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ABSTRACT

Are 2 inches of insulation better than 4 inches?  Is stainless

steel gas piping better than HDPE?  Why is over-current

protection for a gas blower a redundant feature?

Specifying a landfill gas flare system can not only be

complicated, but may also dramatically impact the overall

cost of a project, depending on the specific requirements of

a particular site or its end user.  For a typical enclosed flare

and blower skid, the equipment cost alone could vary
$150,000.  Understanding why equipment is specified for a

flare system is critical in minimizing the overall cost of a

project.

In specifying a landfill gas flare system, the equipment can

be separated into three major categories:

Enclosed Flare Stack

Standard construction for an enclosed flare typically

contains minimal internal insulation and is painted with
external primer. Extra features can include additional

insulation, internal and or external coatings, additional

sample ports, stainless steel band at the top of the stack,

access ladders, platforms, as well as other miscellaneous

items.

Control Panel and Instrumentation

Most flare systems require a NEMA 4 panel with basic

instrumentation, such as a programmable logic controller

(PLC), flow meter, chart recorder, and motor starters.
Additional equipment can include gas analyzers, automatic

telephone dialers, variable frequency drives, surge

protection, and many others. Understanding which of these

items are needed, without adding unnecessary costs, can be

a difficult task.

.

Blower Skid and Components

Blower skids are becoming more prevalent as the industry

recognizes the cost benefits. The options are unlimited,

including quantity of blowers, choosing a single stage fan

or a multistage blower, piping materials and
configurations, valves, as well as many variations of these

items. All of these additions increase the cost of a system,

but they are not beneficial unless they are used properly or

add value.

Specifying a suitable landfill gas flare system has become

a very complex issue.  This paper will discuss the benefits

and disadvantages of the most popular features and options

available today, as well as the cost impact of each.  A

better understanding of the available features can ensure a

cost-effective system.

ENCLOSED FLARE STACK

Additional Insulation

Standard enclosed flare stacks have 2” of insulation.
Adding insulation can cost over $3,000 and may not add

any significant value.  The purpose of adding insulation is

to reduce the stack shell temperature; where 2” of

insulation may provide an estimated shell temperature of

250 F; 3” of insulation may reduce the shell temperature

approximately 50 degrees, with 4” of insulation cooling an

additional 30 degrees.  With additional insulation, the gas

transitions from the internal operating temperature of 1600

F to the shell temperature of approximately 200 F, which

is below the dew point.  When this occurs, the hot
corrosive gases can condense and corrode the metal shell.

Another disadvantage of additional insulation is it reduces

the stack volume, which in turn reduces the residence time.

If the shell temperature is a safety concern, additional

warning signs or a protected lockable fence may be a more

cost and design effective option.

Internal Blast and Prime

Some specifications will call for “internal blast and prime”

of the stack.  This procedure consists of sand blasting the

internal steel shell and coating with a primer.  Commonly,
most stacks do not have any internal treatment of the

metal.  This option is recommended for flare systems

operating intermittently, where there is the possibility of

the metal rusting due to water from rain or condensed air

moisture.  When a flare system is not in operation, water

can get behind the insulation in direct contact with the

uncoated metal, which can cause premature corrosion on



the inside of the stack.  On the other hand, if the flare is in

operation, moisture is unlikely to condense on the inside of

the stack and corrosion is minimized.  This option can cost

thousands of dollars depending on the stack size.  Since

this option can be costly, it only adds value when the

system is in intermittent service.

Chlorides, Sulfurs, and other compounds present in the gas

can also cause corrosion.  These elements will condense

into acids and salts as the gas cools to under 200 F when it

reaches the stack shell.  Some type of salt resistant primer
can prolong corroding of the metal.

Minor corrosion and even small holes in the stack will not

substantially effect the stack’s structural integrity.

Stainless Steel Band

Specifying a stainless steel band at the top of an enclosed

flare stack is an aesthetics preference to prevent paint

discoloration from hot flue gases. A more economical

option, and in many cases more effective, is to paint the

top 5’ of the stack black.

Additional Sample Ports

Two sample ports, 90 degrees apart and half the stack

diameter from the top of the stack, are sufficient for

emissions testing.  There are advantages to having four

sample ports, especially on larger stacks. One advantage is

that some test probes are not long enough for larger stacks.

