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FINAL SCIENTIFIC REPORT 

 

This Final Scientific Report  is prepared pursuant to Award No. DE‐FG36‐06G086012; Pyramid Resource 
Center Green  Energy  Center  in  fulfillment  of  the  $988,490.96  grant  award.  The  project  director  for 
SWACO is the Director of Planning and Programs.  Firm Green Fuels of Ohio was a subcontractor to this 
award. 
 

I.  Executive Summary 
 
There are currently over 3,500 USA/Canadian landfills listed by the EPA/EC and like numbers in Europe 
that are producing methane‐rich landfill gas (LFG). This gas is typically made up of 50% methane (CH4), 
35%  carbon  dioxide  (CO2),  and  2  to  25%  nitrogen  and  oxygen  (N2  &  O2),  plus  dozens  of  dilute 
contaminants.  LFG  is  classified  as  a  renewable  fuel,  because  it  is  generated  via  biological  decay  of 
municipal solid waste, a constant byproduct of human activity. To date, most LFG has been allowed to 
escape into the atmosphere. On account of its high CH₄ content, LFG may contribute to climate change, 
as CH4 is one of the most harmful greenhouse gases with 21 times the global warming potential of CO2. 
Of the landfills that collect LFG, most simply flare it. In the past decade, some landfills have begun to use 
LFG for electricity generation or for direct combustion as “low Btu gas.” Very few landfills upgrade LFG 
to “high Btu gas.” 
 
A patented CO2 WashTM process developed by Acrion Technologies Inc., and licensed to Firm Green Inc. 
shows  promise  as  an  economically  and  environmentally  sustainable  process  to  recover  energy  and 
prevent pollution from landfills. The CO2 WashTM has already been proven at lab‐scale. It upgrades LFG, 
which consists of 50% methane (CH4) + 35% carbon dioxide (CO2) + 2 to 25% nitrogen + oxygen (N2+O2), 
1 to 2% water vapor, and dozens of contaminants (which total a few hundred to a few thousand parts 
per million). CH4, which by itself has an energy content of 1,012 British thermal units (Btu) per standard 
cubic foot (SCF), is the only component in LFG that contributes to its energy content, which is therefore 
about 400‐550 Btu/SCF. Accordingly, raw LFG is usually referred to as “medium‐Btu” gas. To be salable, 
it is necessary to remove essentially all the components besides CH4, while keeping the vast majority of 
the  revenue  producing  CH4.  This  is  “high‐Btu”  gas,  yielding  850  to  1,000  Btu/SCF.  The  CO₂ WashTM 
process upgrades LFG to about 930 Btu/SCF, and reduces the contaminants to levels that make it salable 
as a vehicle fuel in the form of compressed natural gas (CNG).   
 

II. Project Accomplishments 
 
Objective 1: To utilize landfill gas, a biomass product, as a feedstock for the production of electricity. 
 
Product gas from the CO2 WashTM was used to generate electricity to power the SWACO Green Energy 
Center during the reporting period.  The medium Btu gas (VOC free) powered an Ingersoll‐Rand MT‐250 
microturbine.    The MT‐250  provided  the  power  needed  to  take  the  facility  completely  off  grid  and 
power itself.  The parasitic load of the facility was between 220‐230 kW. 
 
Objective 2: To utilize landfill gas, a biomass product, as a feedstock for the production of compressed 
natural gas (CNG). 
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The  SWACO Green  Energy  Center was  successful  in  converting  landfill  gas  into  CNG  for  vehicle  use.  
Exhibit A contains analytical reports from a qualified laboratory comparing the raw landfill gas with the 
medium Btu gas (post CO2 wash but before the membranes), and the high Btu gas.   
 
Sample production reports for the facility are attached as Exhibit B.  The GGE Sum is the gasoline gallon 
equivalents of CNG that were made during the production run.   The Total Pounds sum is the pounds of 
high Btu gas made in the production run. 
 
Objective  3:  To  demonstrate  the  commercialization  of  the  created  energies  by  powering  SWACO's 
transfer fleet and facilities for research and development, training and other support activities. 
 
SWACO  converted  or  purchased  13  CNG  powered  vehicles  (or  bi‐fuel)  as  a  part  of  this  project.    In 
addition, SWACO made  the  fueling  station available  to  local governments.    From September 2008  to 
June 2010, SWACO had dispensed 13,407.557 gasoline gallon equivalents of CNG to be used as vehicle 
fuel.   
 

III. Project Activities 
 

The  facility collects and cleans raw  landfill gas using CO2 WashTM, a patented technology developed  in 
Ohio by Acrion Technologies. The cleaned methane  is then converted  into compressed natural gas for 
use  in CNG powered cars and medium duty trucks.   Given SWACO’s plan to fuel  its vehicles with CNG 
derived  from a portion of  the processed  LFG,  it was essential  that  the  resulting BioMethane be pure 
enough to meet OEM specification for CNG fuel.  
 
Construction of  the SWACO Green Energy Center  commenced  in  July 2006. The  facility utilizes a CO2 
WashTM  unit  to  process  300scfm  of  LFG  into  ultra‐pure medium Btu methane  that  powers  a  250kW 
microturbine  to generate electricity  for  the  facility, and high Btu methane  for use as  vehicle  fuel  for 
SWACO vehicles. The high Btu methane  is compressed on  site, and  then piped  to above‐ground CNG 
storage  tanks.  The  CNG  is  then  dispensed  at  a  fueling  station  located  adjacent  to  the  building  that 
houses the gas processing equipment. 
 
The methane  purification  plant  consists  of  a modular  CO2 WashTM  facility.      A  process  diagram  is 
attached as Exhibit C.   This plant  is a scalable module  that  is currently designed  to process up  to 300 
scfm  of  raw  landfill  gas  daily.    The  process,  in  general,  is  easily  scaled.  This  allows  for  expansion  of 
processing  capacity with  increasing  landfill  gas  yield.  The  CO2 WashTM  produces  a  primary methane 
stream  consisting  of  approximately  60% methane,  and  40%  CO2, which  is  equivalent  to medium‐Btu 
pipeline gas (600 Btu/scf).  The primary methane stream is suitable for direct use as medium Btu fuel, or 
can be routed to a secondary processing stage for further CO2 removal.  Secondary processing is in the 
form of membrane separation, resulting  in CO2 concentrations of 50 ppm or  less and elevation of the 
methane stream to high‐Btu grade.   
 
Removal of sulfur from the raw landfill gas is accomplished via an iron‐bed reactor.  Removal efficiencies 
for sulfur allow categorization of secondary processed high‐Btu methane as “natural gas” or the more 
stringent “pipeline natural gas” pursuant to 40 CFR §72.2 (U.S. EPA Acid Rain Program). 
 
Nominal operating conditions are ‐50°F and 360 psig.  Such a low temperature and high pressure lead to 
high operating expense (OPEX).  In addition, the high pressure requires a robust compressor, and thick 
walled vessels, both of which lead to high capital expense (CAPEX). 
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The MT‐250 produces sufficient power  to support  the SWACO Green Energy Center operations.     This 
allows SWACO to become independent of the local electrical grid, and become “self‐powered” from on‐
site renewable fuel resources.  At a consumption rate of approximately 100 cfm, the MT‐250 represents 
a  fuel  and  emissions  efficient mode of  small  scale  generating  capacity.      The MT‐250  is  fueled  via  a 
medium‐Btu  (600  Btu/scf)  process  stream  from  the  CO2  WashTM  facility.  Relative  to  air  pollutants 
produced the emissions profile of the MT‐250 compares very favorably to comparable emission rates for 
regional electrical utility power plants. 
 
The entire cost of the project was $4,859,000 with an operation cost of $13,000 per month.  Projecting a 
production of 685 GGE for 330 days per year; depreciating capital and operational cost over 10 years, 
the estimated production cost per GGE would be approximately $2.60 per GGE.   The higher CAPEX of 
this system resulted  in approximately $1.00 per gasoline gallon equivalent cost hurdle compared with 
CNG available from a natural gas pipeline. 

Accomplishments of the Project 

The SWACO Green Energy Center proves the technical and economic feasibility of a smaller scale high‐
Btu landfill gas project. The project has accomplished its goals with a technology and facilities design 
that: 

 It is self‐sustaining; generates enough electricity for its own operations with a microturbine 
powered by a portion of the cleaned landfill gas 

 It creates a flexible business model that can sell electricity to the grid, produce vehicle quality 
fuel and/or pipeline quality natural gas 

 It demonstrates that smaller landfill operations have a viable LFG utilization option that not only 
improves air quality at the site, but can provide a stable, long term source of alternative fuel for 
their fleet operations that is cleaner than the fossil‐based fuel it replaces. 

 Enables SWACO to respond effectively to national environmental policy mandates with respect 
to waste utilization, greenhouse gas reduction, and fleet emission standards with a single 
project.  

IV. Projects Developed Under the Award 
 

A. Publications 
 
A full listing of SWACO publications relating to this project are attached as Exhibit D.  In addition to these 
publications,  Ralph Hirshberg,  P.E.  of  Civil &  Environmental  Consultants,  Inc.  presented  INNOVATIVE 
LANDFILL  GAS  UTILIZATION  THE  SWACO/FIRMGREENTM  ENERGY,  INC.  GREEN  ENERGY  CENTER© 
FRANKLIN  COUNTY  SANITARY  LANDFILL GROVE  CITY, OHIO  at WASTECON  2007.    That  paper  is  also 
attached in Exhibit D. 
 

B. Internet Sites 
 
The  SWACO  Green  Energy  Center  won  the  United  States  Environmental  Protection  Agency  Landfill 
Methane Outreach Program project of  the year  in 2008.    Information on  the award can be  found at:  
http://www.epa.gov/lmop/projects‐candidates/profiles/swacogreenenergycenter.html 
 

C. Collaborations Fostered 
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This project has fostered a closer relationship with Clean Fuels Ohio.  Clean Fuels Ohio has taken on the 
responsibility of planning for CNG filling station locations in the Greater Columbus Metropolitan area to 
better promote  the usage of CNG vehicles.   The SWACO Green Energy Center has been  successful  in 
promoting CNG vehicles and the additional need of CNG fueling stations  in Central Ohio.   A  link to the 
Clean Fuels Ohio website is:  http://www.cleanfuelsohio.org/ 
 
 

D.  Licensing Agreements 
 
The  technology used under  this award are covered by US Patent Nos. 5,681,360, and 5,842,357.   The 
Know‐How Sublicense and Licensing Agreement, Patent Sublicensing Agreement, and Trademark License 
under these patents for SWACO use is attached as Exhibit E. 



