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February 7, 2011

Electronic Mail — Received Receipt Requested

Mr. Scott Salisbury, Manager Member
Secondary Responsible Official, Title V
Brevard Energy, LLC

29261 Wall Street

Wixom, MI 48393

Re: Request for Additional Information - Reminder
Project No. 0090069-009-AC (PSD-FL-378C)
Project No. 0090069-010-AV (Concurrent Revision)
Brevard Energy, LLC, Central Disposal Facility
PM,, and CO Emissions Standards Increases

Dear Mr. Salisbury:

On November 19, 2010, we received your application and sufficient fee for an air construction permit to increase
the emissions standards of carbon monoxide (CO) and particulate matter with a mean particle diameter of 10
microns or less (PM,) for six existing, lean-burn Caterpillar Model No. G3520C engines. The facility is located
in Brevard County at 2250 Adamson Road in Cocoa, Florida. The application was deemed incomplete and we
requested additional information needed to process your application on December, 27, 2010. We have not yet
received the requested additional information. Rule 62-4.055(1) of the Florida Administrative Code (F.A.C.)
requires the following;:

“The applicant shall have ninety days after the Department mails a timely request for additional information
to submit that information to the Department. If an applicant requires more than ninety days in which to
respond to a request for additional information, the applicant may notify the Department in writing of the
circumstances, at which time the application shall be held in active status for one additional period of up to
ninety days. Additional extensions shall be granted for good cause shown by the applicant. A showing that
the applicant is making a diligent effort to obtain the requested additional information shall constitute good
cause. Failure of an applicant to provide the timely requested information by the applicable deadline shall
result in denial of the application.”

It has been more than 48 days since our request for additional information (copy attached). You are reminded
that the permit processing time clock has stopped for this project and that we will not continue our review until
we receive the additional information. If you require a period of time in addition to the 90 days allowed by rule,
please submit a written request indicating the amount of time necessary. )

www.dep.state.fl.us



REQUEST FOR ADDITIONAL INFORMATION - REMINDER

If you fail to provide the additional information or request additional time to submit the additional information,
we will deny your application for air permit. If you have any questions regarding this matter, please contact the

~ project engineer, Heidi Coggins, at 850/717-9084.

Jeffery F. Koerner, Administrator
New Source Review Section

Sincerely,

This letter was sent to the following people by electronic mail with received receipt requested.

Mr. Scott Salisbury, Brevard Energy, LLC. (scott.salisbury@landfillenergy.com)
Mr. Scott Stacy, Derenzo and Associates, Inc. (sstacy@derenzo.com)

Mr. Rob Harvey, P.E., Derenzo and Associates, Inc (rharvey@derenzo.com)

Ms. Caroline Shine, Central District Office (caroline.shine@dep.state.fl.us)

Ms. Kathleen Forney, EPA Region 4 (forney kathleen@epa.gov)

Ms. Heather Abrams, EPA Region 4 (abrams.heather@epa.gov)

Ms. Vickie Gibson, DEP BAR Reading File (victoria.gibson@dep.state.fl.us)

JFK/hmc
Brevard Energy, LLC - Central Disposal Landfill Project No. 0090069-009-AC/PSD-FL-378C
PM,, and CO Emissions Standards Increases Project No. 0090069-010-AV
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Charlic Crist

Florida Department of Governor

Environmental Protection Jelf Kottkamp
Bob Martinez Center i1 Governor
2600 Blair Stone Road . )
Tallahassee, Florida 32399-2400 Mimi AL Drew
Secretary

December 27, 2010

Electronic Mail — Received Receipt Requested

Mr. Scott Salisbury, Manager Member
Secondary Responsible Official, Title V
Brevard Energy, LLC

29261 Wall Street

Wixom, MI 48393

Re:

Request for Additional Information

Project No. 0090069-009-AC (PSD-FL-378C)
Project No. 0090069-010-AV (Concurrent Revision)
Brevard Energy, LLC, Central Disposal Facility
PM,, and CO Emissions Standards Increases

Dear Mr. Salisbury:

On November 19, 2010, the Department received an application to revise original Permit No. PSD-FL-378 to
increase the emissions standards of carbon monoxide (CO) and particulate matter with a mean particle diameter
of 10 microns or less (PM) for six existing, lean-burn Caterpillar Model No. G3520C engines. In addition, the
applicant requested a concurrent revision of the Title V air operation permit. The application indicates that the
project is subject to preconstruction review for CO and PM) in accordance with Rule 62-212.400, F.A.C. for the
Prevention of Significant Deterioration (PSD) of Air Quality. The application is incomplete. In order to
continue processing your application, please provide the additional information requested below. Should your
response to any of the requested items require new calculations, please submit the new calculations, assumptions,
reference material and appropriate revised pages of the application form.

1.

4,

What are the actual siloxane and hydrogen sulfide (H,S) levels in the landfill gas being fired in these
engines? What are the vendor’s maximum landfill gas siloxane and H,S specifications for the Model No..
G3520C engine? See the attached 2006 Caterpillar white paper titled, “Dealing with Landfill Fuel:
Evaluating Fuel Treatment Options”, which discusses contaminants in low energy fuels such as landfill gas.