Additionally, on stacks that are 10’ diameter or larger,

deflection may occur when the probe is extended through

the entire diameter of the stack.  In these instances, it may
be beneficial to have the test probe extended half way

through the stack, and then sample the other half from the

sample port that is 180 degrees away. Another advantage

for having four sample ports, is on windy days, test

personnel can use the two ports upwind to prevent hot flue

gases from causing discomfort.

Ladders and Platforms

Both ladders and platforms can add significant cost to a

system.  A ladder could cost $4,000 to $8,000, whereas a

platform can cost up to $10,000.  However, when used
frequently either can recover costs in a short time.  A

ladder will help in changing thermocouples, which can be

a yearly occurrence.  If a site does not have access to a

man lift, a ladder may be a wise investment.  Additional

safety features can be added to a ladder such as a lockable

gate at the base of the stack or a head shield to prevent

individuals from getting too close to the hot flue gases.

Platforms are beneficial if yearly emissions testing is

required.  They provide convenient access to the sample

ports.  Select the platform configuration to coincide with

the quantity of test ports.  For example, if your stack only

has two sample ports, a 150 degree platform is sufficient.

Also keep in mind both ladders and platforms will increase
installation costs.  They can also increase the wind loading

on the stack, which should be considered when designing

and installing the foundation.

Automatic Dampers

Enclosed flares often have half the air dampers in

automatic operation with an automatic temperature control

module, while the remaining dampers utilize manual

operation.  Some specifications will call for the dampers to

use all automatic operation.  While this doesn’t have a

dramatic cost impact ($500 to $2,000) the benefits can
equal the drawbacks in certain applications. Having all the

dampers in automatic operation may be beneficial in

applications that do not have steady-state flow, typically

where a third party gas user is connected to the system.

When a gas plant (third party user) shuts down, the flare

station will receive a rush of gas and the dampers will need

to fully open in a short amount of time to prevent high

temperature shutdown.  Since this is a non-planned,

immediate event, it is best that the flare system be able to

handle this large fluctuation of flow without manual

operation.  Having all the dampers in automatic operation
will remove some of the operator interaction.  While this

option seems to offer many benefits, it can be very difficult

to control.  Automatic dampers operate very similar to

butterfly valves in that very small adjustments in position

will result in large flow variations. The response of

automatic air dampers can be very sensitive, especially for

larger stacks, so establishing the proper control and tuning

parameters for modulation requires more effort.  By adding

twice as many damper controllers, twice the operational

sensitivity and maintenance is created.

Two UV Scanners

Certain regions require multiple flame scanners.  In areas

that do not, the addition of a scanner could cost a few

thousand dollars and some would argue its value.  On the

positive side, it does provide redundancy on a flare

component that when upon failure, will shutdown the flare.

However, an estimated 90% or more of the landfills with

enclosed flare stacks have one flame scanner in operation.

The need for a second scanner is infrequent and may not

pay for itself.  If two flame scanners are specified, it is

important to also specify that flare operation continues if
only one scanner fails.  Both scanners need to fail in order

to cause a flare shutdown.



Other Accessories

Many additional items can improve flare stack aesthetics

or convenience.  For example, a high temperature top coat

of paint costs a few thousand dollars and provides an
enhanced finish.  This option is for cosmetics only.

A low cost option that provides convenience is a hinged

damper or manway.  One of the manual dampers may be

hinged to provide easy access to the burner chamber.

A foundation anchor bolt template is useful in positioning
and installing the anchor bolts in the field.  The template
should be shipped prior to the flare, so that it can be
utilized at the time the flare foundation is formed,
estimated cost is $1,000 to $2,000.

CONTROL PANELS AND INSTRUMENTATION

Panel Enclosures

The panel enclosures used most often in landfill

applications are rated NEMA 4 (carbon steel) or NEMA

4X (stainless steel).  Stainless steel does offer corrosion

resistance; however, it does not offer any additional

protection to the components inside the panel.  A NEMA

4X rating nearly doubles the cost of the enclosure.

Classifications

To reduce costs, control panels are considered unclassified
and designed to satisfy minimum code and safety

requirements.  Classifying a panel adds significant cost to

not only the control panel, but can impact the surrounding

equipment as well. Understanding local requirements is

always recommended to ensure equipment satisfies

applicable codes without adding unnecessary costs.

