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Topics of DiscussionTopics of Discussion

Landfill design basics

Landfill gas formation and characteristics

Why is landfill gas collected?

How do you collect landfill gas?

What can you do with landfill gas?

What are the benefits of using landfill gas?

Landfill gas use in North Carolina

North Carolina’s landfill gas energy potential
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Modern Municipal Solid Waste Modern Municipal Solid Waste 
LandfillLandfill
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What is landfill gas (LFG)?What is landfill gas (LFG)?
Landfill gas is formed during the anaerobic 

decomposition of organic material in landfills

A mixture of:
~ 50% methane (CH4).

~ 50% carbon dioxide (CO2).

< 1% non-methane organic compounds (NMOCs).

A potential fuel with a heating value of approximately 

500 Btu’s per cubic foot
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Production Phases of LFGProduction Phases of LFG
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Typical LFG Generation Typical LFG Generation 
ProfileProfile
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Why do some landfills collect Why do some landfills collect 
LFG?LFG?

Some are required by various regulations 
(e.g., New source performance standards, emission guidelines)

To reduce local odor complaints

To address safety concerns resulting from locally 

high ambient methane concentrations.
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Why Does EPA Care Why Does EPA Care 
About LFG?About LFG?

Methane is a potent heat-trapping, or greenhouse, 
gas. Over 20 times more potent that carbon dioxide.
Landfills are the largest human-made source of 
methane in the US.
There are many cost effective options for reducing 
LFG emissions while generating energy.
LFG projects reduce local air pollution.
LFG projects create jobs, revenues, and cost 
savings.
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How do you collect landfill How do you collect landfill 
gas?gas?

A system of horizontal or vertical wells are 
constructed across a landfill.
These wells are connected to a header system.
A blower provides vacuum to the header system to 
collect gas from the wells. 
The blower sends the landfill gas to a treatment and 
control system such as a flare or to a beneficial end-
use system such as a boiler, engine, or turbine.
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Gas well schematicGas well schematic
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Well InstallationWell Installation
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WellheadWellhead
““tuningtuning””
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Landfill gas treatment, blower, Landfill gas treatment, blower, 
and flare stationand flare station
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What can we do with landfill What can we do with landfill 
gas?gas?

Since landfill gas is similar to natural gas, it can be 
used in many applications that can use natural gas 
(e.g. boilers, engines, turbines, heaters)

For every 1 million tons of municipal solid waste:
~  1.0 MW of electricity
~  550,000 cubic feet per day of landfill gas.
~  11 MMBtu/hr of energy potential

Direct use projects

Electrical generation projects
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LFG as a Biomass ResourceLFG as a Biomass Resource

LFG is available NOW!

Most Landfills will have to collect and control 

Some infrastructure exists or will be required
Flares, wells, trenches, liquid handling

North Carolinians generate over TEN 
MILLIONS tons of waste per year!
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Benefits of  LFG ProjectsBenefits of  LFG Projects

Offsets the cost of Environmental Compliance, 
NSPS, EG, or SW Rules

Community involvement including
Environmentalism

Economic development

Air Pollution Offsets allow other industrial 
development
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Additional Benefits of LFG Additional Benefits of LFG 
ProjectsProjects

Destroys methane and other organic compounds in 
LFG

Each 1 MW of generation = planting ~12,000 acres of trees per 
year, removing the emissions of ~8,800 cars per year, or 
preventing the use of ~93,000 barrels of oil per year

Offsets use of nonrenewable resources (coal, oil, 
gas), potentially reducing emissions of:

SO2 - contributes to acid rain
NOx - contributes to ozone formation and smog
PM - a respiratory health concern
CO2 - a global warming gas
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DirectDirect--use Projectsuse Projects

Greenhouse Burlington, NJ

LFG-fired Boiler Ft. Wayne, IN

Pottery Studio Sugar Grove, NC

Boiler applications - replacing natural gas, coal, fuel oil
Direct thermal (dryers, kilns)
Natural gas pipeline injection

Medium and high-Btu

Greenhouses
Leachate evaporation
Vehicle fuel (LNG)
Artist studios
Hydroponics
Aquaculture (fish farming)
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Direct Use Case StudyDirect Use Case Study
GM Truck Assembly PlantGM Truck Assembly Plant
Fort Wayne, IndianaFort Wayne, Indiana

Direct use of LFG in boiler since
Feb ‘02. Replaces fuel oil.
9-mile pipeline.
Produces process steam 
Estimated cost savings: $400K annually.
Positive public reaction.