EXHIBIT A 
 

 

 
 

 

 

 

SWACO Green Energy Center 
Final Scientific Report 

 

Gas Analytical 
 

































EXHIBIT B 
 

 

 
 

 

 

 

SWACO Green Energy Center 
Final Scientific Report 

 

Sample Production Reports 
 



Gas Made

Run time start 2010/04/19 13:07

Run duration 336ms

Date range 2010/04/15 10:29 to 2010/04/15 12:00

Records 158

Statistics

GGE_last_MInute
Data type Numeric

Start -0.0752

Minimum -0.0752 @ 2010/04/15 10:29

Maximum 0.3698 @ 2010/04/15 11:02

Average 0.1617

Sum 14.6667

Count 79

Total_lbs_last_Minute
Data type Numeric

Start -0.42541708052158356

Minimum -0.42541708052158356 @ 2010/04/15 10:29

Maximum 2.093228578567505 @ 2010/04/15 11:02

Average 0.9150695598993005

Sum 83.01373937900644

Count 79

Consolidated chart

 
©2006-2007 Green World Inc., all rights reserved
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Gas Made

Run time start 2010/04/22 08:04

Run duration 1.1s

Date range 2010/04/21 11:25 to 2010/04/21 18:50

Records 886

Statistics

GGE_last_MInute
Data type Numeric

Start 0.0010

Minimum -0.0010 @ 2010/04/21 11:26

Maximum 0.4182 @ 2010/04/21 17:48

Average 0.2800

Sum 124.5911

Count 443

Total_lbs_last_Minute
Data type Numeric

Start 0.005888125393539667

Minimum -0.005888125626370311 @ 2010/04/21 11:26

Maximum 2.367026448249817 @ 2010/04/21 17:48

Average 1.5848120361500497

Sum 705.1854755666573

Count 443

Consolidated chart
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Gas Made

Run time start 2010/04/23 22:08

Run duration 542ms

Date range 2010/04/23 16:40 to 2010/04/23 17:40

Records 116

Statistics

GGE_last_MInute
Data type Numeric

Start 0.0029

Minimum 0.0008 @ 2010/04/23 17:37

Maximum 0.2996 @ 2010/04/23 17:00

Average 0.2146

Sum 12.8714

Count 58

Total_lbs_last_Minute
Data type Numeric

Start 0.016192345414310694

Minimum 0.00441609404515475 @ 2010/04/23 17:37

Maximum 1.6957802176475525 @ 2010/04/23 17:00

Average 1.2146957487343337

Sum 72.85230635653716

Count 58

Consolidated chart
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Gas Made

Run time start 2010/04/27 14:39

Run duration 677ms

Date range 2010/04/26 10:30 to 2010/04/27 03:30

Records 2040

Statistics

GGE_last_MInute
Data type Numeric

Start 0.0010

Minimum -0.0042 @ 2010/04/26 10:33

Maximum 0.8146 @ 2010/04/27 02:42

Average 0.4776

Sum 487.1730

Count 1020

Total_lbs_last_Minute
Data type Numeric

Start 0.005888125393539667

Minimum -0.02355250157415867 @ 2010/04/26 10:33

Maximum 4.610402584075928 @ 2010/04/27 02:42

Average 2.7033319799020927

Sum 2757.398922427868

Count 1020

Consolidated chart
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Gas Made

Run time start 2010/04/09 09:38

Run duration 458ms

Date range 2010/04/08 16:00 to 2010/04/09 06:26

Records 1728

Statistics

GGE_last_MInute
Data type Numeric

Start 0.0021

Minimum 0.0000 @ 2010/04/09 06:25

Maximum 0.6021 @ 2010/04/09 05:30

Average 0.4076

Sum 352.6329

Count 864

Total_lbs_last_Minute
Data type Numeric

Start 0.011776250787079334

Minimum 0.0 @ 2010/04/09 06:25

Maximum 3.4077526330947876 @ 2010/04/09 05:30

Average 2.3069404766070605

Sum 1995.9023531088606

Count 864

Consolidated chart
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Statistics 

Consolidated chart 

gasmade 
Run time start 2010/06/25 08:44

Run duration 1.47s

Date range 2010/06/24 11:00 to 2010/06/25 08:44

Records 5489

Total_lbs_last_Minute
Data type Numeric

Start 0.013248282833956182

Minimum 0.0 @ 2010/06/24 11:56

Maximum 3.1368988752365112 @ 2010/06/25 08:33

Average 0.7881691173730503

Sum 1024.8179571256042

Count 1162

GGE_last_MInute
Data type Numeric

Start 0.0023

Minimum 0.0000 @ 2010/06/24 11:56

Maximum 0.5542 @ 2010/06/25 08:33

Average 0.1393

Sum 181.0632

Count 1162

FT-551
Data type Numeric

Start -0.0.#/m

Minimum -1.3.#/m @ 2010/06/25 08:19

Maximum 8.5.#/m @ 2010/06/25 08:13

Average 3.0.#/m

Sum 10373.5.#/m

Count 3165

Page 1 of 2Green World

6/25/2010mhtml:file://C:\Documents and Settings\paul.flory\Desktop\Green World 6-24 & 6-25 10....



  

 
©2006-2007 Green World Inc., all rights reserved

Page 2 of 2Green World

6/25/2010mhtml:file://C:\Documents and Settings\paul.flory\Desktop\Green World 6-24 & 6-25 10....



EXHIBIT C 
 

 

 
 

 

 

 

SWACO Green Energy Center 
Final Scientific Report 

 

Process Flow Diagram 
 

 

 

 

 



 

Exhibit C 
Final Scientific Report    Page 2 of 2 

 

 

The CO2 WashTM produces a primary methane stream consisting of approximately 60% methane, and 
40% CO2, which  is equivalent to medium‐Btu pipeline gas (600 Btu/scf).   The medium Btu fuel can be 
used in the MT 250 to power the facility of further polished into a high Btu product. 

 

 

 
 
The  primary methane  stream  is  suitable  for  direct  use  as medium  Btu  fuel,  or  can  be  routed  to  a 
secondary processing stage for further CO2 removal.  This secondary process is what generates the high 
Btu gas that can be used as a vehicle fuel. 
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SWACO's Green Energy Center opened for business in mid-September, with its CNG fuel pumps (in foreground)
ready to service fleets - at a price well under $3/gallon.
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GREENENERGYCENTER

LANDFILLGAS
TOFLEETFUELIN OHIO

Solid waste

authority in Ohio
opens facility
that converts

landfill gas to
compressed
natural gas for
useinfleet
vehicles and

medium duty
trucks.

Nora Goldstein

BIOCYCLE

N mid-September, the Solid Waste Au-
thority of Columbus, Ohio (SWACO)
cut the ribbon on Phase I of its Green
Energy Center that will convert landfill
gas to compressed natural gas (CNG)
for use in CNG-powered cars and medi-
um duty trucks. The facility will pro-

duce enough CNG annually to replace al-
most 250,000 gallons of gasoline, plus
additional natural gas sufficient to generate
electricity for its own operations.

The first phase of the Green Energy Cen-
ter is a public-private partnership between
SWACO and FirmGreen Fuels, LLC. The
facility collects and cleans raw landfill gas
- primarily composed of methane and car-
bon dioxide, using CO2 Wash@, a patented
technology developed in Ohio by Acrion
Technologies.

"What started four years ago as a vision
has now become reality. By making use of
waste gases generated from SWACO's
landfill, we will produce renewable trans-
portation fuels and skilled jobs for Ohio,"
says Steve Wilburn, founder and CEO of
FirmGreen, Inc.

SWACO is working to establish a con-
sortium of local governments, school dis-
tricts and private companies that are in-
terested in adding CNG vehicles to their

fleets. The CNG is available at a gasoline
gallon equivalent rate ofless than $3.00 -
and much less if pumped directly from the
Green Energy Center. "We will have plen-
ty of fuel beyond what we could ever real-
istically use ourselves," says Ron Mills,
SWACO's Executive Director. "This is the
very first application of the Acrion tech-
nology anywhere in the world. We felt con-
fident enough that it would work that we
were willing to invest in the installation of
a modest sized facility to demonstrate that
it would perform as advertised to produce
the quality offuel needed. We plan to con-
vert many of our vehicles and light-duty
pickups to run on CNG within the next 18
months, and hope to see it used in our
heavy-duty trucks as soon as possible."

PROJECTBACKGROUND

SWACO operates a 142-acre municipal
solid waste landfill to service the Colum-
bus, Ohio metro region. The Franklin
County landfill, which opened in 1985 and
receives about 3,500 tons/day ofMSW, has
about 200 acres of expansion capacity. Be-
cause of the size of its landfill, SWACO
was required to install a landfill gas col-
lection system and a flare. Recognizing
that the flare releases carbon monoxide
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School districts

getting hit with
budget-breaking
costs for diesel fuel

are good candidates
for CNG-powered
buses.

and NOX into the atmosphere - and that
the landfill gas itself contains methane
and CO2, which have resource value -
SWACO decided to explore options avail-
able to utilize the resources.

The more traditional landfill gas to electric
system was a challenge because of access to
the grid, as well as the low price paid by the
utility for the electricity. While researching
alternatives, SWACO learned about the
Acrion CO2wash system, which was operat-
ing on a pilot basis at the Burlington County
(New Jersey) Resource Recovery Complex.
SWACO's previous executive director, Mike
Long, toured the installation in Burlington
County and ultimately decided to create a
partnership with FirmGreen to install a CO2
wash system at the SWACO landfill (see "Fu-
eling Up On Landfill Gas," May 2007).

