odors and explosion threats from landfills.  Although not 

renewable in the classic sense of the word, LFG is often considered a renewable energy source by states 

and their RPS programs since garbage consists mostly of biomass and is always being created.  

Combustion of landfill gas for energy does produce some emissions, but they can be treated with 

available emission control technologies. 

 

                                                      
25 Ibid. 
26 Ibid. 
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Figure 2-16. Municipal Solid Waste - the 

source of MSW and LFG fuels 

Availability, Cost, and Installed Capacity Data 
 

Availability: Out of the 5,000-plus landfills in the United States, there are only about 340 sites using LFG 

for energy, and about 600 more have been identified as strong candidates for LFG projects.
27

  

 

Costs: When landfill gas is sold, it is usually sold on a comparable price as natural gas on a per Btu basis 

(minus transmission and delivery costs).  Gas collection and transport to the genset is almost always 

already in place since large landfills are required to collect and flare their gas.  The only costs for onsite 

use, then, are associated with the genset and its maintenance. Pipelines and/or electric distribution lines 

would add to the cost. 

 

Installed Capacity (Non-Utility):  Landfill gas accounted for 951 MW of electric capacity in 2003.
28

 

 

The Bottom Line 
 

Landfill gas can be an attractive energy source for landfills or nearby facilities that are large enough to 

employ the majority of the gas produced.  While the quality is not as high as natural gas, using it 

conserves natural resources and is beneficial to the environment.  

 
Municipal Solid Waste and Refuse Derived Fuel 
 

Municipal solid waste (MSW) is commonly referred to as trash or garbage. It is normally collected at 

landfills and can consist of any type of refuse. The section on landfill gas describes how MSW is 

naturally converted into a gaseous fuel.  In some areas, however, MSW is dried and combusted in high 

temperature boilers to generate steam and electricity.    However, a great deal of drying, cleaning, and 

emission controls must be applied to the waste before it is ready to incinerate.  Recently, some collection 

sites have begun producing Refuse Derived Fuel (RDF), 

which is MSW that has been thoroughly sorted so that 

only energy-producing components remain.  This fuel can 

either be burned in boilers or gasified, and it performs 

better than MSW, but it costs money to produce. 

 

Major modifications must be made to existing coal-fired 

boilers if MSW is to be used as a substitute.  The heating 

value of MSW averages less than 5,000 Btu/lb so much 

more ash and residue are left behind than coal, whose 

heating value is more than three times as high.  Using a 

stoker-type boiler to incinerate the waste is usually the 

best choice, since they can burn MSW with the fewest 

modifications.  Pollution control technologies, such as 

scrubbers, reduce toxic substances such as NOx in the 

emissions by neutralizing acid gases.  Filters are also 

employed to remove particulates and magnets are used to 

remove metal from the waste.  Refuse derived fuel is 

handled more easily since most of the undesirable 

components have been removed prior to combustion. 

 

                                                      
27 Ibid. 
28 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2003. 
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Recently, United Technologies Research Center compiled a report on biomass gasification using RDF.  

Overall, the findings were very positive, and the researchers were able to employ a low-cost garbage 

collection, preparation, and gasification system that powered an advanced 85 MW combined cycle gas 

turbine.
29

  This was only an analytic study, however, and this type of installation would fall under the 

category of biomass gas, which is considered a separate opportunity fuel (see Biomass Gas). 

 

Current Status 
 

In the United States, over 200 million tons of municipal solid waste is produced each year.  MSW is the 

second largest biomass fuel source in the United States, behind wood-based fuels, producing 2.6 GW of 

power each year.  Most of this energy comes from projects started in the 1970ôs, because of the oil 

embargo and worries about environmental pollutants from dumps and landfills.  Baltimore and 

Montgomery Countyôs 60 MW waste-to-energy facilities in Maryland are examples of MSW projects still 

operating.  However, the combination of large new landfills and the EPAôs backing of LFG have slowed 

down solid waste to energy projects, and most older projects have been shut down. The use of MSW as a 

fuel will likely decrease in the near future, as RDF gasification and LFG provide cleaner and more 

efficient alternatives for turning waste to energy. 

 

Economics and Market Considerations 
 

Because MSW is a solid fuel, it cannot be transported through pipelines or stored in pressure vessels.  The 

heat content of the fuel is extremely low, so transportation can be very expensive.  Because of this, MSW 

and RDF projects are best implemented at garbage collection sites, or at nearby facilities.  Emission 

control technologies can be costly, but some state governments offer incentives for using MSW as a fuel. 

Excess electricity generated from MSW and RDF can be sold to nearby utilities or consumers.  However, 

LFG projects are generally more efficient and profitable.    

     

Municipal solid waste is not an ideal fuel source.  The quality is unpredictable, and emissions can be high 

because of various components found in the waste. In general, solid MSW is an inferior fuel to landfill 

gas, which has become the preferred method of burning waste methane.  Refuse derived fuel may be 

cleaner and offer better combustibility than MSW, but new gasification systems being developed would 

outperform the fuel in its solid form. 

                           

Environmental Issues 
 

Although not renewable in the traditional sense of the word, municipal solid waste can be considered a 

renewable energy source since trash is always being created and has a high biomass concentration.  