Applying UL and CSA classifications is a relatively low

cost process, $1,000 to $4,000, and may be required by

local regulations.  Both of these classifications require

labeled control components, specific wiring by qualified
personnel, and possibly even an inspector to certify the

entire panel assembly. An additional benefit to having

these certifications is that the panel is built in accordance

with specific standards.  It gives the user and local

authorities peace of mind.

Classification requirements can add major cost to a project,

several thousands of dollars, as well as effecting much

more than just the control panel.  An estimated 90% of

landfill gas flares are designed for unclassified areas.

Class 1, Division 1 electrical area classification requires all

control panels inside a defined area be explosion proof and
rated NEMA 7.  If a control panel is located within an

enclosed building, separating it from any gas containing

components can change the panel classification.  Class I,

Division 2 electrical area classification requires either a

NEMA 7 or NEMA 4 rated enclosure with an air-purge

system.  The NEMA 4 enclosure is the least expensive

option.  A few extra items are needed to air purge the

panel: an air source, either with an air compressor or
nitrogen tank, a pressure switch that shows that the panel

has positive pressure at all times, conduit seals, and some

minor control logic alterations.  API and NEC recommend

all equipment located within 15’ of the gas source are to

satisfy Class 1, Division 2 requirement.  This definition is

a recommendation only and may not be required by local

codes.  Some landfills have reduced this distance to 5’

from the gas source. Classification is always based on

local codes and will vary from site to site, state to state.

The industry standard is to build for unclassified areas, but

the final design is ultimately the site’s decision.

Variable Frequency Drives

A Variable Frequency Drive (VFD) can double or triple

the cost of a motor starter, but in most cases have a one or

two year payback with drastic energy savings.  They can

also reduce initial costs in blower selection and motor

horsepower. By increasing the speed of a blower from the

standard 3600 rpm, flow and pressure performance is

increased. Typically, 10 to 15% speed increase is available

for most blowers designed for 60 Hz.  With this increase in

speed, a smaller machine is available, which provides
more flow and pressure. A payback study (Example 1) is

shown on the next page.

A VFD offers a more energy efficient solution and has a

dramatic impact on energy usage.  The traditional direct

drive blower is a fixed speed machine.  If demand or inlet

conditions change, the most often used blower control

method is inlet throttling.  Not only does this create

pressure loss at the blower inlet by closing a valve, which

is not energy efficient, the blower is working just as hard

as it would be if it had full flow and pressure conditions.

The effects of reducing the blower speed are known as the
1-2-3 law as stated below and shown on Figure 1.

1. Flow produced by a blower is proportional to the

motor speed.

2. Pressure produced by a blower is proportional to the

motor speed squared.

3. Horsepower required by a blower is proportional to

the motor speed cubed.

The reduced speed from the VFD also offers lower

discharge temperature, lower vibration and lower noise
levels.  The absence of a partially closed butterfly valve

further reduces noise. A VFD also acts as a “soft start”

which eliminates the sudden surge of power that is

required with standard motor starters.



This reduces the stress on the blower and motor, which

also reduces maintenance, repair costs and extends

machinery life.  They are also helpful in the vacuum

control of the gas wells to decrease operational labor.

Example 1

A landfill is expected to produce 2000 SCFM of gas in the

future, but is only producing 1500 SCFM.  If the blower

and flare station was initially designed to handle 2000

SCFM, the blower will only be delivering 75% of the total

gas flow.  Assuming a 40 horsepower motor was required

and a VFD was used to reduce the flow rate instead of an

inlet throttling valve, the actual horsepower required for

75% of the flow would be 42% of the rated horsepower, or

16.8 actual horsepower.  Based on a cost of energy at

$0.06 per KW-hr and a blower operating 50 weeks out of
the year, the VFD would save an estimated $5,000 per

year.  At this rate, the additional cost for the VFD would

be recovered in about a year.

Blower Bearing Temperature Monitoring

Blower bearing temperature can be monitored with either

thermocouples or resistance temperature detectors (RTD).

With these provisions, it is possible to monitor bearing

failure by monitoring their temperature.  An increase in

temperature equals an increase in friction.  This friction is
typically caused from a shaft imbalance or bearing

corrosion.  If blowers are in intermittent service, the

landfill gas can enter the bearing housing, cool, and then

condense into hydrogen sulfides that may corrode the

bearings.  A setpoint for a temperature shutdown is

recommended for 200 F.

Thermocouples are recommended over RTD for a few

reasons.  When a RTD is used with a VFD, the VFD can

generate electrical interference.  Also RTD’s tend to be

more difficult to wire.  Thermocouples are fairly

inexpensive and should be mounted at both the inboard

and outboard bearing housing.