Please describe the operation and maintenance practices that operators have employed so far to minimize CO
and PM emissions. Have the engines been tuned in accordance with the vendor’s specifications to achieve
the optimal air-to-fuel mixture that will promote good combustion? Has it been necessary to change the air-
to-fuel ratio? Have periodic washes been performed to remove contaminant buildup?

The figure in Appendix D, “Process Flow and Engineering Specifications”, identifies two filters in the
landfill gas treatment system prior to the engines: a two-stage, 10-micron inlet filter; and a two-stage, 3-
micron outlet filter. For low energy fuels, Caterpillar recommends limiting the particulate matter in the fuel
to no more than 1 micron. Permit No. 0090069-004-AC specifies the installation and use of a one micron
filter. What was installed in the existing system? Please provide the recommended vendor specifications
regarding the vendor for cooling and drying gas.

The following table summarizes several critical parameters for low energy fuels identified by Caterpillar.

“Mere Protection, Less Process”
v clep, state flous



REQUEST FOR ADDITIONAL INFORMATION

Tablel. Comparative Fuel Purity Specifications '

Table 1. Comparative Fuel Purity Specifications*

Standard Engine

Low Energy Fuel Engine

Sulfur Compounds as H,S mg H,S/MJ 0.43 57
See footnote (1,2)" ug H,5/Btu 0.45 60
Halide Compounds as Ci mg ClI/MJ 0 19
See footnote (1,3)" ug Ci/Btu 0 20
Ammonia mg NH; /MJ 0 2.81
e e UGNHGB 1D 2. ]
Qil Content mg/MJ 1.19 1.18
. ug/Btu 1.25 1.25
Particulates in Fuel mg/MJ 0.80 0.80
See footnote (1,4 ug/Btu 0.84 0.84
___Particulate Size in Fuel: microns 1 1
Silicon in Fuel - mg Si/MJ 0.1 0.56
See footnote (1,4)" ug Si/Btu 0.1 0.60
Maximum Temperature °C 60 60
S R LR IO T e e °F 140 ........ 140
Minimum Temperature °C -10 -10°
Fuel Pressuré Fluctuation kPa + 1.7 1.7
psig & 0.25 0.25

Water Content

Saturated fuel or air is acceptable. Water condensation in
the fuel lines or engine is not acceptable. it is
recommended to limit the relative humidity to 80% at the
minimum fuel operating temperature,

e This chart is for purposes of illustration only. Fuel specifications may vary by engine manufacturer and/or engine model.
For any specific landfill-gas-to-energy installation, the chosen manufacturer’s fuel specifications should be consulted.

How does the landfill gas being fired by Brevard Energy compare to these specifications? Is the landfill gas

being provided at a relatively constant pressure (£ 0.25 psig)? Is the supply pressure continuously

monitored? For which contaminants does the facility typically analyze the landfill gas? What is the
frequency of such sampling and analysis?

5. Do the operators perform any stack emissions analysis with hand-held, portable monitors? If available,

please provide this representative informational data.

6. In Appendix H-1 “Summary of Compliance Test Results for CAT G3520C Engines”, provides information
regarding the performance stack tests for CO and PM,, emissions conducted on the 1600 kW Caterpillar
Model G3520C engines at Ocean Energy, Brevard Energy, Seminole Energy and Trail Ridge Energy. The
following table summarizes some of the available emissions stack test data for these facilities.

Actual Tested Emissions
Site Cco PM,, NOx voC 0,
g/bhp-hr g/bhp-hr g/bhp-hr g/bhp-hr Percent
Brevard Energy #5 2.40 0.24 0.43 0.19 8.0
Brevard Energy #3 2.40 0.22 0.45 0.0 7.6
Brevard Energy #9 2.23 0.22 0.37 --- 7.5

! White Paper, “Dealing with Landfill Fuel: Evaluating Fuel Treatment Options”, Michael A. Devine, Electric Power
Group, Caterpillar, Inc., Lafayette, Indiana, 2006 Publication.

Brevard Energy, LLC - Central Disposal Landfill

PM,q and CO Emissions Standards Increases

Page 2 of 4
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REQUEST FOR ADDITIONAL INFORMATION

Ocean Energy Corp. #7 2.62 0.22 0.42 0.0 7.8
Ocean Energy Corp. #8 2.65 0.15 0.41 0.0 7.7
Ocean Energy Corp. #9 2.71 0.14 0.37 0.03 7.7
Ocean Energy Corp. #10 2.72 0.14 0.35 0.0 7.5
Ocean Energy Corp. #11 2.53 0.13 0.33 0.0 7.7
Ocean Energy Corp. #12 2.57 0.13 0.27 0.0 7.9
Ocean Energy Corp. #7 --- 0.15 == — 8.5
Seminole Energy #4 2.61 0.12 0.28 0.24 8.6
Semin(;le Energy #1 2.54 0.25 0.52 --- 7.9
Seminole Energy #3 2.61 0.22 0.39 --- 7.9
Trail Ridge Energy #4 2.70 0.12 ' 0.43 0.0 8.3
Trail Ridge Energy #9 2.56 0.12 0.46 - 7.7

a. The information appears to show compliant emission levels with little variation between engines.
Provide additional information to support the claim that performance degradation of the engines over
time has caused higher actual CO and PM, emissions for installed engines.