Incinerating MSW reduces the amount of waste by up to 90 percent in volume and 75 percent in weight.
30 

 

While many pollutants may be produced during combustion, scrubbers and other pollution control 

technologies reduce the toxic materials that are emitted.   

 

Availability, Cost, and Installed Capacity Data 
 

Availability: Over 200 million tons of municipal solid waste is produced each year in the United States 

alone.
31 

 Municipal solid waste is available at any of the thousands of landfills located in the U.S., but it is 

                                                      
29

 Liscinsky, David. Biomass Gasification and Power Generation Using Advanced Gas Turbine Systems, Final 

Report October 2002. United Technologies Research Center. October 2002. 
30 Ibid. 
31 Ibid. 
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rarely used as a fuel.  Landfill gas utilization is usually a more attractive option, but for many landfills 

this is not a possibility, and MSW is a viable option 

 

Costs: MSW is a ñfreeò fuel, but collecting, drying, and transporting the waste can be costly.  In addition, 

major equipment modifications and emission control technologies will likely be required. 

 

Installed Capacity (Non-Utility):  MSW accounted for 2.9 GW of electric capacity in 2003.
32

 

 

The Bottom Line 
 

MSW and RDF are not ideal fuels for a number of reasons.  Their quality varies, they are not easily 

transported, and large emission control technologies and cleaning devices must be implemented when 

burning the solid fuels.  In addition, landfill gas-to-energy projects are usually more attractive, and new 

RDF gasification systems may make burning solid waste obsolete.  MSW and RDF are not recommended 

as solid fuels, but biomass gas from RDF is potentially promising ï biomass gas in general will be 

considered for further evaluation in this report. 

 

Sludge Waste 
 

Sludge waste is the sewage sludge generated by wastewater treatment plants.  The sludge can be dried and 

burned as a fuel to generate steam and power.  This same wastewater sludge is often converted into 

anaerobic digester gas for waste treatment and fuel use.  Burning the solid sludge, however, is another 

power-producing alternative that eliminates most of the harmful constituents.  

 

For solid-firing, the sludge must be dried thoroughly prior to combustion.  Once this occurs, it can be 

used in existing boilers in place of coal, or it can be co-fired.  Some modifications to existing boilers will 

be necessary to accommodate the low combustibility of the fuel and increased cleaning and maintenance 

will be required. Stokers are preferred for firing the sludge waste since fewer modifications are necessary.   

 

Current Status 
 

Not many wastewater treatment plants use their sludge to generate electricity, but the technology exists 

and solid sludge waste can be used as a source of power.  It is generally more effective to use an 

anaerobic digester to convert the organic portion of the waste to a more flexible, gaseous fuel.   

 

Economics and Market Considerations 
 

The heat content of sludge waste is only about 3,500 Btu/lb (25-30 percent that of coal), its moisture 

content is very high, and sludge-fired boilers require additional maintenance. As a result, sludge waste is 

not a strong potential energy source for outside markets.  However, it is a free source of fuel that can be 

used by wastewater treatment plants in combined heat and power applications.  If excess power is 

produced, it may be sold to local utilities or consumers.  However, for wastewater treatment plants that 

already utilize anaerobic digesters, ADG is almost invariably a cleaner, more efficient, and smarter choice 

for DER/CHP. 

 

Environmental Issues 
 

The use of sludge waste as a fuel promotes conservation of resources and disposes of potentially 

hazardous wastewater sludge, but burning the waste creates its own emissions such as NOx and 

                                                      
32 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2003. 
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particulate matter, which must be handled properly with emission control technologies.  Using an 

anaerobic digester to extract the methane from organic sludge waste and burning the digester gas as a fuel 

is a more environment-friendly option. 

 

Availability, Cost, and Installed Capacity Data 
 

Availability: There are over 75,000 wastewater treatment plants in the United States.  Sludge waste is 

treated in some way at every one of these plants, but it is rarely used as a direct energy source due to its 

poor combustibility and low fuel quality.   

 

Costs: The sludge waste is free to treatment plants, except for the costs associated with collection, drying, 

and transportation.  It is not sold as a fuel ï when used, it is only used by the plants themselves 

 

Installed Capacity (Non-Utility):  Sludge waste accounted for 7.5 MW of electricity in the year 2003.
33

 

 
The Bottom Line 
 

Sludge waste is not a particularly good fuel.  UPDATE GOOD=? It can be useful to waste water 

treatment plants, but even then its usefulness as a solid fuel is questionable.  Except for small treatment 

facilities with boilers where no digester is installed, anaerobic digester gas is generally a better option. 

 

Wood and Wood Waste 
 

Wood or wood waste, as an opportunity fuel, is defined as 

any type of wood or wood-based product that can be burned 

to generate power.  There are four categories that wood and 

wood waste fall into: dedicated energy crops (not yet 

produced in the United States), harvested wood (wood 

chips), mill residue (bark, sawdust and planer shavings), and 

urban wood waste (treated/painted wood, yard trimmings, 

etc.). 

 

In most wood and wood waste applications, the wood is 

dried, cut into chips, and transported to a boiler, where it is 

burned to produce steam (sometimes powering a steam 

turbine/generator).  Cofiring with coal is sometimes used to 

increase the net heat rate of a coal-fired plant, but its 

effectiveness is limited due to woodôs poor grindability.  