Acrion's CO2 Wash technology removes
hydrogen sulfides, VOCs and siloxanes out of
raw landfill ga,s. Carbon dioxide, recovered
from the landfill gas and converted to liquid

Figure1. SchematicofCO2Wash@systemandCNGproduction
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form, is used to wash out the impurities. The
CO2 Wash product, a contaminant-free mix
of roughly 70 percent methane and 30 per-
cent CO2,can be used to generate electricity.
Further separation of CO2 produces
methane suitable for pipeline injection or ve-
hicle fuel.

Groundbreaking on the Green Energy
Center was held in June 2005. Elements of
the center are being developed in phases.
Phase I was financed and developed by SWA-
CO. Capital costs were about $4.5 million.
Phase II is being developed (and will be
owned) solely by Firm Green. At full build-
out ofPhase II, FirmGreen will process 4,000
MMBtu/day of landfill gas using the CO2
Wash technology. With CO2 production,
yields are expected to equal about 25,900
diesel gallons (DGE)/day as CNG and 132
tons/day of CO2,

"This amount of CNG production can dis-
place the use of 9.1 million gallons of diesel

fuel or 10.3 million gallons of gasoline annu-
ally," notes Rhonda Howard, Communica-
tions Director of Firm Green, which is based
in Newport Beach, California. "Our ability to
produce a fuel that meets natural gas
pipeline specifications as well as vehicle and
truck engine specifications (ASTM)provides
us marketing flexibility."

There is currently a 30-year supply of gas
in SWACO's Franklin County Landfill.
Phase I of the Green Energy Center will tap
approximately 8 percent of that supply. "We
are relying on Firm Green to take the balance
of the gas - 92 percent - that is available,"
says Mills. "Groundbreaking and construc-
tion of Phase II of the Center could happen
in a matter of months."

CNGVEHICLEAND TRUCKENGINES

With the CNG production facility up and
running at the Green Energy Center, the
next step is supply fuel to vehicles and trucks
equipped with CNG engines. At this point in
time, however, the number of vehicles
equipped with those engines is limited. "It is
the proverbial chicken-and-egg situation,"
says Mills. "One reason we don't have more
trucks and vehicles with CNG engines is the
lack of access to CNG. There are light-duty
passenger vehicles and pickup trucks, as
well as light-duty construction equipment,
being converted to run on CNG. I don't think
it will be that long before we start seeing
more production ofCNG-powered vehicles as
it is not a big challenge from an engine per-
spective. But right now, people committed to
driving a CNG vehicle either have to pur-
chase that vehicle in a state where dealer-
ships are licensed by auto manufacturers to
sell CNG light-duty vehicles, or buy a con-
ventional vehicle and have it converted to a
CNG engine. Either option means the con-
sumer will be paying anywhere from 30 to 50
percent more to get it equipped. That is an
important barrier in the marketplace right
now and one that elected officials are paying
attention to."

That cost may be a barrier for individual
consumers, however the price differential
when considering a higher cost pickup truck
or a school bus becomes less significant, he
adds. "Because the starting sticker price is
higher, retrofitting those vehicles with a
CNG engine is a smaller portion ofthe total
cost. For example, a pickup truck with a
gasoline engine may be $50,000; with a CNG
engine, it could cost $70,000, which is a
smaller differential when considering the
lower cost fuel."

School districts that are getting hit with
budget-breaking costs for diesel fuel this
year also are good candidates for CNG-
powered buses. "Again, there may be a 20
percent difference in the sticker price, but
if a school district can realize significant
savings by using a lower cost fuel, the pay-
back on the investment becomes very prac-
tical," says Mills.

While school districts near the Green
Energy Center have access to CNG, much
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The solid waste authority's
CNG-powered Honda Civic is
parked next to a CNG fuel
pump during the recent ribbon-
cutting event.

wider infrastructure is needed to truly
make this conversion to an alternative
fuel feasible. "Our primary barrier re-
mains infrastructure - how to deliver the
fuel to fleets," says Rhonda Howard. The
access issue makes waste collection
trucks an ideal candidate for an engine
conversion - if they are using a disposal
facility that captures and converts landfill
gas to CNG. "If a fueling station is at the
landfill, haulers can drop off the trash, go
to the fuel station, and go back out on
their routes," she adds.

Howard notes that the CO2 Wash tech-
nology can work with biogas produced by
anaerobic digesters, but it may not be an
ideal application. "The real advantages of
the CO2 wash is its ability to effectively
screen out all kinds of contaminants, such
as are found in landfill gas," she says.
"Other technologies are designed to clean
out one contaminant, but not another. In

MODERNCOMPOSTINGTECHNOLOGIES
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D Visa/Mastercard D American Express
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addition, the wash system uses CO2as the
solvent. As trash decomposes, it continu-
ously generates CO2 with the methane, so
our solvent is continuously available. And
because we aren't bringing any solvents to
the site, the permitting process is simpli-
fied, reducing the time it takes to get a
project going."

Recently, Ron Mills spent two days in
Washington, D.C., meeting Congressional
representatives from Ohio to tell them
about the Green Energy Center and dis-
cuss the role that the federal government
can play in providing incentives to pro-
mote development of the infrastructure
needed to make this kind of fuel practical
nationwide. "If enough people are buying
the vehicles that use this fuel, more cars
will be produced that can run on the fuel
and the price differential will keep going
down," says Mills. "We also discussed how
there need to be numerous outlets for this
fuel around the country. The federal gov-
ernment can help get this jump started."

Mills estimates that there are at least 100
MSW landfills in the U.S. that are the size of
SWACO's Franklin County landfill. "Our
landfill alone has the potential to replace 3
million gasoline gallon equivalents per year,"
which he says is a conservative estimate. "If
the other landfills of our size installed a sys-
tem like ours, it could be significant in a na-
tional strategy for energy independence." .

"Anabsolutenecessityfor
compostfacilitymanagers

andoperators"
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City State Zip
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Sunday, October 26, 2008 at 5:38 p.m. 

GROVE CITY, OH (AP) -- Trash is being turned into gas near a landfill outside Columbus, 
where officials hope the cheap fuel - made from the methane that's naturally given off by 
rotting garbage - will eventually be used in local buses and other government vehicles. 

Solid Waste Authority of Central Ohio officials said the landfill's new gas-producing facility is 
capable of processing 300,000 gallons. That's enough to possibly fuel Franklin County's 
entire fleet of 400 vehicles, said Charlotte Ashcraft, director of fleet management for the 
county. 

But it's just a fraction of how much fuel the landfill could produce, considering how much 
methane is given off by the dump's waste, according to the authority director Ron Mills. 
About 92 percent of the landfill's methane is allowed to escape through two large venting 
stacks, he said. 

A California company, FirmGreen Fuels, plans to invest $14 million to boost capacity even 
further, officials said. The landfill could produce 10 times more fuel at a cost of about $2 a 
gallon, only a little cheaper than the $2.50 a gallon for regular gas that many consumers 
are paying today. 

But prices could easily rise again toward $4 a gallon, making the landfill-produced fuel even 
more attractive. 

"It's not going to be the bargain when gas prices are where they are today," Mills said. "But 
who expects gasoline prices to stay in that range?" 

The agency has been using the fuel in several of its vehicles, but Mills' ambition is to also 
run it in garbage trucks, Central Ohio Transit Authority buses and other local government 
vehicles. 

But some area cities are wary about investing in natural gas. Gahanna is considering 
building a fueling station for its vehicles, but wants to wait to see how other cities use 
natural gas, service director Terry Emery said. 

Franklin County already has two Ford sedans that run on natural gas and four vans used for 
animal control that use a mix of gasoline and natural gas, Ashcraft said. 

But access to filling stations is a major problem, she said. The landfill's new station nearby 
would be only the second natural gas station in the area. 

"If you get clear up at the north side of town and you run out of gas, you're in trouble. You 
can't just stop at a BP," Ashcraft said. "I think a lot of people are in the wait-and-let-
somebody-else-do-it-first stage." 
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[**06:06:49**] OUR SUCCESS STORY OF THE WEEK COMES FROM GROVE CITY, OHIO, HOME OF THE SOLID WASTE 
AUTHORITY OF CENTRAL OHIO, WHERE THEY'RE TURNING TRASH INTO A RENEWABLE FORM OF NATURAL GAS. AT 
THIS SPECIALLY-BUILT GREEN ENERGY CENTER, MORE THAN 3,000 TONS OF TRASH IS DUMPED INTO SWACO'S 
LANDFILL EACH DAY. AS THE TRASH DECOMPOSES, IT RELEASES METHANE GAS, WHICH IS COLLECTED THROUGH A 
NETWORK OF PIPES. THE RAW GAS IS PROCESSED AND CLEANED THROUGH A SERIES OF STACKS AND TUBES 
LOCATED INSIDE THE ENERGY CENTER. THE RESULTING COMPRESSED NATURAL GAS IS USED TO POWER SWACO'S 
FLEET OF BI-FUEL PICKUP TRUCKS AND DEDICATED CNG CARS. JOHN REMY: PHASE ONE OF THE GREEN ENERGY 
CENTER AT SWACO USES ABOUT 8% OF THE AVAILABLE LANDFILL METHANE. THAT HAS THE CAPACITY TO CREATE 
250,000 GASOLINE GALLON EQUIVALENTS ANNUALLY. JOHN: THAT'S A QUARTER OF A MILLION GALLONS OF 
GASOLINE THAT WON'T BE NEEDED! SWACO IS ALSO EDUCATING CONSUMERS WITH LANDFILL TOURS SHOWING 
COMMON WASTE BEING USED TO CREATE RENEWABLE, CLEANER FUEL. NO ONE WORKS CAR MAGIC LIKE OUR OWN 
PAT GOSS! SO LET'S SEE WHAT TRICKS HE HAS UP HIS SLEEVE THIS WEEK. PAT: JOHN, AS YOU KNOW, WE GET A LOT 
OF QUESTIONS ABOUT PDR, AND HERE TO GIVE US SOME POINTERS IS MR. BOB MCCONKEY FROM DENTBUSTERS. 
BOB, WELCOME TO GOSS' GARAGE.  
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Landfills turn rotting garbage into energy 
Posted by John Funk/Plain Dealer Reporter December 07, 2008 06:56AM 
Categories: Energy 

The next time you take out the garbage, here's something to think about: You 
haven't seen the last of it. 