Surge or Current Protection

The control panel can provide surge protection (low

amperage) or overload protection (high amperage) for gas

blowers.  Basic surge protection costs just a few hundred

dollars and can provide blower protection.  As flow is

reduced, the gas density decreases, and the load on the

blower is reduced which reduces the amps.  Each specific

blower will have a surge point or a minimum amperage

requirement.  If this point is reached, excessive blower

vibrations, pulsation, and possible blower damage can

occur. The blower amperage can be easily monitored with

an analog signal to an operator interface panel (OIP) or a
digital control module.  Surge protection is not necessary

with a VFD since the drive adjusts speed (rpm) which in

turn changes the load or amperage, as well as the blower

surge point.

Overcurrent or overload protection is a redundant feature,

because a motor starter overload will trip the contactor and

shut down the blower due to overloading.

Expecting dual scale ammeters, with one display for both

flow and current, to provide valuable information is
unrealistic.  This feature can be confusing and give

inaccurate flow information.  The scale is calibrated from

the blower curve, flow verses current, where the input

parameter for the ammeter is amperage.  The flow rate

shown on the ammeter is only for one set of constant inlet

conditions.  However, the actual flow rate may vary

significantly from the ammeter when any design parameter

changes, such as methane concentration, gas temperature,

blower speed when using a VFD, and gas density.

Consequently, the actual operating conditions vary rarely

coincide with the specific inlet conditions selected to

calibrate the meter.

Vibration Monitors

Vibration monitoring for the gas blowers is easily done

with a transmitter mounted in the gas blower inboard

bearing housing.  The transmitter sends an analog signal to

the control panel where the value is displayed on either an

OIP or a digital control module. Vibration monitors play a

key role in early detection of blower problems caused from

an imbalance in the seals, bearings, or direct couple motor.

Figure 1

Percent Speed vs. Percent Flow, Pressure, Horespower
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With this early detection, specific parts can be replaced on

site instead of sending the blower back to the factory after

complete failure. Vibration transmitters can be fairly

inexpensive, only a few hundred dollars, if the control

panel PLC is capable of accepting the signal.

Gas Analyzers

Gas analyzers for a landfill application are primarily
utilized for detection of methane, oxygen, or a
combination of both gases.  Both gases are continuously
measured and the output is connected to the control panel
for recording capabilities, or monitoring fault conditions.
Methane detection is used primarily for monitoring how
balanced the well field is operating.  Any fluctuation in
percent of methane may indicate that gas wellhead
adjustments need to be made. Low values of methane may
also determine a need for enrichment gas to maintain
operating temperature.

Oxygen detection is generally used for alarm and
shutdown status.   A range of 5 to 6% generally indicates
that the wells need adjusting, that particular wells may be
introducing too much outside air.  It also could indicate
that there is a leak in the collection system.  Oxygen levels
between 15 to 19% indicate the gas is within the explosion
range and should shutdown the flare system.

General costs for analyzers can be anywhere from $5,000
to $50,000 depending on the features, such as digital
display, chillers, sample pump, automatic moisture
removal system, any many others.  If continuous
monitoring is not required, the gas samples can be taken
manually, which would save initial cost and possible
maintenance of an additional mechanical component.

Analyzers are quite temperamental and require dedicated
maintenance and attention for proper operation.  Regular
calibration and adequate sample conditioning are critical.

Other Accessories

Many additional options are available for a flare system to

meet specific needs of the user.  Some of these items are

cost effective and can save operation time.

A chart recorder is required by some regulators, and can

also be valuable to maintain operating information.  It

displays and prints certain parameters such as flow and
temperature.  Additional signals also can be connected to

the recorder including gas composition or inlet vacuum.  A

basic chart recorder utilizes circular or strip chart paper

and has minimal input options.  Paperless or digital chart

recorders cost approximately a thousand dollars more but

offer additional features.  It can be stored on a floppy disk,

viewed on a remote computer, and also offers up to 12

inputs.

An automatic telephone dialer is capable of

communicating via telephone, fax, Internet email, pager or

computer for alarm notification.  It is also capable of
online communication via modem and phone for retrieving

real time information or historical data logging

information.  Approximate costs for autodailers can range

from $3,000 and up.