Pulverizers for coal are unable to handle high quantities of 

wood.  Stokers and cyclone boilers are the most suited to co-

firing wood and wood waste fuels as they require the least 

modifications.  However, fluidized bed boilers are often used 

because they produce fewer emissions.  In some cases, wood is liquefied into an ethanol fuel (see 

Ethanol) or gasified (see Biomass Gas).  For solid wood fuels, modified coal boilers may be used, but a 

boiler system made specifically for wood fuels will perform better in terms of efficiency, emissions, and 

required maintenance. 

 
 

 

                                                      
33

 Ibid. 

Figure 2-17. Wood Waste Recycling 

Yard 
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Current Status 
 

Burning wood is one of the oldest methods of generating both thermal and electric energy.  Wood fuels 

have a heat content of about 7,500 Btu per pound ï roughly half that of coal.  Wood fuels account for 

over two-thirds of all biomass electric generation capacity.
34

  Nearly 1,000 wood-fired plants exist in the 

U.S., generally ranging from 10 to 25 MW.
35

  There are at least 75 wood-fueled CHP units that qualify as 

distributed energy resources 
36

.  The most common form of wood fuel consumption is lumber processing, 

pulp, and paper mills using their residues to provide heat and power for the plant.    Many of these wood 

fuel installations utilize gasification systems, especially mill residues (see Biomass Gas), but when 

discussing wood and wood waste in this report, the fuels are understood to be in solid form.                  

                     

Economics and Market Considerations 
 

Wood collection and transportation can be labor intensive and expensive, although wood can usually be 

hauled up to 75 miles for $8 to $15 per ton.
37 

 In the end, the cost of delivered wood fuel ranges from $15 

to $45 per dry ton.  Forest residues, or harvested wood, average $30-$35 per dry ton to obtain (about 

$2.00 per MMBtu, more expensive than most coals), while urban wood wastes average about $18 per dry 

ton of fuel ($1.20 per MMBtu, cheaper than most coals).
38

  In addition, most states offer some type of 

incentive for utilizing biomass fuels. 

 

The availability of wood and wood waste is highly regional ï users must be close to the source.  Over 65  

percent of wood energy consumption currently takes place in on-site cogeneration applications, primarily 

in the lumber processing, pulp and paper industries.  These industries have a ñfreeò fuel source, no 

transportation costs, a secure fuel supply, and can meet on-site thermal and electric power demands with 

their wood waste.  Like black liquor, the mill residues produced by these industries are almost always 

used to provide additional heat and power for their plants.  For this reason, the market for mill residues is 

slight, and the fuel source is not considered any further in this report (except as a possible precursor to 

biomass gas).  With wood fuels produced from forest residues, or urban wood waste, the consumer must 

pay for the fuel because of processing and transportation costs - usually wood fuels are only economically 

superior to coal when the user is very close to the source.  In general, any transportation over 50 miles 

will not be economical. 

 

One potential source of wood fuel that has drawn interest recently is forest thinnings.  Due to the wildfires 

that destroyed parts of Arizona, California and other states, forests with dangerous potential are now 

being thinned out so that fires wonôt start or spread as easily.  Normally the wood waste from forest 

thinning is burned, but it could potentially be used as a cheap fuel for boilers and gasification systems.  

McNeil Technologies recently conducted a study for Coloradoôs Office of Energy Management and 

Conservation titled ñFrom Forest Thinnings to Boiler Fuelò.  According to the study, nearly 36,000 dry 

tons of biomass would be available from Summit and Eagle Countyôs forest thinnings each year ï enough 

fuel to produce over 3 MW of electricity.  However, the study concluded that delivered forest thinnings 

would cost nearly $100 per dry ton on average to obtain ï much too expensive to compete with other 

                                                      
34 U.S. Department of Energy National Renewable Energy Laboratory.  Profiles in Renewable Energy ï Case Studies of 

Successful Utility-Sector Projects.  Washington, D.C., August 1994. www.nrelinfo.nrel.gov/documents/profiles.html 
35 R.L. Brain, R.P. Overend and K.R. Craig, Biomass-Fired Power Generation. NREL, 1996. 
36 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2000. 
37 Study of Processing and Utilizing Urban Wood Waste and Pallets for Fuel in the State of Minnesota.  M.L. Smith 

Environmental, Tinley Park, IL: January 1995. 
38 Biomass Feedstock Availability in the United States: 1999 State Level Analysis.  United States Department of Energy - Oak 

Ridge National Laboratory.  May 2006.  http://bioenergy.ornl.gov/resourcedata/index.html 

http://www.nrelinfo.nrel.gov/documents/profiles.html
http://bioenergy.ornl.gov/resourcedata/index.html
http://bioenergy.ornl.gov/resourcedata/index.html
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fuels.
39

  If a more efficient collection and transportation system were developed, the prices may go down, 

but it appears that forest thinnings do not offer any benefits over other wood waste fuels. 