b. Please identify which test methods were used to determine the PM,, emission rate from the Brevard
Energy engines (and other engines if known). ‘

The above information is requested pursuant to the following F.A.C. regulations: Rule 62-4.050 (Procedures to
Obtain Permits and Other Authorizations; Applications); 62-4.055 (Permit Processing); 62-4.070 (Standards for
Issuing or Denying Permits; Issuance; Denial); 62-4.120 (Construction Permits); 62-204.800 (Federal
Regulations Adopted by Reference); 62-212.300 (Permits Required); 62-210.370 (Emissions Computations and
Reporting); 62-210.900 (Forms and Instructions); 62-212.300 (General Preconstruction Review); and 62-212.400
(Prevention of Significant Deterioration). All applications for a Department permit must be certified by a
professional engineer registered in the State of Florida pursuant to Rule 62-4.050(3), F.A.C. This requirement
also applies to responses to Department requests for additional information of an engineering nature. For any
material changes to the application, please include a new certification statement by the authorized representative
or responsible official.

We will resume processing your application after receipt of the requested information. You are reminded that
Rule 62-4.055(1), F.A.C. requires applicants to respond to requests for information within 90 days or to provide a
written request for an additional period of time to submit the information. If you have any questions regarding
this matter, please contact the project engineer, Heidi Coggins at 850/921-9528.

Sincerely,
| ,
, /] N
) ! : ' 7
(HMCL{ (O% g o
Jeffery F. Koerner, Administrator
New Source Review Section

Brevard Energy, LLC - Central Disposal Landfill Project No. 0090069-009-AC/PSD-FL-378C
PM, and CO Emissions Standards Increases Project No. 0090069-010-AV
Page 3 of 4




REQUEST FOR ADDITIONAL INFORMATION

This letter was sent to the following persons by electronic mail with received receipt requested.

Mr. Scott Salisbury, Brevard Energy, LLC. (scott.salisbury@landfillenergy.com)
Mr. Scott Stacy, Derenzo and Associates, Inc. (sstacy@derenzo.com)

Mr. Rob Harvey, P.E., Derenzo and Associates, Inc (rharvey@derenzo.com)

Ms. Caroline Shine, Central District Office (caroline.shine@dep.state.fl.us)

Ms. Kathleen Forney, EPA Region 4 (forney.kathleen@epa.gov)

" Ms. Heather Abrams, EPA Region 4 (abrams.heather@epa.gov)

Ms. Vickie Gibson, DEP BAR Reading File (victoria.gibson@dep.state.fl.us)

JFK/hmc

1
Brevard Energy, LLC - Central Disposal Landfill Project No. 0090069-009-AC/PSD-FL-378C
PM,, and CO Emissions Standards Increascs Project No. 0090069-010-AV
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DEALING WITH LANDFILL FUEL:
EVALUATING FUEL TREATMENT OPTIONS

Michael A. Devine
Electric Power Group
Caterpillar Inc.
Lafayette, Indiana

ABSTRACT

Dealing with fuel contaminants in landfill-gas-to-energy
systems is essentially a matter of economics: weighing the
costs of removal against the benefits of improved service
intervals, performance and reliability. This paper high-
lights the most common contaminants found in landfill gas
and describes the effect they have on engine component
life, the cost of power generation, and engine emissions
and emission control techniques.

Users have options when dealing with landfill gas con-
taminants. These range from dealing with contaminants

before they get to the generating equipment, to selecting

engines designed to operate with the contaminants. The
external control option requires installation of equipment
to reduce fuel contaminants, in exchange for higher ancil-
lary equipment capital and maintenance costs. The internal
engine control option involves engine manufacturers’ de-
sign innovations in component metallurgy and other tech-
niques that limit acid formation and keep engines
operating safely.

The most favorable approach for a given application de-
pends on factors such as gas composition, local emissions
requirements, local power market conditions, and the site
owner’s performance and reliability expectations. Case
studies at North American landfills illustrate extensive
field experience with engines using internal modifications
to limit the effects of corrosive fuel contaminants.

OVERVIEW

When challenged with the fuel contaminants in landfill-
gas-to-energy projects, there are two fundamental ap-
proaches: pre-treat the fuel for improved service intervals,
or operate an engine that is designed to minimize the im-
pact of contaminated fuels and accept an increase in main-
tenance. Either way it all comes back to the economics of
the project. :

INTRODUCTION

- There are two basic approaches for dealing with fuel con-

taminants in landfill-gas-to-energy projects. The first is to
pretreat the landfill methane, taking out many of the con-
taminants to produce fuel that meets the engines’ operating
requirements. The second is to forego all but the simplest
pretreatment and install engines specially modified to burn
impure fuel, yet still deliver acceptable component life and
maintenance intervals.