Installing a control panel canopy or weatherhood is

beneficial for limiting control panel exposure to the

elements.  It minimizes the impact of direct sunlight on

critical components including operator interface screens

and variable frequency drives.   Weatherhoods only cost
$1,000 to $2,000.

BLOWER SKID AND COMPONENTS

Blower Skid

Most components can be mounted on a steel skid structure

at the factory prior to shipment. A blower skid may cost
more initially, but will save approximately the same

amount in the cost of installing the ship loose components.

A skid also provides ease of installation, minimizes

installation time, and places more responsibility on the

equipment manufacturer.  Everything on the skid is

properly mounted and connected with gas pipe, along with

installing conduit and wire to the control panel.  The major

savings associated with installation is having the control

panel on the skid.  This can reduce electrical installation

cost by tens of thousands of dollars.  It also ensures that

everything is installed properly and factory tested prior to
shipment.

Installing floorplate surfaces to cover all open areas of the

skid is also a consideration.  For the most part doing so is

considered a safety benefit when walking around the skid.

With the increase in steel costs, installing a floor can cost

up to $10,000 depending on skid size and coverage

necessary.  Floorplate also tends to be slippery when wet.

A lower cost alternative is to fill the open areas of the skid

between members with gravel after installation.

Gas Blowers

Gas blowers can have a large impact when specifying a

flare system.  They can range from $2,000 to $40,000

each, possibly more.  Understanding what type of blower

meets each application is the first step.  Two main types of

blowers are used in landfill applications, single stage fans

or multistage blowers. Table 1 outlines the major

differences in these selections.



Table 1

Item Fan Blower

Cost Few thousand dollars 3 to 4 times the amount of fans

Total Pressure Up to 70” w.c. maximum Approximately 15 psig maximum

Turndown Capabilities Greater than 10:1 Typically 3:1

Noise (dbA within 3 feet) 85-95 85 or less

Capacity Wide range Wide Range

The major differences in these blowers are cost, turndown,

and pressure.  Applications that require a spare blower

may need to include three 50% flow multistage blowers, or
two 100% flow fans.  Not only are the fans less expensive,

but since they offer better flow turndown, the quantity of

the fans per skid can be reduced, which reduces cost in

piping, valves, skid size, and expansion joints.  Below is a

cost example:

System A has a total flow of 4000 SCFM, with an inlet

pressure of 50” w.c., outlet pressure of 10” w.c., requires

turndown to 700 SCFM, and needs a spare blower.  If this

system is designed with multistage blowers, the skid may

have three blowers at 2000 SCFM each to achieve the
turndown.  If the system is designed with 2 fans at 4000

SCFM each, the estimated cost savings are $40,000.

If the design total pressure does not exceed approximately

70” w.c., and noise is not a concern, considering single

stage fans is beneficial from a cost standpoint.  However,

since fans also tend to be less durable, the life expectancy

may also be shorter.

Other considerations for specifying blowers are internal

coatings.  Typical multistage blowers in landfill

applications have a cast iron casing, carbon steel shaft, and
aluminum impellers.  Only in instances where a high level

of H2S present, such as Construction and Demolition

Landfills, should provisions be taken for coated aluminum

impellers and stainless steel shafts.

Piping

A few popular choices of pipe material for blower skids

exist, but they are as diverse in the cost as they are in

design parameters.  Polyvinyl chloride (PVC) and carbon

steel piping may offer the least expensive options.  Usually
PVC is not recommended for its low heat tolerance and

tendency to be brittle, while carbon steel will be more

susceptible to corrosion.  It usually will be specified to be

internally coated; however the coating typically is not

evenly applied.  Therefore, the two most popular pipe

materials are high-density polyethylene (HDPE) and

stainless steel.

Stainless steel pipe is approximately four times the cost of

HDPE.    The pressure rating for HDPE piping and fittings

is 100 to 160 psi depending on the dimension ratio and
wall thickness.  It offers an operating temperature of 150

F and a thermal coefficient of 0.00012 in/in- F; which

equates to less than one inch of growth on a typical blower

skid.  The most efficient way to correct this expansion

issue is with proper placement of extra expansion joints,
on the inlet and outlet of the blower skid, and inlet and

outlets of the gas blowers.

For larger flowrates (9000 SCFM or greater), considering

the internal diameter of HDPE, a 22” diameter HDPE pipe

may be necessary to achieve the same gas velocity as 18”

diameter stainless steel.  This difference in diameter

doesn’t impact cost as much as the skid size and

arrangement.