 

Environmental Issues 
 

Wood and wood waste are considered renewable resources.  Although carbon dioxide is produced in 

burning wood fuels, if new trees are planted, the net carbon dioxide emissions will approach zero.  Urban 

wood waste may contain components and pollutants that need to be removed prior to burning, or else 

hazardous emissions and increased fouling will occur.  SOx and NOx emissions are much less than coal so 

co-firing will help reduce emissions.  Wood ash is non-toxic and does not contain pollutants or heavy 

metals, but some states still consider it hazardous waste.                                                   

 

Availability, Cost, and Installed Capacity Data 
 

Availability: There is an abundance of wood and wood waste suitable for use as a fuel, and the estimated 

amounts of harvested wood, mill residues, and urban wood waste available are provided below: 

 

Harvested wood ï Estimated 45 million dry tons available annually. 

Urban wood waste ï Estimated 37 million dry tons available annually.
40

 

 

Costs: Estimated costs include processing and transportation.  Modifications to existing equipment may 

also be required when using wood or wood waste as a fuel. 

 

Harvested wood ï Between $20 and $40 per dry ton of fuel (delivered price). 

Urban Wood Waste ï Between $10 and $30 per dry ton of fuel (delivered price).
41

 

 

Urban wood waste boilers may require additional emission control and filtration devices because the fuel 

often has a higher level of impurities and contaminants.  

 

Installed Capacity (Non-Utility):  Solid wood waste: 2.8 GW of electric capacity in 2003.
42

 

  

The Bottom Line 
 

Wood and wood waste are promising biomass-based opportunity fuels.  Although the cost for these fuels 

is usually greater than coal, they burn cleaner and can easily be co-fired.  While solid wood fuels are best 

suited for industrial applications, they can also be a fuel source for steam-powered DER and CHP, 

especially coal-fired units in the 10-50 MW range.   

 

Industrial Process Waste and Byproducts 
 

The second category of opportunity fuels, Industrial Process Waste and Byproducts, consists of non-

biomass fuels created as a waste or byproduct of an industrial process.  Blast furnace gas, coke, coke oven 

gas, industrial VOCôs, and textile waste all fall into this category.  All of these opportunity fuels are 

produced at industrial facilities, and would otherwise be considered a waste or byproduct (although many 

may already be used by the facilities for additional heat and/or power). 

                                                      
39 From Forest Thinnings to Boiler Fuel.  Western Regional Biomass Energy Program.  World Wide Web, August 2004. 

http://www.westbioenergy.org/dec2003/06.htm   
40 Ibid. 
41 Ibid. 
42 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2003. 

http://www.westbioenergy.org/dec2003/06.htm
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Blast furnace gas, coke, and coke oven gas are produced at iron/steel mills and petroleum refineries.  The 

gaseous fuels are often recirculated for additional heat, but many facilities could potentially see more 

benefits from a DER/CHP installation.  Solid cokes (coal and petroleum) are often mixed with coal in the 

facilityôs boilers and furnaces, although most petroleum coke is simply disposed of since more is 

produced than can be used.  Textile waste and industrial VOCôs are not used extensively by the facilities 

that produce them, with the exception of some textile waste being cofired in coal boilers. 

 

In this section, the industrial waste and byproduct fuels will be examined to see if there is any potential 

for DER/CHP.  If so, the fuels may be chosen for further evaluation in this report. 

 

Blast Furnace Gas 
 

Blast furnace gas (BFG) is the gas exhausted from blast furnaces in iron and steel mills.  The gas can be 

sent to a coke oven for additional heat, recirculated to supply additional heat to the furnace, or it may be 

used to produce heat and power.  BFG gas has a high carbon content, an extremely low heating value, and 

variable quality. The gas can be burned in a boiler, and exhibits properties similar to natural gas, but its 

quality and heat content (typically 90 Btu/ft
3
) are abysmally low.  Blast furnace gas deposits adhere very 

firmly to boiler surfaces so special provisions and extra effort must be made when cleaning the boiler.  

The blast furnace gas supply is prone to sudden fluctuations, so special safety precautions are required 

and an alternative fuel must be available if steam or electricity production is to be steadily maintained.  

Because of all of these drawbacks, BFG is rarely burned as a fuel ï it is most often recirculated in the 

furnace or coke oven for additional heat. 

 

Current Status 
 

Currently, blast furnace gas is only utilized in the iron and steel mills where blast furnaces are used.  Its 

low heating value seriously limits its effectiveness and potential as a fuel.  

  

Economics and Market Considerations 
 

Blast furnace gas could be transported and sold to nearby facilities for heat and power operations, but 

there is neither an abundant supply of the gas nor a foreseeable demand.  It is an inferior fuel to natural 

gas in terms of heat content, particulates, and emissions, and it is best utilized immediately after 

collection while it is still at a high temperature.  It is more economically feasible for steel mills to use 

BFG for their own heat and power needs than to sell it to an outside power producer.   

 

The market for blast furnace gas is limited to iron and steel mills.  Most mills that produce the gas already 

use it for recirculation and additional heat.  Some mills use the gas as additional fuel for their boiler 

systems, sometimes powering steam turbines for electricity.  New steel making technologies, however, 

may soon render the blast furnace obsolete, and there is already a downward trend in production and 

demand for BFG.  For example, in 2001, BFG production and demand fell 16 percent from the previous 

year in the United Kingdom across all areas of use.
43

  In the United States, from 2000 to 2003, the use of 

blast furnace gas for electricity decreased by 36 percent.
44

  This trend is being observed throughout the 

world and is likely to continue.   