Neither choice is universally better than the other. The
most favorable approach for a given application depends
on various factors: gas composition, emissions limits at the
site, local power market conditions, and the site owner’s
performance and reliability expectations. In the end, the
choice typically boils down to economics: The winning
approach is the one that delivers, all things considered, the
lower cost per kWh.

While fuel pretreatment has a longer history and more
name recognition in the landfill-gas-to-energy market,
engine designs that deal with fuel contaminants internally
have a 20-year track record of effectiveness. Those designs
have improved steadily and are available on even the most
technologically advanced, high-efficiency gas engines on
the market. Therefore, any landfill-gas-to-energy project
developer can benefit from analyzing and comparing both
approaches in light of site-specific conditions.



LANDFILL FUEL CONTAMINANTS

For users considering gas engines for power generation,
fuel quality has been a key concern since the dawn of the
landfill-gas-to-energy industry. Landfill fuel contaminants,
if not dealt with, will cause a wide range of engine prob-
lems. Contaminants of greatest concern are:

Sulfur compounds. During combustion cycle, sulfur
compounds — notably hydrogen sulfide (H,S) — break apart
and combine with available water (the primary compound
created in the combustion process) to form a weak sulfuric
acid. If left unattended, this acid can severely damages
aftercooler cores, bearings, and any copper-containing
engine components.

Halides. When halogenated hydrocarbons (chlorofluoro-
carbons, or CFCs) are oxidized in engine combustion, they
release chlorine and fluorine, which in turn unite with wa-
ter from the combustion process to form hydrochloric
(HC1) and hydrofluoric (HF) acids. These acids, if not
taken care of properly, will attack piston rings, cylinder
liners, exhaust valve stems, valve guides and other critical
wear parts.

Water vapor. Water vapor is not considered to be harmful
when entrained as a vapor in the fuel at quantities below
the point of saturation. (In fact, about 10 percent of the
engine exhaust is water vapor.) However, water vapor in
the fuel can combine with organic compounds common in
landfill fuels during the combustion process to form or-
ganic acids like sulfuric, hydrochloric or hydrochloric acid.
Even the carbon dioxide (CO,) can combine with water to
form carbonic acid. These acids may attack engine compo-
nents. There does seem to be a relationship between the
amount of water vapor in the fuel and the amount of sulfur,
halides and (some species of) siloxanes that enter the en-
gine through the fuel. Lower amounts of water vapor in the
fuel have proven to be better.

Silicon crystals. Microscopic silicon (sand) crystals can
travel with the landfill gas, agglomerate during combus-
tion, and form larger particles that cling to exhaust valve
faces and seats.

Siloxanes. These substances, commonly found in house-
hold products like shampoo, cosmetics and detergents,
break down during combustion and lead to hard silica
(Si0,) and silicate deposits in combustion chambers, ex-
haust manifolds and exhaust stacks. In the cylinders, de-
posits on valve faces lead to grinding action and increased
valve seat wear.

Chipping of the silicate deposits accumulated in the com-
bustion chamber can lead to severe valve damage. This
occurs when a thick deposit chips away, leaving a gap
through which hot combustion gas flows while the valve is

closed. It can also occur when a loose chip from the com-
bustion chamber gets trapped in a closing valve as it exits
the cylinder. The resulting blowtorch effect melis part of
the valve, a phenomenon commonly referred to as guttering.

In many cases where siloxanes are present in the fuel, si-
loxane buildup on cylinder heads and on pistons physically
reduces cylinder volume and increases the compression
ratio, driving up cylinder pressures and carbon monoxide
(CO) emissions.

IMPACT OF FUEL CONTAMINANTS

The effects of contaminants on the engine depend on a
number of factors, including engine component metal-
lurgy, exposure time and rate, engine operating tempera-
ture, and the brake mean effective pressure (BMEP) of the
engine.

With minimal or no fuel treatment, a standard natural gas
engine operating on a typical landfill gas can suffer short-
ened cylinder head life by 50 to 75 percent or more when
compared with a similar engine operating on pipeline natu-
ral gas. Lube oil life is shortened as well, through acidifi-
cation and high levels of silicone in the oil from blowby of
H,S and silicon into the crankcase.

Most successful landfill operators analyze their oil for sili-
con in addition to acids and other standard wear indicators
of oil condition. In fact, silicon may dictate the oil change
interval: Most landfill sites use 100 to 120 ppm silicon in
the oil as a condemning limit. Spark plugs in landfill en-
gines also require extra attention, mainly because of silicon
deposits, which shield the electrodes and increase the volt-
age required to fire the plug. A higher level of siloxanes in
the fuel typically translates into shorter spark plug life. In
extreme cases, plug life can be reduced by as much as
90 percent.

Because each landfill fuel is different and subject to sea-
sonal and even daily change, operators must customize
maintenance programs — intervals for oil and filter
changes, spark plug cleaning and replacement, top-end, in-
frame and major overhaul, and other tasks. This is best
accomplished by collecting site maintenance and operating
data, observing wear and degradation trends, and adjusting
practices accordingly. ’

Generator set manufacturers will provide fuel-quality speci-
fications that include recommended maximum levels of
contaminants allowable in an engine to maintain optimum
operating conditions. Fuel exceeding specified contami-
nant concentration recommendations would compromise
performance and/or service life.