There is a good chance the stuff will return -- morphed into methane in the bowels 
of a regional landfill, cleaned up, pressurized, injected into the rivers of natural gas 
flowing through utility pipelines -- and eventually back into your house.  

It took nature millions of years to build the vast reservoirs of natural gas trapped 
thousands of feet underground. These days, it takes a landfill owner only a few 
months to begin generating a similar mixture of gases in pockets just a few hundred 
feet down.  

Landfill gas is not as naturally potent as so-called natural gas, because it contains 
40 percent to 50 percent carbon dioxide, along with chemical impurities. But it can 
be cleaned up.  

Roadell Hickman/The Plain Dealer 

Matt Abahazi "tunes" each of the 150 gas wells twice a month at Waste Management's 
American Landfill in Waynesburg, Ohio, to check for gas quality as well as to help figure out 
what's happening hundreds feet below as anaerobic bacteria digest anything organic.  
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And, unless it is used as a fuel, it must by federal law be immediately flared 
(burned) on site because the U.S. Environmental Protection Agency has identified it 
as a greenhouse gas at least 20 times more potent than carbon dioxide. Of the 
nation's 1,000 or so large landfills, more than 400 in 43 states are today producing 
commercial gas instead of flaring, said the U.S. Environmental Protection Agency.  

The gas is used in boilers, ovens, manufacturing processes, space heating, 
electricity generation and as a truck and bus fuel.  

There are 11 Ohio landfills participating in the EPA's gas-to-energy program. And 
more will be added soon.  

The Solid Waste Authority of Central 
Ohio, or SWACO, is preparing to jump 
into the vehicular fuel market with its 
landfill gas. 

The publicly owned facility near 
Columbus is fueling a car and a truck 
with pure methane that it began to 
produce on-site in September from just 
8 percent of its landfill gas. It plans to 
power its garbage transfer trucks with 
the gas and run a turbine to generate 
electricity for on-site use.  

Small as it is, SWACO's purification system can generate the methane equivalent of 
250,000 gasoline gallons per year, said spokesman John Remy. The authority is 
talking with school districts and transit systems about converting their buses to run 
on methane.  

Landfill gas is definitely big business.  

Houston-based Waste Management, the nation's largest investor-owned trash 
hauler, is producing fuel from landfill gas at more than 100 landfills, including four in 
Ohio -- Solon, Dayton, Toledo and Waynesburg, near Canton..  

"It's resource recovery," said Paul Pabor, Waste Management's vice president for 
renewable energy. "The gas flow at a landfill will increase as long as it keeps 
receiving waste."  

The company's new business focus is to use the gas to generate electricity with 
small gas-fired generators producing 3 to 6 megawatts, and shipping the power to 
local utilities. There is a federal tax credit for power produced with "biogas" - 1 cent 
credit for every kilowatt-hour generated.  

"We directly own 43 power plants," said Pabor, "generating about 220 megawatts."  

Add that to the power produced by outside companies at some of Waste 
Management's other landfills and you have enough electricity to power nearly one 
million homes, according to the company's Web site.  

The company added six new gas production plants this year and hopes to add 
another nine next year, Pabor said.  

Waste Management is looking to generate electricity at two additional Ohio sites in 
the future.  

Click here to see how the process works. (PDF) 
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Waynesburg landfill supplies Dominion 

Currently, its largest Ohio project is the American Landfill in Waynesburg, which 
has about 15 million tons of waste already buried and 3,000 tons to 4,000 tons of 
new trash arriving daily from all over Northeast Ohio. The 234-acre landfill ships 4 
million cubic feet of gas every day to Dominion East Ohio Gas Co.'s underground 
storage reservoirs about nine miles away.  

That's enough gas to heat 6,500 Midwestern 
homes, said Todd Brady, Waste Management's 
Ohio gas operations manager. He said the 
company began cleaning the gas in 2003 rather 
than burning it. 

"We have 155 wells, which we tune on a pretty 
consistent basis," he said.  

Tune?  

"We have to make sure the methane gas is of the 
right quality," Brady said. "It varies based on the 
depth of the well, how much organic there is and 
how old the trash is."  

Brady especially likes household garbage and 
trash.  

"The higher your residential percentage, the 
higher the organics," he said. "Probably 95 
percent of what you throw away is going to break 
down - old clothes, left over pizza boxes, anything 
like that."  

The trash typically has to be buried 18 to 24 
months before it gets cooking. Then the wells, 
unless they were installed as the garbage was put in, have to be drilled.  

Conventional rotary drilling rigs are used to bore into each self-contained landfill 
section, called a cell. But that's about all these wells have in common with a 
traditional natural gas well.  

Landfill wells stop at about 150 feet, are interconnected near the surface and 
operate at negative pressure.  

In other words, they are a kind of sprawling vacuum system, gently sucking the gas 
from the deeply buried, decomposing garbage and piping it to a pump station.  

There is it either immediately burned -- or analyzed, cleaned up, pressurized and 
sent to a customer. The landfill at Waynesburg sends the gas to Dominion East 
Ohio gas company.  

 
Filtering plant cleans up the gas 

Getting the gas safely out of the ground is where Waste Management's role stops. 
The cleaning is done by Toro Energy of Ohio, a subsidiary of National Fuel Gas Co. 

Roadell Hickman/PD 

Up to 4,000 tons of household 
garbage and trash from 
throughout Northeast Ohio arrive 
at Waste Management's 
American Landfill every day. The 
waste is buried in lined "cells" up 
to 300 feet deep. But it's just the 
beginning of a resource recovery 
process that converts the stuff 
into 4 million cubic feet of gas per 
day.  
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of Williamsville, N.Y.  

Toro's automated filtering plant at the landfill is interfaced electronically with 
Dominion's pipeline and reservoir control center. And a Dominion employee 
watches over the system.  

Because Toro's clean-up plant removes only the chemical contaminants -- not the 
carbon dioxide -- the gas cannot be mixed one-for-one with the utility's pipeline gas 
because its energy value is only about half that of pipeline-quality gas.  

Instead, it is piped into Dominion's underground storage nine miles away, to await 
careful mixing with gas flowing in a nearby major Dominion pipeline.  

"It's about a 20 percent blending rate," said Darrin Wiechman, Operations Manager 
with National Fuel Gas. In other words, the blend is one part landfill gas, five parts 
pipeline gas.  

At that percentage, the lower-BTU landfill gas does not dilute the pipeline gas 
energy levels below the industry standard --one million BTUs per 1,000 cubic feet.  

"It's all automatically controlled within the system" said Wiechman. "If the gas flow 
rate of Dominion's pipeline reduces, the system will automatically back down our 
flow rate. The gas is continuously monitored downstream of the blending."  

Dominion spokesman Neil Durbin said the big transmission pipeline carries 80 
million cubic feet of gas per day -- 20 times the 4 million cubic feet coming from the 
landfill.  

He said the energy density of the gas is measured after the blending to make sure it 
meets industry specs.  

And just for the record, Durbin said, Dominion does not actually own the gas -- but 
only stores it and ships it on behalf of gas marketers, who asked not to be identified 
for competitive reasons.  

Integrys Energy, an independent gas supplier that now markets "biogas," does not 
buy from Waste Management, a spokeswoman. said  

Other independents are evidently considering the move to "green," however. Durbin 
said Dominion is talking to a number of landfill operators about accepting landfill 
gas -- which if shed of its carbon dioxide has the same energy value as natural gas. 
 

Posted by boatbum on 12/07/08 at 8:09AM 

Finally, a "green" energy program that is viable and not an unproven 
concept being pushed by radical environmentalists. Create a market and 
they will come. 
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Posted by cleveland78 on 12/07/08 at 10:39AM 

Ohio's renewable energy mandates for electricity will create one market 
for LFG. And if you live in a municipally-owned provider area (amp-
Ohio.org), talk to your city leaders about this type of energy.  

Inappropriate? Alert us.  Post a comment

Posted by Lapdog65 on 12/08/08 at 10:05AM 

Great! Set this up at City View center, clean up the methane and offer 
free or discounted power to the tenants, it's a win win situation, the 
smell will be gone, and it will attract new tenants.  

Inappropriate? Alert us.  Post a comment

Posted by Lapdog65 on 12/08/08 at 10:08AM 

Set this up at City View Center in Garfield Hts. Offer free or discounted 
power to the tenants to attract new tenants. It's a win win if you can 
get rid of that smell, and attract new business. 

Inappropriate? Alert us.  Post a comment

Posted by toko1 on 12/08/08 at 10:30AM 

I think Lapdog65 is on to something 

Inappropriate? Alert us.  Post a comment

Posted by Lapdog65 on 12/08/08 at 10:49AM 

Sorry for the double post, but I've been thinking of this since seeing the 
burning of the gasses for the past 20 years in the dump on the North 
West corner of I-77 and rt 82 in Broadview Hts. , It's seems silly to burn 
off the gas when it can be used for energy. 

Inappropriate? Alert us.  Post a comment
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Operatingonwaste
Landfillgasprojectfuelsownvehicles

ByJimJohnson

A new $5 million landfill gas
project in Central Ohio already
is fueling a couple of solid waste-
related vehicles. But that's just
for starters as there are plans to
greatly expand use of the tech-
nology at both the landfill and up
and down the state.

The Solid Waste Authority of
Central Ohio is using gas from
its 363-acre landfill in Grove
City, near Columbus, to create
compressed natural gas that's al-
ready running two SWACO vehi-
cles.

Plans are to increase the au-
thority's natural gas fleet in the
months and years ahead as well
as provide a publicly available
location for local municipalities
and consumers to fill up their al-
ternative-energy vehicles.