 

 

                                                      
43 United Kingdom Department of Trade and Industry www.dti.gov.uk; The Iron and Steel Statistics Bureau. 
44

 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2000 and 2003. 

http://www.dti.gov.uk/
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Environmental Issues 
 

Blast furnace gas has a high carbon content, and an extremely high nitrogen content.  When burned, large 

amounts of carbon dioxide and nitrogen oxides will be produced, and emission control technologies must 

be applied. 

 

Availability, Cost, and Installed Capacity Data 
 

Availability: Availability is determined by the usage of blast furnaces, primarily in iron and steel mills.  

Almost all blast furnace gas is recirculated or used in some other way by the mill itself, so the gas is 

generally unavailable for outside purchase. 

 

Costs: BFG is free to iron and steel mills.  Its quality is too low to be sold to outside markets. 

 

Installed Capacity (Non-Utility):  Blast furnace gas accounted for an estimated 1.3 GW of electric capacity 

and 94.5 million MMBtu of thermal output in the year 2000, the high thermal to electric ratio indicating 

that the fuel is almost always used for heat.
45

  In the year 2003, BFGôs electric capacity decreased to 826 

MW, showing that its use is on the decline.
46

 

 

The Bottom Line 
 

Blast furnace gas has several disadvantages as an opportunity fuel.  Production of BFG is on the decline 

and quality of the fuel is extremely low.  It is beneficial to the iron and steel mills that produce it, but its 

utility in DG/CHP applications is limited. 

 

Coke 
 

Petroleum coke (pet coke), a carbon-rich black solid, is the byproduct of coking conversion processes, 

which separate light and heavy crude oil products.  Coke is also produced when heating coal, but its 

supply is low and the price of coal coke is actually greater than that of coal.  Petroleum coke, on the other 

hand, is in abundant supply and its price is always less than that of coal.  There are three types of pet coke 

produced in the coking process ï sponge, shot, and needle.  Only sponge and shot coke are used as a fuel.  

Some drawbacks of petroleum coke include a low volatility, a high sulfur content, and high nickel and 

vanadium contents in the ash.  However, the fuel offers a high heat content (14,000 Btu/lb), a low ash 

content and easy grindability at a very low cost. 

 

Coke can be used in place of coal or fuel oil in conventional boilers, with only a few modifications.  

However, the fuel contains many harmful contaminants and a high sulfur content so extensive emission 

controls are required.  For this reason, pet coke is often blended and co-fired with sub-bituminous coal in 

large-scale industrial applications.  If not, several cleaning devices and emission control technologies 

must be put in place.   

 

Current Status 
 

The world production of petroleum coke in 1995 totaled over 50 million tons (Mt), with 80 percent 

coming from U.S. refineries.
47

  Accordingly, the majority of petroleum coke produced in the U.S. is 

exported to foreign markets, where it is used primarily as a fuel.  In the United States, the Department of 

                                                      
45 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2000. 
46

 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2003. 
47 1996 Update Petroleum Coke and Coal Markets.  KvH Carbon. 
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Energy (DOE) estimates that the largest users of pet coke (other than refineries) are independent power 

producers, who often fire 100 percent coke, not a coke-coal blend, in boiler/steam turbine systems over 50 

MW in size.  Coal coke is also produced in large amounts, although it is rarely used outside of iron and 

steel mills so the outside supply is low. 

 

Economics and Market Considerations 
 

According to an IEA Coal Research study, worldwide petroleum coke production grew by 50 percent 

between 1987 and 1998, to 50 Mt a year.  Production is expected to reach 100 Mt by 2010.
48

  This 

increase in production of pet coke is driven by the demand for light crude oil products (for which 

petroleum coke is the by-product), not by the demand for coke itself.  The demand for light petroleum 

products like butane and jet fuel has been on the rise, so the production and sale of petroleum coke has 

been increasing.  With such an excess of supply, the price for petroleum coke is usually much less than 

that of coal, although it contains higher amounts of sulfur, as well as some heavy metals.  Customers are 

generally not willing to purchase pet coke if they can get coal for the same price.  Recently, the price has 

fallen to as low as $15 a ton.
49

  The high Btu content of petroleum coke makes it attractive from a cost-

benefit standpoint, however it has a low volatility and more emission control technologies are required. 

 

Conversely, the production of coal coke has been on the decline, and it is almost always used up by iron 

and steel mills for additional heat.  The remaining coal coke that is on the market sells for a much higher 

price than coal, so purchasing it for DER/CHP applications would not make any sense when coal (which 

produces fewer emissions and makes a better boiler fuel) could be used for cheaper. 

 

Very few mills and refineries market coke themselves.  Most coal coke is used by steel mills, and leftover 

pet coke is contracted out to resellers by refineries for market distribution.  In the United States, large 

independent power producers and refineries are the main users of pet coke ï utilities only use it sparingly 

as an alternative boiler fuel.  Worldwide, petroleum coke is most often used in cement kilns and calcining 

operations.  The foreign market for petroleum coke is larger than the domestic market, mainly due to a 

lower price than coal and the United Statesô strict environmental regulations.  The best markets for pet 

coke are places where coal is less readily available and/or more expensive, such as Japan.  When 

international coal prices go up, the worldwide demand for petroleum coke increases.    