Table 1. Comparative Fuel Purity Specifications*

Standard Engine Low Energy Fuel Engine
Sulfur Compounds as H,S mg HyS/MJ 0.43 57
See footnote (1,2)* ug H,S/Btu 0.45 60 -
Halide Compounds as Cl mg CI/MJ 0 19
See footnote (1,3)" ug Cl/Btu 0 20
Ammonia mg NHgz /MJ 0 2.81
ug NHz/Btu 0 2.96
Oil Content mg/MJ 1.18 1.19
ug/Btu 1.25 1.25
Particulates in Fuel mg/MJ 0.80 0.80
See footnote (1,4)" ug/Btu 0.84 0.84
Particulate Size in Fuel: microns 1 1
Silicon in Fuel mg SirMJ 0.1 0.56
See footnote (1,4) ug Si/Btu 0.1 0.60
Maximum Temperature °C 60 60
°F 140 140
Minimum Temperature °C -10 -10
°F -50 -50
Fuel Pressure Fluctuation kPa + 1.7 : 1.7
psig £ 0.25 0.25
Water Content Saturated fuel or air is acceptable. Water condensation in
the fuel lines or engine is not acceptable. It is
recommended to limit the relative humidity to 80% at the
minimum fuel operating temperature.

o This chart is for purposes of illustration only. Fuel specifications may vary by engine manufacturer and/or engine model.
For any specific landfill-gas-to-energy installation, the chosen manufacturer’s fuel specifications should be consulted.

Exceeding the maximum contaminant values by a slight

"~ amount might simply reduce oil change or spark plug re-

placement intervals by some small amount. Accepting con-
taminant levels far in excess of the recommended levels
might decrease oil change and spark plug maintenance
intervals by quite a bit, and also significantly decrease the
time to major service intervals like top end or in-frame
overhauls. And not all contaminants have the same effect
on an engine life. For example, if only H,S greatly exceeds
the recommended value, it might only have a major impact
of the oil change interval, and not much of an effect on
spark plug or overhaul life, while a very high level of si-
loxanes might lead to decreased oil, spark plug and over-
haul schedules.

Not surprisingly, contaminant limits for landfill engines
differ from those for standard engines (refer to Table 1).
The recommended levels of contaminants in the chart are
those that will allow the engine to achieve the designed
service life represented in the manufacturers recommended
maintenance schedule. Still, these recommended contami-
nant limits could help remove some trial-and-error from
the development of proper maintenance programs and fuel-
delivery systems.

. The chart lists maximum recommended fuel contaminants

on a “contaminant mass/fuel heat value” basis rather than

on a “contaminant mass/volume” basis. Assuming the
same level of contaminant per unit volume of gas, a vol-
ume at 600 btw/ft’ (22.4MJ/Nm®) will have 50 percent of
the contaminants of a volume at 300 btu/ft’ (11.2MJ/Nm®).
When the contaminants are found in concentrations above
the manufacturer recommended levels, higher contaminant
levels per unit volume will have a significant impact on the
service life of the engine.

As acids naturally form in the engine, it is important to use
a type of lube oil in the engine that will “capture™ these
acids. The total base number (or TBN) is an indicator of
the acid absorbing capability of an oil: the higher the TBN
number, the better the acid neutralizing capability.

But higher TBN is not always better for a gas engine. An
ash material is typically the oil additive used to neutralize
acids, and high-ash oils are not recommended for natural
gas engines. High levels of ash in lube oil will leave car-
bon deposits when combusted in natural gas engines that
can cause premature wear and require an in-frame over-
haul to replace the affected components. Therefore, users
should look for an oil with the highest TBN recommended
by the engine manufacturer, and use a scheduled oil sam-
pling system to optimize the oil-change interval.



Figure 1. Landfill-Gas-To-Energy — Typical Fuel Treatment System
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PROTECTING ENGINES

In protecting engine performance and longevity, there is no
free lunch. Either basic approach — fuel pretreatment or the
acceptance of reduced maintenance intervals with specially
designed landfill engines — adds capital cost and affects
long-term maintenance expense. The question is which
option is the more economical for a given site.

Fuel pretreatment
A front-end gas processing (pretreatment) system can

make up a significant share of a project’s capital cost. The
components must be chosen for function, reliability, and
resistance to corrosive damage from the impurities they
remove. In theory, pretreatment could deliver near-
- pipeline-quality gas, but that is seldom if ever economical.
The pretreatment design usually requires a compromise:
fuel good enough to enable reliable engine performance
under a reasonable maintenance regimen.

Figure 1 shows a typical gas pretreatment system. Every
installation should include an inlet scrubber and fuel filter
to remove water droplets from the gas and trap solid mat-
ter, and a gas compressor to deliver fuel to the engines at
the necessary volume and pressure. Other gas treatment
steps commonly include:

Demister: Removes oil from the gas stream in systems where
oil is injected into the gas to lubricate the compressor.