And there will be a second
phase, owned by project develop-
er Firm Green Inc., which will
ultimately produce the equiva-
lent of 10 million gallons of gaso-
line equivalent fuel each year.

"Here at SWACO, with the
support of our board, we look at
the waste stream as a potential
resource," said Ron Mills, execu-
tive director of the authority.
"What can we do with that re-
source?"

Make vehicle fuel.
"Energy independence, I take

that very seriously. We need to
change, fundamentally, the way
we do business," said Steve
Wilburn, founder and CEO of
Newport Beach, Calif.-based Fir-
mGreen.

FirmGreen plans to construct
phase two of the project, which is
approximately 10 times larger
than SWACO's current fueling
operation, during the next couple
of years. That project will be part
of what Wilburn sees as a corri-
dor of natural gas vehicle fueling
facilities eventually stretching
from Cincinnati to Cleveland in
Ohio.

"The marketplace, we're just
now starting to see significant
numbers of these automobiles
being produced in the United
States," Mills said. "We're now
starting to see commitments be-
ing made by the auto makers."

While the case can be made for
the future of natural gas-pow-
ered vehicles these days, that
wasn't always the case.

Mills remembered starting the
project years ago without a guar-
antee that the effort would be
successful. That's why SWACO
started with the smaller phase
one, which it owns. "We didn't
want to get the cart before the
horse because there was a dis-
tinct possibility that this would-
n't work the way we thought it
would work," he said.

But Mills and Wilburn and a
few dozen other folks weren't
milling around the fueling sta-
tion recently because the project
doesn't work. And there weren't
speeches and thank-yous and a
ribbon to cut because of failure.

"By going in this direction, we
knew we were taking a risk. But
we also knew that there would
be a substantial revenue back to
the community," Mills said.

SWACO will receive about $50
million from FirmGreen over 20
years for the landfill gas it pro-
vides that company.

Both FirmGreen and SWACO
talk about the rather large po-
tential for the project at the
landfill and at other disposal
sites throughout the country.
With about 100 other landfills
that are about the same size as
the SWACO site in the United
States, Mills said there is the po-
tential to create enough fuel to
become a significant source ofve-
hicle fuel.

Vehicles fueled at SWACO pay
the equivalent ofless than $2 per
gallonofgasoline. .

DI

ContactWasteNewsseniorreporterJim
Johnson at (937) 964-1289 or
jpjohnson@crain.com

,



INNOVATIVE LANDFILL GAS UTILIZATION 
THE SWACO/FIRMGREENTM ENERGY, INC. 

GREEN ENERGY CENTER© 
FRANKLIN COUNTY SANITARY LANDFILL 

GROVE CITY, OHIO 
 

Ralph Hirshberg, P.E. 
Project Manager 

Civil & Environmental Consultants, Inc. 
Cincinnati, Ohio  45241 

 
 
ABSTRACT 
The Green Energy Center© located at the Franklin County Sanitary Landfill is a fully integrated renewable energy project 
developed in a cooperative effort between FirmGreen

TM
 Energy, Inc., (FirmGreenTM) and the Solid Waste Authority of 

Central Ohio (SWACO). SWACO owns and operates the Franklin County Sanitary Landfill (FCSL) which serves as the 
host facility. 
 
The Green Energy Center concept focuses on utilization of a host landfill as a renewable energy "fuel cell". A specific 
emphasis is placed on a maximum utilization of available energy as well as carbon sequestration. Unlike conventional gas-
to-electric or gas-to-pipeline projects, the Green Energy Center includes a rather unique business model that facilitates 
production of a wide variety of energy sources from landfill gas that may include compressed natural gas (CNG), ethanol, 
methanol and biodiesel fuel. These products are in addition to the conventional gas-to-electric and pipeline gas 
commodities. This unique aspect of the Green Energy Center's business strategy was developed to achieve an optimal 
synergy between the environmentally responsible energy development, and a viable business model. 
 
Unlike typical gas-to-energy projects, the Green Energy Center utilizes a hub-and-spoke project model, with the patented 
CO2 WashTM technology serving as the hub for a variety of energy development possibilities. The CO2 WashTM technology 
is a landfill gas separation and purification process, which separates the methane and carbon dioxide (CO2) components of raw 
landfill gas, and purifies each gas stream using a low emission, cold distillation process. The levels of product purity 
achieved facilitates direct use of processed methane for a wide variety of uses including vehicle fuel, process feedstock (e.g. 
methanol and hydrogen production), and low, medium or high-Btu fuel. Likewise, the ultra-pure carbon dioxide is suitable 
for direct sale as an industrial commodity. Sequestered carbon dioxide can also be used directly as "plant-fuel" for 
greenhouse crop production. 
 
The hub-and-spoke model provides diversification critical to success of landfill gas-to-energy projects which rely on 
variable energy market price points. In today's volatile energy market, such diversification can determine the success or 
failure of typical landfill gas projects which rely on single commodity price points. More importantly, this model also 
provides the host site with a multitude of opportunities for unique energy projects and interaction with host communities, 
local school districts or governmental entities through supply or price support of renewable energy resources. 
 
The Green Energy Center at FCSL includes the following components: 
 

• A modular methane/CO2 purification plant, capable of scale-up to approximately 5,000 MM Btu per day; 
• A compressed natural gas station used to support an on-road CNG-diesel conversion study of refuse transfer trucks 

operated by SWACO; 
• A 250 kW microturbine used to power all SWACO infrastructure: 
• An IC-engine electrical generating station with a maximum capacity of approximately 6.5 MW; 
• An 80-acre greenhouse complex which will utilize purified CO2 as well as waste heat from both the IC-engine unit 

and microturbine facilities; 
• A methanol synthesis plant; and 
• A biodiesel production facility. 

 



Expansion (or contraction) of each component will be dictated by prevailing market price points, or needs of the host 
facility. As previously indicated, the diverse range of end-uses for landfill sourced energy also offers the landfill 
operator/owner unique opportunities for interaction with the host community; a factor which can assist in promoting expansion 
of the “fuel cell” concept, thereby securing long-term disposal as well as “energy” capacity. 
 
COMPANY PROFILE AND TECHNOLOGY 
FirmGreen

TM
 Energy, Inc. 

 
General Company Profile 
Headquartered in Newport Beach, CA, FirmGreen

TM
 

Energy, Inc., (FirmGreenTM) is a privately held, 
integrated energy company participating in virtually all 
aspects of the global green energy business. It is involved 
with identifying, developing and commercializing new 
and emerging technologies and energy systems that 
promise to play an increasingly important role in the 
world's energy mix. 
 
President and CEO - Steven Wilburn  
Mr. Wilburn has over thirty years of experience in the 
development and implementation of energy production 
technologies and alternative energy projects. 
Previously Mr. Wilburn served as Vice President of 
Business Development for the Allied Signal 
Corporation. In this capacity, he personally managed 
the successful development of over three hundred 
(300) million dollars of alternative-fuel energy 
generation projects. 
 
He founded FirmGreen

TM
 Energy, Inc. in 2001. In his 

present capacity, he successfully acquired the world 
wide patent rights to the CO2 WashTM technology. The 
CO2 WashTM technology cleans landfill gas into 
pipeline quality methane and industrial grade CO2. The 
company is currently developing green energy projects 
in excess of $750 million dollars worldwide. 
 
Patented Gas Purification Technologies 
 
FirmGreenTM's patented and proprietary CO2 WashTM 

technology includes methods of converting solid, liquid 
and gaseous hydrocarbons from readily available 
renewable resources including landfill gas, forest residues, 
and biomass, into clean bio-fuels to power vehicles, 
electrical power generating stations and fuel cells. 
Purified hydrocarbons, in the form of methane can also 
be used as feedstock for industrial chemical production, 
replacing conventional non-renewable feedstock (e.g. 
natural gas). 
 
The CO2 WashTM process may be simply described as a 
cold distillation process which utilizes the solvent 
properties of carbon dioxide to remove non-methane 
hydrocarbons and similar "impurities" from raw landfill 
gas. This technology also removes organosilicates 

(siloxanes) which pose risk to internal combustion 
engines and turbines often used for power generation at 
municipal solid waste landfills.  Non-methane 
contaminant removal efficiency easily satisfies 
requirements for pipeline and compressed natural gas 
applications. 
 
Developed through years of research sponsored by the 
United States Department of Energy (DOE), the CO2 
WashTM process achieves high levels of methane and 
carbon dioxide purity through a series of compression 
and refrigeration cycles, with the these primary gas 
fractions separated within a distillation column.  Process 
residuals, referred to as a "slipstream" are concentrated in 
the lower end of the distillation column. The slipstream 
and concentrated gas impurities are typically routed to 
the host landfill’s control device (typically a flare) for 
thermal oxidation. 
 
The CO2 WashTM process was demonstrated on a field 
scale from September through November 2001 at the 
Rutgers University Ecocomplex as a component of their 
“Environmental Incubator” technology program.  The 
Environmental Incubator is a high-tech research center 
for start-up businesses, focusing on industries that market 
and develop environmental cleanup technologies. 
 
In November, 2001, following one-hundred hours of 
continuous operation, the pilot scale facility recovered 
high purity methane fuel and food grade liquid CO2 from 
raw landfill gas. Composition of the methane and CO2 
process streams were confirmed through independent 
analysis, by Atlantic Analytical Laboratory, Whitehouse, 
NJ.  Results of the analysis are provided as Attachment I.  
Contaminant removal was achieved for non-methane 
hydrocarbons and organosilicates to laboratory detection 
levels (10 ppb or less). 
 
For landfill based projects, the CO2 WashTM technology 
facilitates production of a wide variety of renewable 
energy products, which may include compressed natural 
gas (CNG), ethanol, methanol, biodiesel, and ultra-pure 
hydrogen. The capacity for hydrogen production is of 
immediate interest with respect to the burgeoning fuel 
cell research industry. 
 