HDPE is also easier to use in the field.  Most landfills have
HDPE fusion machines, from utilizing it in the well fields,

and can easily assemble, move, or fix HDPE piping.

HDPE pipe is a better insulator than stainless steel.  This

characteristic is important in cold climates or regions with

significant temperature variations at night (desert or

coastal climates).

One of the disadvantages of stainless steel pipe, not often

considered, is the risk of condensation.  As the landfill gas,

which is around 100 F, contacts cold steel, condensation

occurs. Many sites located in the northern regions, desert

or any other area that experiences significant ambient

temperature variations struggle with condensation,

especially without proper heat trace and insulation.

Condensation can cause a huge problem for the blowers,

flame arrestor, flowmeter, and many other mechanical

components.  Thermal mass flowmeters will generate a
maximum flow signal when wet.  Blower seals will erode.

Flame arrestors become clogged.  If proper drainage does

not occur on a frequent basis, any of these things can and

will occur with excess water.  Although heat tracing and

insulating the pipe will help decrease the amount of

condensation, it adds even more cost that may not be

needed if HDPE piping were used.  Stainless steel is also

more difficult to modify in the field since it requires

welding.



Pressure drop considerations also are important when

designing pipe for suitable gas velocity.  Most landfill

design criteria for flare skid and interconnecting piping

between the skid and flare is 80 to 100 ft/s.  This parameter

will yield less than a 5” w.c. pressure drop.  Decreasing the

velocity by increasing the pipe size will increase cost, but
it will ultimately decrease the pressure drop.  Depending

on the length between the skid and flare, types of extra

fittings, or mechanical components that take an additional

pressure drop, a larger pipe diameter may be required to

utilize the existing blower.  Otherwise, a larger blower

with greater discharge pressure may be necessary.

Butterfly Valves

Valve placement, whether located in vertical or horizontal

pipe, can greatly impact costs, up to $15,000.  Having

valves in vertical piping can save several thousands of
dollars.  Horizontal placement requires extra flanges and

fittings since the valves can not be mounted directly to the

blowers. It also may increase the size for the same reason.

The piping layout is affected, which makes the skid larger

and more costly.  The problem with vertical valves is that

when the blower is not in operation, and the manual hand

butterfly valve is closed, water can collect on top of the

valve.  Depending on the gas composition, this may

corrode the valve seats and leak into the blower housing.

Once the condensate is in the blower housing, it may also

corrode the shaft and seals.  Therefore, with valves located
in vertical pipe, opening the valves periodically is

recommended to allow liquid to drain from the bottom of

the gas blower.

Valve material can effect the cost a few thousand dollars.

Typical manual butterfly valves with a carbon steel body,

nickel plated disc, and BUNA seats are sufficient for

landfill gas service.  Anything from stainless steel body

and disc to Viton seats can increase the cost.  Although

stainless steel and Viton seats are better materials, the

question arises as to whether they are even necessary.

Check Valves

The purpose of check valves is to prevent back flow to

blowers.  They should only be specified if more than one

blower is being used.  Typical materials are an aluminum

external and internal with a nitrile seat.  Using stainless

steel materials will increase the cost a few hundred dollars,

since it is a better material, but offers little advantage in

landfill gas applications.

Automatic Safety Shut-off Valve

An automatic safety shut-off valve serves as the main on

or off valve and should always be designed for the fail-safe

operation (fails to the closed position).  It typically consists

of a high performance butterfly valve, carbon steel 150 lb.
wafer body, 316 stainless steel disk, stainless steel shaft,
and Teflon seal. Actuation can be electric or pneumatic.
Electric fail-close valves are not commonly available
above 8” diameter without a hydraulic actuator. Hydraulic
actuators are very large and are extremely expensive with
increased maintenance costs.  Pneumatic actuation is
achieved using either nitrogen cylinders or compressed air.
Nitrogen tanks are the less expensive option but require a
regular maintenance schedule.  It is recommended that two
nitrogen tanks be in place with one as a spare.  A typical
nitrogen tank can achieve 680 strokes for an 8” diameter
pneumatic operated valve. Viton seats are not available for
high performance valves and not recommended because
they are not as pliable as Teflon and can cause the need for
a larger actuator.