 

Environmental Issues 
 

Coke typically has a very high sulfur content (up to 8 percent), which causes significant sulfur oxide 

emissions.  Therefore, coke is not a good choice for areas with stringent SOx emission standards.  The 

nitrogen content of coke is also higher than coal.  This, along with higher flame temperatures, leads to 

increased NOx emissions.  The ash of petroleum coke contains high nickel and vanadium contents, and it 

is prone to produce more dust than most coals.  Coke boilers require more emission controls than coal-

fired boilers, as well as more frequent cleaning and maintenance. 

 

Availability, Cost, and Installed Capacity Data 
 

Availability: The availability of coal coke depends on the use of coal at iron and steel mills, which has 

been on the decline.  The availability of pet coke depends on the production of light petroleum products, 

                                                      
48 IEA Coal Research Profiles: The Use of Petroleum Coke In Coal-Fired Plants.  May 2006.  http://www.iea-

coal.org.uk/publishor/system/component_view.asp?LogDocId=81057  
49 Energy Argus Monthly ï Petroleum Coke.  Monday September 3, 2001.  Report No. 01s-001.  

http://www.energyargus.com/coke 

http://www.iea-coal.org.uk/publishor/system/component_view.asp?LogDocId=81057
http://www.iea-coal.org.uk/publishor/system/component_view.asp?LogDocId=81057
http://www.energyargus.com/coke
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which has been on the rise.  Over 50 million tons of petroleum coke is produced worldwide each year ï 

40 million of which comes from U.S. refineries.
50

 

 

Costs: Coal coke is not widely available for sale, and is usually more expensive than coal.  Petroleum 

coke prices have recently fallen to around $15 a ton due to the increasing supply.
 

 

Installed Capacity (Non-Utility):   Petroleum coke accounted for 1.0 GW of electric capacity in the year 

2003.
51

 The figures for coal coke are unknown, but installed capacity is expected to be minimal. 

 

The Bottom Line 
 

While coal coke is expensive and hard to find, petroleum coke is a cheap and readily available energy 

source.  Although it contains many contaminants and more emission controls are required than for coal, 

pet cokeôs lower price can make it economically beneficial for consumers.  However, because of its 

impurities and contaminants, pet coke is only suitable for large-scale, high temperature industrial 

applications.  Although petroleum coke could potentially power 25-50 MW steam turbines, DER and 

CHP petroleum coke-fired units likely will not become popular until a cleaner, more efficient method of 

burning or gasifying the fuel is developed.   

 

Coke Oven Gas 
 

Coke oven gas refers to the gas and vapors generated during the production of coal and petroleum coke.  

It can be collected and burned as a fuel similar to natural gas, although the quality is not nearly as high 

(coke oven gas is only 35 percent methane and almost 50 percent hydrogen).  Coke oven gas burns 

readily because of its high free-hydrogen content, which also makes it an ideal candidate for fuel cells.  Its 

Btu content is around 550 Btu/ft
3
 (about half that of natural gas) so most gensets will require some 

modifications and additional maintenance to accommodate the lower heating value.  The fuel can be used 

in place of natural gas in boilers, but larger burner-gas port openings may be required due to the higher 

flow rate, impurities, and the resulting deposit build-up.  Coke oven gas can also be used to power 

modified engines and gas turbines, but the fuelôs variable supply and low methane content limit its energy 

producing capabilities.  

 

Current Status 
 

Coke oven gas is currently used only in mills and refineries as an additional source of heat, and 

sometimes electricity.  It is not produced in great quantities, and its production is limited by the use of 

petroleum and coal.  Its inferiority to natural gas and its limited availability prevent it from being a 

serious contender in outside markets.   

 

Economics and Market Considerations 
 

In 2001 in the United Kingdom, coke oven gas production from coal fell 11.5 percent and demand fell 

14.5 percent.
52

 Similar trends occurred for solid coke, and a general decline in all coal coke products can 

be observed worldwide.  Coal coke oven gas production is dependant on the use of coal as an energy 

source, particularly in manufacturing iron and steel.  Coke oven gas from petroleum production is more 

abundant, since light petroleum products are in high demand.   

 

                                                      
50 1996 Update Petroleum Coke and Coal Markets.  KvH Carbon 
51

 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2003. 
52 United Kingdom Department of Trade and Industry www.dti.gov.uk; The Iron and Steel Statistics Bureau. 

http://www.dti.gov.uk/
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At steel mills and petroleum refineries, using coke oven gas to produce heat or electricity can be a good 

economic decision.  The gas could also be sold to nearby power producers, transported through a pipeline 

and sold for roughly the same price as natural gas.  However, pipeline construction costs can be high, and 

it is generally more beneficial for a plant to use coke oven gas for its own power needs, so this has never 

been done in practice.  Most mills and refineries that produce coke oven gas already burn it as a fuel or 

recirculate it for additional heat, so the remaining market for coke oven gas is limited to plants that do not 

already benefit from its utilization. 