Gas to gas heat exchanger
for reheat and economizer

93¢

v

Coalescing
fitter
4 microns

Gas drier
2-3°C
devr point

I Condensate
l_l drain

Gas-to-air cooler: Lowers the temperature of the gas after
it is compressed, thus reducing moisture 'and preventing
condensation and attendant acid formation later in the fuel
delivery system, or inside the engines.

Gas-to-gas heat exchanger: Precools the gas entering the
dryer to reduce dryer power demand. The gas leaving the
dryer is reheated later in the process by the gas-to-gas heat
exchanger to prevent water from condensing downstream.
These heat exchangers are typically made of stainless steel.

Dryer: An effective way to reduce halogens and H,S in
the gas. The device is usually a gas-to-liquid heat ex-
changer that uses a refrigerant. The gas is dried by chilling
to a dew point of 36° to 37 ° F (2° to 3° C). Because halo-
gens and H,S are water soluble, reducing water content
also reduces their concentrations. The dryer also reduces,
to a lesser extent, some species of gas-borne siloxanes.

Coalescing filter: Removes any remaining water or oil
droplets, and remaining solid matter down to 0.4 microns
in size.

Condensate drain: Collects water removed from the gas.
The water may be treated for discharge to a sewer system
or, in some locations, reintroduced to the landfill to stimu-

‘late methane production.



An effective fuel treatment system helps reduce special
maintenance demands on the engines but does require
maintenance of its own. Every component in the treatment
train needs service at intervals dictated by the characteris-
tics of the fuel and the equipment make and model. Since
the gas recovery project is only as reliable as the weakest
link, all fuel pretreatment components need to be selected
with the same attention to detail as the gas compressor,
generator set or other system component.

Special engine design
In the mid-1980s, engine designers began looking at the

demands of low-energy fuel applications (chiefly landfill
and digester gas) and seeking ways to “harden” engines
against fuel impurities. In essence, the engine designers
accepted the realities of the corrosive fuels introduced to
their engines and modified the design of critical compo-
nents and systems to counteract the effects of many of
these contaminants.

The resulting low-energy-fuel engines still require an inlet
gas scrubber and gas compressor, and they may need other
fuel-treatment steps under certain fuel conditions. In general,
though, the engine modifications themselves were designed
to counteract the effects of fuel-borne contaminants.

While modifications add to the capital cost of the engines,
the capital and maintenance cost of pretreatment equip-
ment can be reduced, sometimes significantly. Field ex-
perience demonstrates that the engines achieve acceptable
maintenance and service intervals, and availability per-
centages that are highly competitive in the landfill indus-
try. The engine modifications have three basic strategies:

e Keep harmful substances from forming inside the
engine,

e Make highly susceptible components corrosion
resistant,

e Eject potentially corrosive gases.
Here are the specific modifications:

Optimized jacket water temperature. A two-circuit
cooling system keeps the jacket water at 230°F (110°C),
optimal for landfill service and well above the 194° to
210°F (90° to 99°C) range typical of standard natural gas
engines.

The warmer jacket water temperature inhibits water vapor
entrained in the exhaust gas and blow-by gases from con-
densing on the cylinder liners and on other internal engine
surfaces, thus limiting the formation of acids and attendant
corrosion. It also helps keep condensation and acid forma-
tion from reaching the lubricating oil, further protecting
components and helping to extend oil-change intervals.

Tests to date indicate that the elevated jacket water tem-
perature can improve oil life, significantly reduce cylinder
liner pitting and the corrosion of other cylinder compo-
nents, crankshafts, bearings and other critical wear parts
without jeopardizing expected component life and mainte-
nance intervals.

The elevated jacket water temperature is enabled by a
higher coolant flow through the cylinder block, and by the
addition of heat-resistant jacket water system and pump
seals. In addition, the oil cooler is moved from the jacket
water circuit to a lower-temperature auxiliary circuit. This
keeps the oil temperature from exceeding its allowable
limit of 210°F (99°C). The oil cooler thermostat begins to
open at 200°F (93°C) to prevent the oil from being over-
cooled.

Corrosion-resistant materials. As further protection
against naturally forming acids, the landfill-specific design
minimizes the use of bright metals (copper and unpro-
tected steel) in components likely to come in contact with
the fuel or exhaust gases. For example, the aftercooler
cores, made of copper alloys in standard gas engines, are
made of stainless steel in the landfill versions to resist at-
tacks from acids of sulfur, chlorine and fluorine.

On precombustion-chambered engines, the ignition body
that holds the prechamber into the cylinder head has higher
corrosion resistance than in standard engines. Extensive
field-testing has shown this component to be susceptible to
corrosion unless the material is upgraded.

The balance of landfill cylinder head components are of a
similar design as in standard engines, but materials may
have been modified for longer life. The intake and exhaust
valve materials, for example, have been modified for im-
proved heat resistance, and the valve seat angles are opti-
mized to minimize the formation of hard deposits. On
some engines, a three-angle-shape valve face design com-
bines long life with increased contact forces that combat
deposits from higher-ash oils and other silicon deposits
typical in landfill engines.