Gas Temperature

Gas temperature can have a major impact on cost.  An

estimated 95% or more of the landfill gas systems are

designed for 100 F.  By designing for a higher

temperature, the gas density changes, which increases the

gas blower, motor starters, amperage, and other associated

components.    Knowing your temperature is valuable in

cost.  Designing for higher temperatures (120 F) when it

is not necessary may add several thousands of dollars.

Moisture Separator

Moisture separators are placed directly upstream of the

blower to remove droplets of liquid, 10 microns or greater
from the gas.  They are not gross water knockout tanks.

They can vary significantly in cost depending on the

material, such as HDPE, carbon or stainless steel.

Stainless steel is the most expensive option, while carbon

steel costs approximately three times more than HDPE.

Applying a phenolic interior coating to a carbon steel

vessel is recommended to protect from corrosion.  HDPE

material is suitable for lower pressure applications, less

than 5 psig, which is adequate for most landfill gas

systems.  Certain regions may have fire code restrictions

that prohibit HDPE material.

Future expansion of equipment

Sizing the blower skid for future flowrates and flares can

be very cost effective.  Having one skid that handles
12,000 SCFM with one control panel and two 6000 SCFM

flares is approximately a third of the cost of two 6000

SCFM blower skids with two panels and two 6000 SCFM

flares.  One larger skid will also save on installation cost

and provides value in that one control panel will operate

both flare systems.  Control panels and skid piping

arrangements can also be sized for future energy



recovering options (sending the gas to a third party user).

Additional freight costs need to be considered when

increasing equipment and skid size.

Flowmeters

Two major types of flowmeters used in landfill

applications are differential pressure and thermal mass.

An office plate used for differential pressure has limited

turndown, about 4:1.  They also require a pressure drop

from the discharge of the blower.  This requirement needs

to be considered when designing the blower so that the

blower pressure is increased.  Thermal mass flowmeters

offer a higher turndown with no pressure drop and are

often less expensive; cost is a few thousand dollars.

Thermal mass flowmeters are sensitive to liquid contact.

When water hits the thermal probe, the flowmeter will

generate a maximum flow signal.

All flowmeters need an undisturbed distance of pipe for an

accurate reading. A distance of approximately twenty pipe
diameters of straight pipe is required before the flow meter
and approximately ten pipe diameters of straight pipe after
the flow meter.

CONCLUSION

Specifying a landfill gas flare system has become a very

complex issue. It is critical to understand the types of

options and equipment available for enclosed flares to

ensure that the user is getting a system that meets their

needs without unnecessary costs.  This paper outlined

some of the major and most common items that are

specified and added to landfill gas flare systems.  Not only

do these components cost more, there is also additional

design time, programming, manufacturing, and installation
costs that incur.

Table 2 is a compiled list of these items and their overall

cost impact to the job.  This data is from actual

specifications, designed for 3000 SCFM, with an 11’

diameter, 40’ tall enclosed flare and three (3) 50% flow,

multistage blowers mounted on a skid.

As the saying goes, “you get what you pay for”, but is it

worth paying 60% more?
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Table 2

Components Specification A Specification B Standard System

Enclosed Stack (11' x 40')

Internal Blast and Paint x

Extra 2" of insulation x

All automatic dampers x

Additional Scanner connection x

4 test ports x x

Hinged Damper x x

Top Coat of Paint x x

Ladder x x

   Lockable Gate x

   Head Shield x

Platform x x

Baseplate Template x x

Two (2) UV Scanners x

SS Band at the top of the stack x

Control Panel/Instrumentation

NEMA 4X Enclosures x

UL Classification x x

Variable Frequency Drives (VFD) x x

Blower Bearing Temperature Monitoring x

Surge Protection x

Vibration Monitors x

Combination CH4 and O2 Analyzer x x

Flowmeter x x x

Chart Recorder x x x

Autodialer x x

Weatherhood x x

Blower Skid/Mechanical Components

Floorplate x

Valves in the Horizontal position x

Coated Blower Impellers x

SS Piping instead of HDPE x

Carbon Steel Moisture Separator instead of HDPE x

SS Manual Butterfly Valves x

Design Gas Temperature for 120 F instead of 100 F x

Automatic Safety Shut-off Valve x x x

Flame Arrestor x x x

Additional engineering, programming, manufacturing x

Total System Cost (rounded to the nearest thousand) $395,000 $295,000 $245,000

System A and System B are based on actual engineering specifications.

All Systems are based on the same design parameter, unless otherwise noted.
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