LFG-fired Boiler
Ft. Wayne, IN
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Direct Use Case StudyDirect Use Case Study
Ajinomoto U.S.A. Pharmaceutical Plant Ajinomoto U.S.A. Pharmaceutical Plant 
Raleigh, North CarolinaRaleigh, North Carolina

Direct use of LFG in boiler since 1989.  Second 
boiler added in 1997.
LFG co-fired with natural gas.  Has eliminated use of 
fuel oil.
Produces steam to heat facility and warm 
pharmaceutical cultures.
Cost savings : $250,000 in 1998.
Emission reductions=162,000 tons CO2 equivalent 
per year, equivalent to planting 
49,000 acres of tress.
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EnergyXchange, NCEnergyXchange, NC
Engaging CommunitiesEngaging Communities
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Electrical Generation ProjectsElectrical Generation Projects

Microturbine

Gas TurbineInternal Combustion Engine

Stirling “External Combustion”
Engine

Organic Rankine
Cycle Engine

Emerging Technologies
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Antioch Community High Antioch Community High 
School(IL) CHP ProjectSchool(IL) CHP Project

LMOP 
2003 

Project 
of the 
Year

First school co-generation 
(CHP) project on LFG
Landfill former Superfund 
site
12 microturbines with 360 
kW capacity
Exhaust energy produces 
290,000 BTUs/hour at 550o

School expects to save 
$100,000/year
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SC Johnson & Son, Inc. Waxdale Plant SC Johnson & Son, Inc. Waxdale Plant 
Racine, WisconsinRacine, Wisconsin

Have used LFG in boilers for 14 years.
Combined heat and power (CHP) LFG turbine 
project under construction.
Will produce 3.2 MW of electricity. Recover 
waste heat to produce 17,000 lb/hr steam.
Reduce plant fossil fuel use by 50%. 
Reduce plant GHG emissions by 47%.
Projected energy savings $2.4 million/yr.
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Look WhoLook Who’’s Usings Using
Landfill GasLandfill Gas

http://www.ford.com/en/links/General/www_fordvehicles_com/
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State of the National LFG State of the National LFG 
Energy Industry Energy Industry (as of Oct. 2004)(as of Oct. 2004)

Approximately 370 operational projects  
supplying:

9,500,000,000 kilowatt hours of electricity per 
year, and
8,100,000,000 cubic feet per year of landfill gas to 
direct use applications

25 projects under construction
Currently over 600 candidate landfills 

MW potential of over 1,450 MW
275 billion cubic feet per year of available gas
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NC Landfill StatusNC Landfill Status

130 unlined landfills have closed since 1988

64 MSW’s closed in 1993-94 

39 MSW’s Closed January 1, 1998

41 Lined MSW  operating.
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WASTE Disposed in NC WASTE Disposed in NC 
Lined LandfillsLined Landfills

10.2 million tons- North Carolina waste 
generation in FY 2003-2004
47.9 million tons entombed in lined landfills to 
date (FY 2002-2003)
83.4 million cubic yards of airspace holding it
Waste growing by leaps and bounds…. 7.2 
million tons in 02-03 10.2million tons in 03-04
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NC Candidate Landfills in NC Candidate Landfills in 
LMOP DatabaseLMOP Database

Alleghany County, Sparta – 50 cfm
Ashe County, Crumpler – 440,000 tons WIP
Brunswick County, Supply – 1.1 mmtons WIP
Buncombe County (New), Asheville – 850,000 tons WIP
Cabarrus County, Concord – 1.4 mmtons WIP
Caldwell Cnty Mt. Herman, Hudson – 1.2 mmtons WIP
City of Albemarle, Albemarle – 1.5 mmtons WIP
Cleveland County, Shelby – 1.1 mmtons WIP
CRSWMA-Interim Regional, New Bern – 970 cfm
Davidson County, Holly Grove – 860,000 tons WIP
East Carolina Regional, Aulander – 1,900 cfm
Edgecombe County, Tarboro – 1.9 mmtons WIP
Gaston County, Dallas – 1.6 mmtons WIP
Harnett County, Dunn/Erwin – 300 cfm
Iredell County, Statesville – 1,400 cfm
Johnston County, Selma – 1.8 mmtons WIP
Lenoir County, La Grange - 1.2 mmtons WIP