Crankcase ventilation. An additional line of defense
against engine corrosion comes from a low-pressure air
pump that draws warm, filtered air into the crankcase and
evacuates harmful gases (see Figure 2). Thus when the
engine is needed on line or has been shut down for mainte-
nance or repair, the crankcase components are not exposed
to condensing corrosive blow-by gases. Engine oil life will
be improved as well.

Where ambient air is cool enough so that ventilation air
itself might cause condensation in the crankcase, the inlet
air can be preheated by passing it through a duct over the
exhaust manifold.



Figure 2. Crankcase Ventilation System
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COMPARING OPTIONS

Comparing the merits of external fuel pretreatment with
merits of engines designed for landfill service requires a
rigorous but relatively simple cost analysis.

The process begins with a fuel analysis, because that
largely dictates the degree of fuel pretreatment that landfill
engines will need. If the landfill has been in operation for
awhile, multiple samples should be evaluated to understand
the minimum and maximum methane content as well as
the minimum and maximum contaminant levels expected
in the fuel over time. If the landfill is a new installation, a
landfill sample with an “educated guess” as to the methane
content and expected fuel contaminant levels (based on the
expected fill materials) should be evaluated. In general, the
more contaminants there are in the fuel, and the larger their
concentration, the greater the demands on the pretreatment
system, and the greater its cost.

Based on experience, the pretreatment system designer can
estimate the capital (installed) cost of the system as well as
the expected maintenance cost of the components and the
projected total ownership cost.

Based on the expected quality of the treated fuel, the gen-
erator set manufacturer will be able to project intervals for
basic maintenance, as well as expected run times to top-
end, in-frame and major overhauls. This will enable a cal-
culation of the total costs of maintenance, which will in-
clude service labor, components, and consumables (fluids,
filters, etc.) cost over the project life.

Manufacturers with experience in landfill operation may
be able to provide long-term maintenance contracts that

guarantee a fixed maintenance cost per kilowatt-hour.
Such contracts also can include guarantees covering up-
time (as a percentage of total available operating hours)
and emissions levels.

With these calculations complete, it is relatively simple to
compare installed and ownership costs per kWh for the
two alternatives. As a general rule — and especially where
the cost difference is not compelling, it may be worthwhile
to consider various intangibles. These include:

e Familiarity of in-house staff with the equipment
they will be asked to maintain.

e The quality and availability of service and techni-
cal support (including time to deliver routine and
emergency replacement parts)

e The comparative track records of the equipment
suppliers (in particular, their direct experience in
landfill-gas-to-energy projects).

CASES IN POINT

Elevatedjacket water temperature technology has been in
use in landfill applications since the mid-1980s, and many
of the other landfill modifications have evolved since then.
Altogether, these technologies (using Caterpillar® engines
alone) are at work on more than 920 MW of landfill gas
projects installed since 1996.

The modifications are available on landfill versions of ad-
vanced gas engines developed through the U.S. Depart-
ment of Energy Advanced Reciprocating Engine Systems
(ARES) program and introduced commercially starting in
late 2002.



These ARES landfill gas engines will be available in 12-,
16- and 20-cylinder configurations, operating at 50 Hz or
60 Hz, at speeds up to 1,500 rpm, with ratings up to 1,950 kW.
A leaner fuel mix reduces combustion temperatures and
drives down NOy formation. NOj ratings as low as 1.0 and
0.5 g/bhp-hr, 60 Hz (250 and 500 mg/Nm’, 50 Hz) are
available without exhaust aftertreatment. A low-pressure
fuel system (1.5 to 5 psi/ 10 to 35 kPa) makes the units
adaptable to landfill gas service.

Here are a few examples of landfill-gas-to-energy projects
driven by engines designed to tolerate landfill gases:

Seneca Meadows Landfill, Seneca Falls, N.Y. This en-
ergy system, owned by Innovative Energy Systems of
Oakfield, NY., began operating in 1996 and has been ex-
panded three times to its current 11.2 MW capacity.

The system uses 14 Cat® G3516 generator sets modified
for landfill service. As of 2004, the first three generator
sets had run times of 68,000 hours, and management had
projected that they could run 100,000 hours before major
overhaul. In the fuel pretreatment system, methane at 3 psi
passes through a chiller and into a glycol bath that removes
halides, moisture, and particulates down to 0.1 micron.
Overall energy plant NO, emissions are 1.3 g/bhp-hr,
compliant with local air-quality standards.

Rhode Island Solid Waste Landfill, Johnston, R.I.
Ridgewood Renewable Power in July 2005 commissioned
four Cat G3520C Low Energy generator sets, among the
first such units shipped in North America. Each of these
units is driven by an ARES-derivative 20-cylinder engine
delivering 1.6 MW.

The system was installed by Milton Cat in Milford, Mass.,
which shared the operating risk by offering a performance
guarantee and a fixed maintenance price per kWh under a
comprehensive maintenance program. Emissions compli-
ance is also guaranteed under the contract (the units are
rated at 0.5 g/bhp-hr NOy).

South East New Territories Landfill, Hong Kong. This
site, operated by Green Valley Landfill Ltd., installed two
Cat G3516 landfill generator sets in 1997. Each unit is
rated at 970 kW, providing 1.9 MW of continuous power
for the landfill infrastructure and an on-site wastewater
treatment plant. The units operate in parallel with the local
utility, exporting excess power to the grid. The generator
sets have oversized radiators to compensate for tropical
heat and humidity.