As a greenhouse gas-friendly technology, the CO2 
WashTM process also partitions and purifies the CO2 
fraction of landfill gas.  This offers enormous benefits 
relative to the sequestration of CO2, and diversion from 



the atmosphere to marketable commodities.  For the 
Green Energy Center, ultra-pure CO2 partitioned from the 
landfill gas stream is proposed to be used to support 
development of a high-tech 80-acre greenhouse complex 
which utilize the CO2 as a renewable source of plant 
fertilizer.  The CO2 can also be marketed for a wide 
variety of industrial applications including dry ice, 
coolants and non-toxic cleaning agents. 
 
GREEN ENERGY CENTER COMPONENTS 
 
CO2 WashTM Methane Purification Plant 
 
The methane purification plant being constructed at the 
Green Energy Center consists of a modular CO2 WashTM 
facility.  This plant is a scaleable module that is currently 
designed to process up to 5,500 cfm of raw landfill gas 
daily.  Operating ranges for CO2 WashTM modules 
typically range from 300 cfm to 7,000 cfm.  The process, 
in general, is easily scaled.  This allows for expansion of 
processing capacity with increasing landfill gas yield. 
 
The CO2 WashTM produces a primary methane stream 
consisting of approximately 80% methane, and 20% 
CO2, which is equivalent to medium-Btu pipeline gas 
(800 Btu/scf) (Figure 1).   
 

 
 

Figure 1 
CO2 WashTM Process Schematic 

 
The primary methane stream is suitable for direct use as 
medium Btu fuel, or can be routed to a secondary 
processing stage for further CO2 removal (Figure 2).   
 

 
 

Figure 2 
CO2 WashTM Methane Enrichment 

 

Secondary processing assumes the form of membrane 
separation, resulting in CO2 concentrations of 50 ppm or 
less and elevation of the methane stream to high-Btu 
grade. 
 
Removal of sulfur from the raw landfill gas is 
accomplished via an iron-bed reactor (Figure 1).  
Removal efficiencies for sulfur allow categorization of 
secondary processed high-Btu methane as “natural gas” 
or the more stringent “pipeline natural gas” pursuant to 
40 CFR §72.2 (U.S. EPA Acid Rain Program). 
 
Initial operation of the CO2 WashTM technology at the 
Green Energy Center will occur in two primary phases.  
Phase I will include processing of a low-Btu methane 
stream used to fire a 250kW microturbine.  Feed rates are 
projected in the range of 100 cfm.  A second process 
stream of approximately 120 cfm will be converted to 
high-Btu methane, suitable for compression and use as 
CNG for vehicle fuel.  This process stream will produce 
approximately 1,200 Diesel Gallon Equivalents (DGE) 
per day which will be used for the SWACO vehicle fuel 
conversion program. 
 
Phase II will include scale-up of the CO2 WashTM to 
process 90% or more of available gas yield.  Expected 
production rates are in the range of 5,500 to 6,000 cfm.  
This second phase of gas processing will be used 
primarily to support methanol production and additional 
electrical generating capacity. 
 
Compressed Natural Gas Fueling Station 
 
As a portion of long-range planning for the Green Energy 
Center, SWACO has initiated a renewable vehicle fuel 
study involving conversion of a 2005 Ford Sterling truck 
with a 12.7 liter Detroit series 60 diesel engine.  The 
conversion allows operation on a combination of CNG 
and diesel fuel.  A second study will be initiated using a 
combination of CNG and biodiesel fuel.  The converted 
vehicle was placed in service in June 2006 and is 
currently being evaluated for the following performance 
criteria utilizing a combination of CNG and petroleum 
diesel over a 3-month study period: 
 

• Fuel mileage 
• Usable power and acceleration 
• Engine wear (evaluated via oil analysis) 
• Operator satisfaction 

 
A subsequent 3-month evaluation will be performed with 
a combination of CNG and B20 biodiesel blend.  Results 
of the conversion study will be used to assess the 
viability of long-term use of renewable fuels for 
SWACO’s waste transfer truck fleet.   Results of initial 



testing are not available at the time of this publication, 
but will be provided as a supplement to this paper at 
WasteCon 2006.  Future studies are also planned for 
heavy equipment (landfill operations) conversions. 
 
250 kW Microturbine Generating Station 
 
The Green Energy Center includes two electrical 
generating stations.  Phase I will include installation of 
an Ingersoll Rand MT-250 kW microturbine (Figure 3). 

 
Figure 3 

Ingersoll-Rand MT-250 Microturbine (250kW) 
 
The MT-250 will produce sufficient power to support all 
SWACO infrastructure and landfill operations. This will 
allow SWACO to become independent of the local 
electrical grid, and become “self-powered” from on-site 
renewable fuel resources. 
 
At a consumption rate of approximately 100 cfm, the 
MT-250 represents a fuel and emissions efficient mode 
of small scale generating capacity.  Initial operations will 
be fueled via a low-Btu (600 Btu/scf) process stream 
from the CO2 WashTM facility.  Relative to air pollutants 
produced, the emissions profile of the MT-250 compares 
very favorably to comparable emission rates for regional 
electrical utility power plants. 
 

TABLE 1 
EMISSION PROFILE – MT-250 MICROTURBINE  

COMPARISON TO REGIONAL ELECTRIC 
GENERATING FACILITIES 

(lbs/MWh) 

Pollutant 
MT-250 

(1) 
Picway 

(2) 
Conesville 

(3) 

Avoided 
Emissions 
(tpy) (4) 

NOx 0.48 5.3 4.0 3.6 

CO 0.56 - - - 

CO2 2,080 2,400 1,911 78 

Mercury Negligible 0.0002 0.0001 0.0001 

SO2 Trace (5) 49.3 20.3 21 

1. Ingersoll-Rand Co. Ltd.  Estimated MT-250 emissions, May 2005 
2. U.S. EPA Clean Air Markets Database (CY 2005).  Columbus 

Southern Power Company, Picway Generating Station, Pickaway 
County, Ohio 

3. U.S. EPA Clean Air Markets Database (CY 2005).  Columbus 
Southern Power Company, Conesville Generating Station, 
Coshocton County, Ohio 

4. Theoretical avoided emissions based on 250kW base load at 8,300 
hours per year vs. average power plant rate (60% methane/40% CO2 
fuel mix at 90F°).   Assumes avoided electrical generation. 

5. Assumes sulfur removal prior to combustion. 

 
As shown significant reductions in NOx, CO2, Mercury 
and SO2 will be realized as compared to comparable 
generating station emission rates. 
 
6.5 Megawatt Internal Combustion Engine 
Generating Station 
 
In an effort to further the energy independence of the 
Green Energy Center, Phase II of proposed electrical 
generating capacity includes installation of a series of 
GE-Jenbacher reciprocating internal combustion 
generator sets (Figure 4).   
 

 
Figure 4 

GE-Jenbacher Type 420 IC Engine Generator Set  
(1.428 MW per unit) 

 



Power generated from these units will be used primarily 
to satisfy parasitic power loads from the CO2 WashTM, 
CNG and methanol synthesis plants.  Excess power will 
either be fed back to the local grid, or used to support a 
local industrial/commercial business center located 
adjacent to FCSL.  Waste heat from the engines will be 
used to support SWACO infrastructure (facilities 
heating/cooling) or diverted to the adjacent greenhouse 
complex for heating purposes. 
 
As with the MT-250 microturbine, comparisons to 
electrical grid emission rates are very favorable.  
Although the specific number of engines and engine 
model mix has not been determined at the time of this 
publication, emission rates for various GE-Jenbacher 
models are sufficiently similar to provide the following 
general comparison: 
 

TABLE 2 
EMISSION PROFILE – GE JENBACHER TYPE 4 IC 

GENERATOR SETS (6.5 MW TOTAL) 
COMPARISON TO REGIONAL ELECTRIC 

GENERATING FACILITIES 
(lbs/MWh) 

Pollutan
t 

Type 420 
(1) 

Picway 
(2) 

Conesville 
(3) 

Avoided 
Emissions 
(tpy) (4) 

NOx 1.8 5.3 4.0 59 

CO 9.1 - - - 

CO2 343 2,400 1,911 48,900 

Mercury Negligible 0.0002 0.0001 0.003 

SO2 Trace (5) 49.3 20.3 548 

1. Northeast Energy Systems, Inc. Estimated emissions, Jenbacher type 
420, July 2006 

2. U.S. EPA Clean Air Markets Database (CY 2005).  Columbus 
Southern Power Company, Picway Generating Station, Pickaway 
County, Ohio 

3. U.S. EPA Clean Air Markets Database (CY 2005).  Columbus 
Southern Power Company, Conesville Generating Station, 
Coshocton County, Ohio 

4. Theoretical avoided emissions based on 6.5 MW base load at 8,300 
hours per year vs. average power plant rate (60% methane/40% CO2 
fuel mix at 90F°).   Assumes avoided electrical generation. 

5. Assumes sulfur removal prior to combustion. 

 
Methanol Synthesis Plant 
 
The primary long-term use for purified methane 
generated from the CO2 WashTM facility will be 
feedstock for the production of methanol.  Methanol will 
be produced via a conventional steam reforming/catalytic 
unit.  Maximum permitted production capacity is 
currently 20 million gallons per year. 
 

The steam reforming process involves catalytic oxidation 
of methane via injection of steam into methane in the 
presence of a metal based catalyst.  This process 
produces hydrogen and carbon dioxide gas which are 
then reacted under pressure in a separate catalytic 
process to form liquid methanol.   
 
Methanol production represents a critical component of 
the Green Energy Center business model.  As the vast 
majority of domestic and imported methanol used in the 
United States is manufactured from non-renewable 
energy sources, the production of “Green Methanol” 
from renewable fuel sources allows the Green Energy 
Center to assume a unique position in the domestic 
methanol market.   
 
Methanol is widely used as a chemical production 
feedstock (e.g. for production of formaldehyde through 
catalytic oxidation).  Methanol is also used as feedstock 
for the production of biodiesel fuel.  The ability to 
produce biodiesel fuel represents an additional means of 
enhancing the environmental benefit of the Green Energy 
Center through reduction of mobile air pollutant 
emissions. 
 