New Hanover County, Wilmington - 130 cfm
Newton, Newton – 350 cfm
Orange Regional, Chapel Hill – 650 cfm
Piedmont, Kernersville – 290 cfm
Robeson County, St. Pauls – 1.0 mmtons WIP
Rockingham County, Madison – 1.4 mmtons WIP
Sampson Co, ~5.5 mmtons WIP
Surry County #1, Mt. Airy – 1.2 mmtons WIP
Union County, Union – 30,000 tons WIP
Upper Piedmont Env., Rougemont – 1.0 mmtons WIP
US Army Fort Bragg, Fort Bragg – 760,000 tons WIP
USMC Camp Lejeune, Jacksonville – 1.3 mmtons WIP
Uwharrie Env. Regional, Mt. Gillead – 1,300 cfm
Wayne County, Dudley – 2.4 mmtons WIP
Wilkes County #1, Wilkesboro – 33 cfm
Wilkes County #2, Roaring River – 500,000 tons WIP
Wilson County, Wilson – 690 cfm
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Currently Operational LFGE Currently Operational LFGE 
Projects in NCProjects in NC

Blackburn LF, Hickory, NC – 3 MW
Buncombe County LF (Old), Woodfin, NC – 140 cfm
City of Greensboro LF, Greensboro, NC – 2,100 cfm
City of Winston-Salem LF, Winston-Salem, NC – 4.6 MW
Charlotte Motor Speedway LF, Concord, NC – 4 MW
Cumberland County LF, Fayetteville, NC – 510 cfm
Henderson County LF, Hendersonville, NC – 630 cfm
North Wake LF, Raleigh, NC – 1,000 cfm
Pitt County LF, Greenville, NC – 690 cfm
Wilder’s Grove LF, Raleigh, NC – 1,000 cfm
Yancey/Mitchell County LF, Burnsville, NC – 20 cfm 
(EnergyXchange)
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Estimated Estimated AnnualAnnual
Environmental BenefitsEnvironmental Benefits

Currently Operational - 11 projects (19.6 MW and 6,090 cfm)
Planting 129,000 acres of forest, or
Removing the CO2 emissions of 95,000 cars, or
Preventing the use of 1.0 million barrels of oil, or
Providing enough energy to power 13,000 homes and heat 49,000 
homes.

Potential - 66.4 megawatts from 53 sites
Planting additional 470,000 acres of forest, or
Removing the CO2 emissions of additional 350,000 cars, or
Preventing the use of additional 3.7 million barrels of oil, or
Providing enough energy to power additional 44,000 homes.
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LMOP  Benefits and LMOP  Benefits and 
ServicesServices

Partnerships and networking 
(over 365 partners)

Newsletter and listserv
Technical Assistance (Free!)

Feasibility studies, end user searches

LFG Advocate
PR/Ribbon Cuttings
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LMOP Partners Located or LMOP Partners Located or 
Involved in Projects in NCInvolved in Projects in NC

Community Partners
Blue Ridge RC&D Council, Inc. (NC)
Buncombe County DSW (NC)
Catawba County (NC)
Coastal Regional SWMA (NC)
Mecklenburg County (NC)
New Hanover County DEM (NC)
Rockingham County (NC)
Wilkes County (NC)

State Partners
NCDENR
The North Carolina Solar Center

Industry Partners
Ameresco
DTE Biomass Energy
Duke Solutions (NC)
Enerdyne Power Systems, Inc. (NC)
Ingersoll-Rand Energy Systems (NC)
Natural Power (NC)
Palmer Capital Corporation
Process Systems Consulting (NC)
Republic Services, Inc.
Waste Industries
Waste Management, Inc.

Energy Partners
Ajinomoto USA, Inc. (NC)
Mallinckrodt, Inc. (NC)
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For More Information in For More Information in 
North CarolinaNorth Carolina……....

Matt Lamb
 G.N. Richardson & Associates, Inc. 

 14 North Boylan Avenue
 Raleigh, NC 27603

 Phone: 919.828.0577 ext. 121
 Fax: 919.828-3899

 email: matt@gnra.com
 Please visit our web site at http://www.gnra.com
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For More Information in For More Information in 
North CarolinaNorth Carolina……....

Ed Mussler P.E.
 Division of Waste Management 

 Solid Waste Section
 401 Oberlin Road Suite 150

 1646 Mail Service Center
 Raleigh, NC 27699-1646

 919.733.0692 phone 919.733.4810  fax
 email: ed.mussler@ncmail.net

 Please visit our web site at http://wastenotnc.org



3737

For More Information in For More Information in 
North CarolinaNorth Carolina……....

Chad Leatherwood, P.E.
 Eastern Research Group Inc.

 (a contractor to EPA on LMOP) 
 50 College St.

 Asheville, NC 28801
 828.215.6222 phone 828.281.3351  fax
 email: chad.leatherwood@erg.com
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