 

Environmental Issues 
 

The cokemaking process creates some environmental concerns.  Air emissions and the use of quench 

water cause major environmental problems in the just the manufacturing process.  Harmful sulfur and 

nitrous oxide emissions, as well as particulates, are also produced when burning coke oven gas for 

energy.  Control technologies must be applied in both cases, and they can be costly. 

 
Availability, Cost, and Installed Capacity Data 
 

Availability: Unknown.  Coke oven gas is not sold as a fuel ï it is only used by the iron and steel mills or 

petroleum refineries that produce it. 

 

Costs: Coke oven gas is free to mills and refineries.  If it were sold, it would likely cost about the same as 

natural gas on a Btu-basis (about $7.00 per MMBtu) 

 

Installed Capacity (Non-Utility):  For petroleum coke oven gas, an estimated 184 MW of installed electric 

capacity and 16,126 MMBtu of thermal output were recorded in the year 2000.
53 

 Figures for 2003 were 

not available.  For coal coke oven gas, the installed capacity is unknown, and is likely limited. 

 

The Bottom Line 
 

Coke oven gas generally is not a practical fuel for outside markets since its quality is significantly lower 

than natural gas and its supply depends on the use of coal and petroleum.  For the mills and refineries that 

have a free gas supply, however, it is a practical and cost-effective source of heat and power.  As with 

black liquor, most of the mills and refineries that can make use of their coke oven gas already do so, so 

the market that is leftover is relatively small.   

 

Industrial VOCôs 
 

Volatile organic compounds (VOCôs) evaporate easily during many industrial processes, and they are an 

ever-increasing threat to the environment.  Industrial VOCôs must be collected and eliminated from the 

atmosphere.  This is usually accomplished through oxidation, using thermal or catalytic oxidizers.  

However, the VOCôs can instead be used as a fuel to help supply power for the industrial operation, while 

at the same time eliminating environmental threats. 

 

Thus far, the only technology that has been successfully applied to industrial VOCôs is cofiring in a 

natural gas combustion turbine.   High-temperature combustion is preferred in order to eliminate all of the 

dangerous compounds, and this can only be achieved with a secondary fuel.  In addition, the VOC-air 

mixture is simply too dilute to be used on its own.  The VOC fuel is treated like an air injection into the 

gas combustor, and it is essentially just that, since the concentration of VOCôs is so low.  However, the 

                                                      
53 U.S. Energy Information Administration Form 860 B - Database of Non-Utility Generators, 2000. 
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highly reactive VOCôs will provide additional energy to the natural gas stream as it enters the turbine, 

which can be used as a DER/CHP unit to power the entire facility.   

 

Current Status 
 

Currently, the use of industrial VOCôs is limited to cofiring with natural gas turbines.  Advanced in gas 

turbine technology that increase efficiency and reduce energy costs will help bolster utilization of this 

technology.  Stirling Engines may be another outlet for VOCôs as a fuel ï STM Power recently installed 

one of their 55 kW Stirling Engines at a Ford Motor Company plant that runs on paint VOCôs.  However, 

this is only a demonstration project ï Stirling Engines are just now entering the first stages of 

commercialization. 

 

Economics and Market Considerations 
 

While the fuel efficiency of the gas turbine is enhanced by a limited amount of VOC-air injection, the 

concentration of VOCôs is so low that there is no noticeable degradation in performance, and no 

additional maintenance is required.  The market for industrial VOCôs as a fuel is limited to industrial 

plants that produces the volatile compounds.  Many of these plants already use oxidizers to eliminate their 

VOCôs, and are unlikely to abandon them and switch to this gas turbine technology, unless a significant 

decrease in operating costs is incurred.  The main market for the fuel is new or expanding industrial 

facilities, or plants located in areas with increasingly strict emissions regulations.  As with most 

DER/CHP projects, the market also depends on the local price of electricity and natural gas.  Areas with 

high electricity prices are more likely to benefit from distributed power, though in the case of VOCôs, 

high natural gas prices have a negative effect on the market for industrial VOCôs, since they must be 

cofired with the fuel. 

 

Environmental Issues 
 

The elimination of volatile organic compounds from the atmosphere is positive for the environment.  

However, some VOCôs may survive the combustion process and be emitted into the atmosphere.  To 

prevent this, a high-temperature but long-residence time combustion process is preferred, and this is 

possible when using a natural gas combustion turbine.  

 

Availability, Cost, and Installed Capacity Data 
 

Availability: Industrial VOCôs are produced in many industrial facilities throughout the country.  Most of 

these facilities already have oxidizers in place to cut down on VOC emissions, but they still may benefit 

from VOC utilization and on-site power generation.  The exact availability numbers are unknown. 

 

Costs: Industrial VOCôs are free to industrial plants, and the facility must treat these wastes properly.  

Thus, the cost of using VOCôs for fuel can be equated to the cost of the competing treatment option.  The 

cost to install a natural gas turbine and the necessary VOC collection and transportation equipment at a 

facility is only slightly higher than a normal gas turbine, and the maintenance required is about the same. 

 

Installed Capacity: Unknown, and hard to measure since most of the power comes from natural gas. 