Biodiesel Production Facility 
 
Biodiesel fuel production at the Green Energy Center 
will be produced using a conventional transesterfication 
process.  Transesterfication is a chemical catalysis 
process whereby glycerin is separated from animal fats or 
vegetable oil. The process produces two product streams; 
methyl esters (the chemical name for biodiesel) and 
crude glycerin.   
 
Mixing of methanol with animal fats or vegetable oils in 
the presence of a catalyst drives the transesterfication 
process.  For the Green Energy Center, methanol 
produced from purified landfill gas will be mixed with 
soy oil to produce the methyl ester (biodiesel) and crude 
glycerin.   
 
For each gallon of biodiesel produced, 0.2 gallons of 
methanol and 0.8 gallons of soy oil are required.  These 
feedstock ratios establish a maximum production rate of 
approximately 100 MM gallons of pure biodiesel (B100).  
At conventional blending rates of 20% with petroleum 
diesel (B20), maximum production capacity is increased 
to 500 MM gallons of B20 blend which may be 
distributed to local dispensing facilities.   
 
Biodiesel fuels and emissions from their combustion 
have been extensively studied, and a comprehensive 
examination of emissions from biodiesel fueled engines 
was published in draft form by the U.S. EPA in 2002 (5).  



The results of this study indicate that significant 
reduction in CO, particulate matter (PM) and 
hydrocarbon (HC) emissions may result from biodiesel 
use in conventional compression ignition engines (Figure 
5).   
 
 

 
 

Figure 5 
Biodiesel vs. Petroleum Diesel Emission Profile  

(U.S. EPA, 2003) 
 
This draft study also concluded that an increase in NOx 
may result from biodiesel combustion (U.S. EPA, 2003).  
This NOx increase has been the subject of considerable 
debate, and additional studies on the combustion by-
products of biodiesel fueled engines have been 
undertaken to further study the biodiesel-NOx 
relationship (McCormick et al., 2003). 
 
While maximum production rates for biodiesel fuel are 
optimistic, and will likely be limited by the amount of 
landfill gas produced, they nonetheless represent a 
tremendous opportunity to expand the environmental 
benefit of the Green Energy Center beyond the 
immediate landfill area. 
 
Facility Air Permits 
 
Application for air emission permits for each Green 
Energy Center facility was undertaken on a component-
by-component basis.   
 
For the CNG dispensing and MT-250 microturbine, 
detailed evaluation of emissions and coordination with 
vendors facilitated a determination by the Ohio 
Environmental Protection Agency (OEPA) that each unit 
was exempt from Permit to Install (PTI) application 
requirements and could be installed without construction 
and operating permits.  This determination was based on 

evaluation of emission levels for regulated pollutants.  
For each unit, emission levels of less than 10 pounds per 
day per pollutant were calculated, satisfying the 
exemption criteria.   
 
The CO2 WashTM facility was amended to FCSL’s Gas 
Collection and Control System (GCCS) Design Plan (40 
CFR §60.752(b)(2)(i)) as a gas treatment system (40 
CFR §60.752(b)(iii)(C)).  For permitting purposes, the 
facility was considered as a zero emission unit as it 
neither alters nor adds to regulated pollutants contained 
within the raw landfill gas it processes.  As the slipstream 
discharged from the facility is routed to the landfill’s 
control device (enclosed flare), it is considered a closed 
loop treatment system utilizing an existing permitted 
control device.  Slipstream rates and residual landfill gas 
that will be fed to the flare were deemed sufficient to 
maintain the required destruction efficiency of 98% as 
well as compliance with NESHAP related control device 
operating requirements (40 CFR §63.11). 
 
For the methanol synthesis facility and IC Engine 
generating station, permitting was significantly more 
complex.   
 
As methanol is a listed hazardous air pollutant (HAP), 
National Emission Standards for Hazardous Air 
Pollutants (NESHAP) are applicable.  The host landfill 
(FCSL) and methanol plant each meet numerical 
standards for classification as NESHAP area sources.  
However, each was considered as a NESHAP major 
source for air permitting purposes.   
 
FCSL, by virtue of its permitted capacity is considered 
by definition as a NESHAP major source.  Thus 
although FCSL has a potential to emit less than 10 tons 
of any single hazardous air pollutant (HAP) or 25 tons 
per year of any combination of HAPs, OEPA considered 
it a major source by definition for permitting purposes.   
 
Location of the methanol plant on property contiguous to 
a NESHAP major source (FCSL) resulted in 
classification of the plant as a major source as well.  
Thus while the methanol plant also met numeric criteria 
for classification as an area source (and less stringent 
regulatory obligations) major source obligations were 
included in permit requirements  
 
The methanol plant is generically grouped in the 
Synthetic Organic Chemical Manufacturing Industry 
(SOCMI) class, and thus is subject to the provisions of 
the Hazardous Organic NESHAP (HON) subset of air 
regulations (40 CFR §63, Subparts F, G and H).  
Requirements for Industrial, Commercial, and 
Institutional Boilers and Process Heaters at MACT major 



sources are also applicable (40 CFR 63, Subpart 
DDDDD). 
 
Various New Source Performance Standards (NSPS) also 
apply to the methanol plant.  While significant overlap 
with associated NESHAP Subparts significantly reduces 
NSPS obligations, various recordkeeping and testing 
requirements nonetheless apply.  Applicable NSPS 
regulations include 40 CFR §60 Subparts Db, Kb, VV, 
NNN and RRR. 
 
Permit requirements for the IC Engine generating station 
focused on the Prevention of Significant Deterioration 
(PSD) program.   FCSL operates as a PSD synthetic 
minor, and maintains voluntary restrictions on control 
device (flare) flow rates such that CO emissions remain 
below the 250 ton PSD major source threshold.  In a 
similar fashion, the proposed IC Engine PTI application 
(developed by FirmGreenTM) set forth voluntary 
restrictions limiting CO emissions to less than the 250 
ton threshold (under the assumption that it would be 
permitted separately and distinctly from the landfill). 
 
However, the OEPA expressed specific concerns 
regarding apparent interdependence of the facilities, and 
the appearance of PSD circumvention due to the fact that 
the proposed FirmGreenTM IC Engine facility was 
essentially dependent on the landfill as a fuel source.  No 
alternative fuel source was proposed in preliminary PTI 
discussions.  Therefore, in a manner consistent with the 
“interdependence doctrine” OEPA would aggregate 
emissions from each facility for the purpose of 
determining PSD applicability despite separate 
ownership and control, and dissimilar Standard Industrial 
Classification (SIC).    In the absence of a contractual 
agreement clearly indicating the ability of the each 
facility to operate independently (e.g. from pipeline 
natural gas), OEPA’s preliminary determination 
regarding PSD applicability included aggregation of each 
facility’s emissions. 
 
At the time of this publication, FirmGreenTM is in the 
process of evaluating various PTI options, as well as 
extension of a natural gas pipeline to provide alternate 
fueling options.   Each may facilitate resolution of the 
PSD applicability issue.  OEPA’s assessment of 
proposed options is anticipated to be complete by 
September 2006. 
 

Project Team 
 
On June 21, 2005, a formal groundbreaking ceremony for 
the Green Energy Center was held at the FCSL Landfill 
Facility.  In attendance were approximately 250 local 
government leaders, State of Ohio legislators, industry 
representatives, and SWACO personnel.  The 
FirmGreenTM project team, CO2 WashTM research and 
development team, and local government officials are 
pictured at this ceremony (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 
The FirmGreenTM and CO2 WashTM Green Energy Center 

Project Development Team 
 
 

Finally, this Green Energy 
Center would not have 
been possible without the 
enthusiastic support and 
vision of the Solid Waste 
Authority of Central Ohio, 
and Executive Director 
Mike Long.  Pictured here 
(left) with FirmGreenTM 
president Steve Wilburn, 
Mr. Long’s persistent 
efforts to develop eco-
nomically viable, inno-
vative and environmen-
tally responsible landfill 
gas utilization projects 
provided the entire project 
team with strong lead-
ership, innovative think-

ing, and the drive necessary to bring this vision to reality.  
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Non-Condensable Gases vol%
DL

vol% vol%
DL

vol%

Nitrogen 6.7 0.01 9.6 0.01
Oxygen -- 0.10 -- 0.10
Hydrogen -- 0.10 -- 0.10
Carbon Dioxide 35.0 0.01 25.7 0.01

Volatile Hydrocarbons
ppm

volume
DL

ppm
ppm

volume
DL

ppm

Methane (49.6%) 1     (62.6%) 1     
Ethylene 3 1     3 1     
Acetylene nd 10     nd 10     
Ethane 2 1     2 1     
Propylene nd 1     nd 1     
Propane 41 1     14 1     
Isobutane 13 1     nd 1     
n-Butane 8 1     nd 1     
Butenes nd 1     nd 1     
Isopentane 2 1     nd 1     
n-Pentane 2 1     nd 1     
Hexanes + 200 1     nd 1     