Management reports that the facility is online 99 percent of
the time. Green Valley Landfill provides regular mainte-
nance in-house; while top-end, in-frame and major over-
hauls are performed by The China Engineers, the local Cat
dealer.



CONCLUSION

Landfill-gas-to-energy system operators have a range of
options for dealing’ with fuel-borne contaminants. Both
fuel pretreatment systems and special engine designs that
combat the effects of corrosive fuels have proven effective
in multiple applications worldwide.

Because the relative costs and benefits of these basic options
can vary greatly with site-specific conditions, operators
should analyze both methods of fuel contaminant control
as part of project planning. The “right answer” for any one
project may well include a combination of fuel treatment
options and optimized engine maintenance practices. To
forego this analysis is to risk missing an opportunity to
achieve the lowest practical capital and maintenance cost
for the system. :
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Livinggfon, Sylvia

From: Livingston, Sylvia

Sent: Monday, February 07, 2011 4:35 PM

To: 'scott.salisbury@landfillenergy.com’

Cc: ‘'sstacy@derenzo.com'; 'rharvey@derenzo.com’; Shine, Caroline; forney.kathleen@epa.gov';
‘abrams.heather@epa.gov'; Gibson, Victoria; Koerner, Jeff, Walker, Elizabeth (AIR)

Subject: RAI Reminder: Brevard Energy, LLC - Central Disposal Facility (0090069-009-AC/ PSD-
FL-378C & 0090069-010-AV)

Attachments: RAI Reminder 0090063-009-AC_010-AV_020711.pdf

Dear Sir/Madam:

Please send a "reply" message verifying receipt of the attached document(s); this may be done by selecting
"Reply" on the menu bar of your e-mail software, noting that you can view the documents, and then selecting
"Send". We must receive verification of receipt and your reply will preclude subsequent e-mail transmissions to
verify receipt of the document(s).

The document(s) may require immediate action within a specified time frame. Please open and review the
document(s) as soon as possible.

The document is in Adobe Portable Document Format (pdf). Adobe Acrobat Reader can be downloaded for free
at the following internet site: <http://www.adobe.com/products/acrobat/readstep.html> .

The Bureau of Air Regulation is issuing electroriic documents for permits, notices and other correspondence in
lieu of hard copies through the United States Postal System, to provide greater service to the applicant and the
engineering community. Please advise this office of any changes to your e-mail address or that of the Engineer-
of-Record. C

Thank you,

Sylvia Livingston

Division of Air Resource Management (DARM)
Department of Environmental Protection
850/717-9043 (New Phone)
sylvia.livingston@dep.state.fl.us




Livingston, Sylvia

From: Robert Harvey [rharvey@derenzo.com]

Sent: Thursday, February 10, 2011 4:28 PM

To: Livingston, Sylvia

Cc: Michael Laframboise; Richard DiGia

Subject: RE: RAI Reminder: Brevard Energy, LLC - Central Disposal Facility (0090069-009-AC/ PSD-

FL-378C & 0090069-010-AV)

Thank you for the reminder, Derenzo and Associates is replying to this reminder on behalf of the applicant (Brevard
Energy, LLC). '

We are working on the RAl and are collecting fuel samples for analysis as requested by the Florida DEP. We anticipate
responding to the RAI within the specified 90-day time period (90 days from December 27, 2010).

Regards,

Rob Harvey

Derenzo and Associates, Inc.

RHarvey@derenzo.com
-{517) 324-1880

From: Livingston, Sylvia [mailto:Sylvia.Livingston@dep.state.fl.us]

Sent: Monday, February 07, 2011 4:35 PM

To: scott.salisbury@Ilandfillenergy.com

Cc: sstacy@derenzo.com; rharvey@derenzo.com; Shine, Caroline; forney.kathleen@epa.gov; abrams.heather@epa.goyv;
Gibson, Victoria; Koerner, Jeff; Walker, Elizabeth (AIR)

Subject: RAI Reminder: Brevard Energy, LLC - Central Disposal Facility (0090069-009-AC/ PSD-FL-378C & 0090069-010-
AV)

Dear Sir/Madam:

Please send a "reply" message verifying receipt of the attached document(s); this may be done by selecting
"Reply" on the menu bar of your e-mail software, noting that you can view the documents, and then selecting
"Send". We must receive verification of receipt and your reply will preclude subsequent e-mail transmissions to
verify receipt of the document(s).

The document(s) may require immediate action within a specified time frame. Please open and review the
document(s) as soon as possible.

The document is in Adobe Portable Document Format (pdf). Adobe Acrobat Reader can be downloaded for free
at the following internet site: <http://www.adobe.com/products/acrobat/readstep.html> .

The Bureau of Air Regulation is issuing electronic documents for permits, notices and other correspondence in
lieu of hard copies through the United States Postal System, to provide greater service to the applicant and the
engineering community. Please advise this office of any changes to your e-mail address or that of the Engineer-
of-Record.

Thank you,