 

The Bottom Line 
 

Using industrial VOCs to produce power is an innovative and efficient way of eliminating VOCôs from 

the air while producing heat and electricity for an industrial plant.  However, the fuelôs use is limited to 

VOC-laden air injection into a natural gas combustion stream.  Most of the energy produced by the 
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turbine comes from the natural gas, not from the dilute VOC-air mixture.  While this practice is certainly 

worthy of consideration as a competitive treatment option, industrial VOCôs do not currently qualify as a 

stand-alone fuel. 

 

Textile Waste 
 

Textile waste can consist of excess yarn, thread, cloth, carpet, or any other fabric.  The excess material is 

either recycled or thrown away as garbage.  However, the waste can be utilized as an energy source with 

about the same heat content as biomass.  Although the waste contains many more pollutants and 

contaminants than biomass fuels, it can still be cofired with coal to produce heat and power for textile 

mills. 

 

Although gasification systems exist for textile waste (to be cofired with natural gas instead of coal), these 

systemsô high capital cost-to-benefit ratio make them impractical for most textile mills.  The fuelôs quality 

is generally too low to be fired by itself, so cofiring with coal is the only practical option.  Most coal-fired 

boilers can handle a 5-10 percent blend of textile waste with little, if any, modifications required. 

 

Current Status 
 

Currently, most textile waste is recycled, although some textile mills utilize their waste in cofiring 

applications to produce their own heat and power.  The quality of textile waste as a fuel is extremely poor 

compared to coal, so cofiring is usually the only feasible option. 

 

Economics and Market Considerations 
 

For most textile mills, the benefit of utilizing their waste comes from saving on coal costs.  Usually, 

textile waste is only a practical fuel for mills that already contain a coal-fired boiler.  However, in cases 

where on-site power generation could seriously reduce electricity costs (i.e. locations where the cost of 

electricity is high), installing a coal-fired boiler and using textile waste as a blended fuel is an option. 

 

The market for textile waste as a fuel is generally limited to textile mills, due to its low value, and even 

then it is limited to coal cofiring applications.  Mills already using coal-fired boilers are the best potential 

market.  At present there is no other identifiable place in the DER/CHP market for textile waste as a fuel. 

 

Environmental Concerns 
 

Although textile wastes contain some harmful constituents, burning a 5 to 10 percent blend will not 

contribute significantly to regulated emissions.  Typically, the same emission controls for coal-fired 

boilers will also apply to coal-textile waste blends. 

 

Availability, Cost, and Installed Capacity Data 
 

Availability: Textile waste is available at every textile mill, although not all mills will benefit from its 

utilization ï most are better off recycling their waste. 

 

Costs: For a plant that already contains a coal-fired boiler, adding textile waste to form a 5-10 percent 

blend is usually beneficial.  Few, if any, modifications are necessary, and the plant will save on fuel costs.  

For plants without a coal-fired boiler, a cost-benefit analysis must be performed. 

 

Installed Capacity: Unavailable.  Installed capacity is minimal. 
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The Bottom Line 
 

Textile waste is not promising as an opportunity fuel.  Its heating value is lower than biomass, it contains 

more pollutants, and it must be cofired with coal to be effective.  Furthermore, the market for textile 

waste as a fuel is generally limited to textile mills. 

 

Fossil Fuel Derivatives 
 

The third category of opportunity fuels are fossil fuel derivatives.  These fuels are derived from fossil fuel 

mining and drilling operations, where excess gas is created and must be treated and disposed of.  Most 

mines and wells flare their excess gas to prevent the release of methane into the atmosphere.  This gas, 

however, can be used for power production in DER/CHP applications. 

 

At coalmines, the mining process produces a methane gas whose properties and heat content are very 

similar to natural gas.  The gas is called coalbed methane, and it is often injected into natural gas 

pipelines, but it can also be used as a fuel for DER/CHP projects.   

 

At oil and gas wells, excess gas escapes to the top of the well, building up pressure.  In order to release 

this pressure, the wells release and flare the untreated gas.  However, this wellhead gas can be used for 

small-scale power generation at the oil and gas wellsô facilities. 

 

This section examines these two fuels derived from fossil fuels, and determines if there is enough 

potential for DER/CHP to warrant further evaluation in the chapters to come. 

 

Coalbed Methane 
 

Coalbed methane (CBM) is a methane gas released from coalmines.  It can be collected before, during, 

and after mining, and condensed into a fuel similar to natural gas.  The highest quality gas comes from 

drainage holes made before mining.  In this situation, methane has not had a chance to interact with air.  

CBM can also be collected from coalmine ventilation air, but the quality and percentage of methane is 

much lower.  After mining, high 

quality CBM can be collected from 

gob wells.  See Figure 2-8 for a 

diagram of a typical coal mining 

operation. 

 

Coalbed methane can replace natural 

gas in any power generating 

technology ï gas turbines, steam 

turbines, microturbines, reciprocating 

engines, and fuel cells.  The gas 

collected from drainage holes before 

and after mining is usually around 90 

percent methane, so once cleaned, it 

can be used in natural gas applications 

with no degradation in quality.  In 

fact, drainage methane is so similar to 

natural gas and so and high in quality 

that is often injected directly into natural 

gas pipelines.  Ventilation air emissions, 

Figure 2-18. Coalbed Methane Collection Process ï CBM can 

be collected before, during and after mining 

Source: EPA CMOP website: http://www.epa.gov/cmop/pdf/inf002.pdf 