Volatile Sulfur Compounds
ppm

volume
DL

ppm
ppm

volume
DL

ppm

Hydrogen Sulfide nd nd 0.05
Carbonyl Sulfide 1.10 0.1 0.05
Sulfur Dioxide nd nd 0.05
Methyl Mercaptan nd nd 0.05
Ethyl Mercaptan nd nd 0.05
Dimethyl Sulfide 4.00 nd 0.05
Carbon Disulfide 0.46 nd 0.05
Isopropyl Mercaptan nd nd 0.05
Methyl Ethyl Sulfide 0.06 nd 0.05
n-Propyl Mercaptan nd nd 0.05
t-Butyl Mercaptan 0.26 nd 0.05
Dimethyl Disulfide 1.00 nd 0.05
sec-Butyl Mercaptan 0.16 nd 0.05
Isobutyl Mercaptan 0.26 nd 0.05
Diethyl Sulfide nd nd 0.05
n-Butyl Mercaptan 0.12 nd 0.05
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GC/MS Results
TO-14 Target List

ppm
volume

DL
ppm

ppm
volume

DL
ppm

Freon-12 2.8 nd 0.5
Methyl Chloride nd 0.5 nd 0.5
Freon-114 0.5 nd 0.5
Vinyl Chloride 0.5 nd 0.5
Methyl Bromide nd 0.5 nd 0.5
Ethyl Chloride nd 0.5 nd 0.5
Freon-11 nd 0.5 nd 0.5
Vinylidene Chloride nd 0.5 nd 0.5
Freon-113 nd 0.5 nd 0.5
Dechloromethane nd 0.5 nd 0.5
1,1-Dichlorethane nd 0.5 nd 0.5
cis-1,2-Dichloroethylene 1.2 nd 0.5
Chloroform nd 0.5 nd 0.5
1,1,1-Trichloroethane nd 0.5 nd 0.5
1,2-Dichlorethane nd 0.5 nd 0.5
Benzene 0.8 nd 0.2
Carbon Tetrachloride nd 0.5 nd 0.5
1,2-Dichloropropane 5.1 nd 0.5
Trichloroethylene 0.7 nd 0.2
cis-1,3-/Dichloropropylene nd 0.5 nd 0.5
trans-1,3-Dichloropropylene nd 0.5 nd 0.5
Toluene 38.0 nd 0.2
1,1,2-Trichloroethane nd 0.2 nd 0.2
1,2-Dibromoethane nd 0.5 nd 0.5
Tetrachloroethylene 1.5 nd 0.2
Chlorobenzene nd 0.2 nd 0.2
Ethyl Benzene 14.0 nd 0.2
m+p-Xylenes 15.0 nd 0.2
Styrene 4.4 nd 0.2
o-Xylene 4.2 nd 0.2
1,1,2,2-Tetrachloroethane nd 0.2 nd 0.2
4-Ethyltoluene 6.2 nd 0.2
1,3,5-Trimethylbenzene 1.2 nd 0.2
1,2,4-Trimethylbenzene 1.2 nd 0.2
1,3-Dichlorobenzene nd 0.2 nd 0.2
1,4-Dichlorobenzene nd 0.2 nd 0.2
Benzylchloride nd 0.2 nd 0.2
1,2-Dichlorobenzene nd 0.2 nd 0.2
1,2,4-Trichlorobenzene nd 0.2 nd 0.2
Hexachlorobutadiene nd 0.2 nd 0.2
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GC/MS Results
Non-TO-14 Target List

ppm
volume

DL
ppm

ppm
volume

DL
ppm

Propane 41 14
Isobutane 13 nd 0.5
Acetone 21 nd 0.5
Methylethyl Ketone 40 nd 0.5
2-butanol 38 nd 0.5
C6H12O2 28 nd 0.5
C9 Aliphatic Hydrocarbon 32 nd 0.5
Alpha-Pinene 38 nd 0.5
C11 Aliphatic Hydrocarbon 16 nd 0.5
D-Limonene 15 nd 0.5

GC/MS Results
Toxic Substances Sub-17

ppb
volume

DL
ppb

ppb
volume

DL
ppb

Freon-12 nd 10
Vinyl Chloride nd 10
Chloroform nd 10
1,2-Dichloroethane nd 10
Benzene nd 10
Carbon Tetrachloride nd 10
Trichloroethylene nd 10
1,4-Dioxane nd 10
1,1,2-Trichloroethane nd 10
1,2-Dibromoethane nd 10
Tetrachloroethylene nd 10
1,1,2,2 Tetrachloroethane nd 10
Methylene Chloride nd 10
1,1,1-Trichloroethane nd 10

NOTES:
AAL 6061-1:  raw landfill gas after compression to 400 psig and water knockout
AAL-6061-3:  product gas from CO2 wash
DL = Detection Limit, if not shown, reported result is greater than DL
nd = concentration is less than stated DL
-- = test not performed
ppm = parts per million
ppb = parts per billion
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Non-Condensable Gases vol%
DL

vol% ppm v/v
DL

ppm v/v

Nitrogen 7.5 0.01 -- 10
Oxygen -- 0.10 -- 4
Argon -- -- 4
Hydrogen -- 0.10 -- 10
Carbon Dioxide 38.3 0.01 -- 4

Volatile Hydrocarbons
ppm

volume
DL

ppm
ppm

volume
DL

ppm

Methane 54.3% 1     nd 1     
Ethylene 4 1     nd 1     
Acetylene nd 10     --
Ethane 3 1     nd 1     
Propylene nd 1     nd 1     
Propane 47 1     67 1     
Isobutane 13 1     nd 1     
n-Butane 9 1     nd 1     
Butenes nd 1     nd 1     
Isopentane 2 1     nd 1     
n-Pentane 2 1     nd 1     
Hexanes + 370 1     nd 1     

Volatile Sulfur Compounds
ppm

volume
DL

ppm
ppm

volume
DL

ppm

Hydrogen Sulfide nd 0.05 nd 0.05
Carbonyl Sulfide 1.00 0.05 0.25 0.05
Sulfur Dioxide nd 0.05 nd 0.05
Methyl Mercaptan nd 0.05 nd 0.05
Ethyl Mercaptan nd 0.05 nd 0.05
Dimethyl Sulfide 5.00 0.05 nd 0.05
Carbon Disulfide 1.20 0.05 nd 0.05
Isopropyl Mercaptan nd 0.05 nd 0.05
Methyl Ethyl Sulfide 0.06 0.05 nd 0.05
n-Propyl Mercaptan nd 0.05 nd 0.05
t-Butyl Mercaptan nd 0.05 nd 0.05
Dimethyl Disulfide 0.13 0.05 nd 0.05
sec-Butyl Mercaptan 0.21 0.05 nd 0.05
Isobutyl Mercaptan 0.19 0.05 nd 0.05
Diethyl Sulfide nd 0.05 nd 0.05
n-Butyl Mercaptan 0.05 0.05 nd 0.05
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GC/MS Results
TO-14 Target List

ppm
volume

DL
ppm

ppm
volume

DL
ppm

Freon-12 1.6 --
Methyl Chloride nd 0.5 --
Freon-114 0.5 --
Vinyl Chloride 0.7 nd 0.5
Methyl Bromide nd 0.5 --
Ethyl Chloride nd 0.5 --
Freon-11 nd 0.5 --
Vinylidene Chloride nd 0.5 --
Freon-113 nd 0.5 --
Dichloromethane nd 0.5 --
1,1-Dichlorethane nd 0.5 --
cis-1,2-Dichloroethylene 0.9 --
Chloroform nd 0.5 --
1,1,1-Trichloroethane nd 0.5 --
1,2-Dichlorethane nd 0.5 --
Benzene 0.6 nd 5 ppb
Carbon Tetrachloride nd 0.5 --
1,2-Dichloropropane 3.1 --
Trichloroethylene 0.5 --
cis-1,3-/Dichloropropylene nd 0.5 --
trans-1,3-Dichloropropylene nd 0.5 --
Toluene 26.0 nd 0.2
1,1,2-Trichloroethane nd 0.2 --
1,2-Dibromoethane nd 0.5 --
Tetrachloroethylene 0.8 --
Chlorobenzene nd 0.2 --
Ethyl Benzene 9.3 nd 0.2
m+p-Xylenes 13.0 nd 0.2
Styrene 3.1 --
o-Xylene 3.6 nd 0.2
1,1,2,2-Tetrachloroethane nd 0.2 --
4-Ethyltoluene 3.5 --
1,3,5-Trimethylbenzene 0.8 --
1,2,4-Trimethylbenzene 0.8 --
1,3-Dichlorobenzene nd 0.2 --
1,4-Dichlorobenzene nd 0.2 --
Benzylchloride nd 0.2 --
1,2-Dichlorobenzene nd 0.2 --
1,2,4-Trichlorobenzene nd 0.2 --
Hexachlorobutadiene nd 0.2 --
Other Organics -- nd 1
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GC/MS Results
Non-TO-14 Target List

ppm
volume

DL
ppm

ppm
volume

DL
ppm

Methanol -- nd 2
Ethanol -- nd 2
Propane 47 67
Isobutane 13 nd 1
Acetone 19 --
Methylethyl Ketone 9.1 --
2-butanol 26 --
Iso-Butanol -- nd 0.5
C6H12O2 19 --
C8 Aliphatic Hydrocarbon -- nd 0.5
C9 Aliphatic Hydrocarbon 3.6 --
Alpha-Pinene 9.5 --
C11 Aliphatic Hydrocarbon 15 --
D-Limonene 7.3 nd 0.5

GC/MS Results
Toxic Substances Sub-17

ppb
volume

DL
ppb

ppb
volume

DL
ppb

Freon-12 --
Vinyl Chloride nd 500
Chloroform --
1,2-Dichloroethane --
Benzene nd 5
Carbon Tetrachloride --
Trichloroethylene --
1,4-Dioxane --
1,1,2-Trichloroethane --
1,2-Dibromoethane --
Tetrachloroethylene --
1,1,2,2 Tetrachloroethane --
Methylene Chloride --
1,1,1-Trichloroethane --

NOTES:
AAL 6696:  raw landfill gas after compression to 200 psig and water knockout
AAL-695:  product CO2 bottom of stripper
DL = Detection Limit, if not shown, reported result is greater than DL
nd = concentration is less than stated DL
-- = test not performed
ppm = parts per million
ppb = parts per billion
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Target Analyte
ppb

volume
DL
ppb

ppb
volume

DL
ppb

Hexamethyldisiloxane (MM) 130    5 nd 5
Hexamethylcyclotrisiloxane (D3) 480    5 nd 5
Octamethyltrisiloxane 20    5 nd 5
Octamethylcyclotetrasiloxane (D4) 1,190    5 nd 5
Decamethyltetrasiloxane nd 5 nd 5
Decamethylcyclopentasiloxane (D5) 500    5 nd 5
Dodecamethylpentasiloxane nd 5 nd 5
Other Siloxanes nd 10 nd 10

NOTES:
AAL 6014-1:  raw landfill gas at blower outlet (before compression)
AAL-6014-2:  methane (fuel) product gas from CO2 wash
DL = Detection Limit, if not shown, reported result is greater than DL
nd = concentration is less than stated DL
ppm = parts per million
ppb = parts per billion
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