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Introduction

HBC & our Family

The Two Most Valuable Assets Hurst Boiler and
Welding Co., Inc. has to Offer Our Clients are the Skills
and Wisdom of our Family MerhiieesRanducts

we Engineer, Fabricate and Install.

0 help you better understand our organization and products, Gene Hurst

(our o0Captdnd) put together this

you save time and enable you to make informed, profitabiesbu

decisions. You will find the information in this manual to be a complete, if

general, review of the components HBC uses and how they work together
to make HBCO6s Hybrid Solid Fuel/ Bi omas
we get to the techual issues, we would like to use this introduction as an opportunity
to provide more detailed information a
how to contact us.

Product

For overforty-severyears (founded in 1967), Hurst Boiler and Welding Chadnc.

been a major supplier of gas, oil and solid fuel boilers to thousands of satisfied
customers. Our firm has manufactured 8¥600 pressure vessels for world markets.

Hurst currently manufactures boilers ranging in size from 6 to 3,000 boilewborsepo

and from 30 PSI hot water up to 900 PSI steam (with superheat) operating pressures.
Hurst also manufactures a complete line of boiler room peripherals such as blow
down separators, surge tanks, pressurized feed water systems, open vented feed wate
sysems, steam accumulators, super heaters, underfeed stokers, sloped reciprocating
stokers, ochain gratedé type stoker s, |
cyclone collectors and exhaust stacks.

Location

All of these high quality products are predun our facilities located in Coolidge,
GA, USA. Our corporate facilities are located on US Highway 319 North in Thomas
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County, Georgia; two miles south of Coolidge, Georgia (population 250) and 11 miles
north of Thomasville, Georgia. Hurst Boiler aneldig Co., Inc. is in close
proximity to Albany, GA, Valdosta, GA and Tallahassee, FL. Tallahassee Airport
accommodates major airlines while Albany and Valdosta are serviced by the major
airlinesd commuter divisi omsgutes®d@two f ac
smaller airports, Thomasville and Moultrie, Georgia, which serve local corporate jet
aircraft.

Facilities

Hur st Boiler and Welding Co., Inc.0s ¢
land with 1,000 feet of highway frontage and local rail siding access. Our
manufaturing facilities measure 030,000 square feet with many overteeatl

mobile cranes ithreeplants in the USA. Wecently completed tieenstruction of

an additional 40,000 square foot manufacturing facility at our Coolidge facility with
new corporate offices.

Our plant resources include two stétineart CNC Plasmautting/beveling
machine, submerged arc, MIG (argon), GMA welding, automated welders, furnace
corrugators, presses, shears, rollers, drills and profiling equipment.

Our stress relieving oven easily accomnsadidteB Clieat treatment requirements.
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Our <illed labor and management, aroud@0 employees, includes A.S.M.E.
Certified welders, certified to Section IX in our own shop.

Site installations and servicing are carried out throughout the United States and the
world.

Quality

Quality control activés are organized to achieve the highest product quality and to
suit the customer's specific requirements. This policy is carried out in practice to
detailed standard procedures in the Company's Quality Control Manual.

Hurst Boiler and Welding Co., Inc.tasally committed to meeting all of the
requirements of the A.S.M.E. Boiler and Pressure Vessel Code, as a minimum, and the
Quality Control System outlined in Hurst Boiler and Welding Co., Inc.'s Quality
Control Manual for shop fabrication and field llastan of boilers, pressure vessels

and their appurtenances.

Shop or field repairs and/or alteration to boilers and pressure vessels shall be in
accordance with the National Board Inspection Code and the jurisdiction in which the
repair is being performed

Hurst Boiler and Welding Co., Inc. routingdytifies our products to CEU,
Chinese and Canadian standard requirements as well as othed comtries n d ar d s
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Management

THOMAS E. HURST, VICE PRESIDENT

Tommy Hurst has developed a sales team secoadet®f a high technical and

direct practical caliber. He knows the business well having joined the company as
a boilermaker's helper in 1970. He has experience with the technical demands of
coordinating the present corporate activities.

HAYWARD HURST, FIELD OPERATIONS

Hayward worked part time with Hurst Boiler and Welding Co., Inc. from 1975 until
January 1979 when he became full time Field Manager. He has considerable
experience with fabrication, machining, pipe work, installations and general site
erectbn. He is responsible for the development of practical skills and production
resources that contribute to the company's high reputation for quality installation and
repair services worldwide.

System Sales
GENE ZEBLEY , GASIFICATION-THERMAL SYSTEM SALES

Genebegan working for Hurst Boiler in 1988. With experience ranging from

project development, negotiation and export issues to remote installation
supervision, Gene is responsible for the development of Noatigevliestern

USA representation and sales of solid fuel systems and project/contractor
administration. Gene is a member of the United States Department of
Commer ceds Sout heast Re,dhe Biomads Magazme r t
editorial boaré&nd has experience teaching biomass thermal todgyogies

in a class room setting.

CHARLES COFFEE, SOLID FUEL SYSTEM SALES

Employed by Hurst Boiler in October 1979, Charlie has worked from installation
crew chief of boiler systems to become the leader of our solid fuel sales staff. His
primary agas of expertise are in the areas of solid fuel fired boiler projects, with
over 300 systems installed worldwide, and lumber drying technology. Charlie is
also responsible for direct marketing of our solid fuel systems in the Southern
USAand outside the USA
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Cliff Hurst, Sdid Fuel System Sales

Cliff has over ten years experience in boiler manufacturing and system design. He
is a prime example of Hur st Boiler C
knowledgeof boiler makingn to the enthusiastic third generatof the HBC

family.

Technical
BRUCE COFFEE, CHIEF ENGINEER

After beginning as a part time boiler maker's helper while in school Bruce began
full time with Hurst Boiler in 1981. Bruce has extensive experience in thermal and
stress design and has bemwolved with the development of the skills, methods
and plant improvement which enable Hurst Boiler to initiate programs and
control high quality fabrication and welding to satisfy quality control requirements
in the production of pressure vessels. Brag;eered our highly successful
Hybrid systems to be THE CHOICE when a solid fuel system is needed by the
US lumber industry.

JOHN WINSHIP, LOGISTICS SPE[LIST

John joined Hurst Bler and Welding Co., Inc. in April 1994. John is regp®nsi

for the scheduling and coordination of all boiler installation and repair personnel
as wel |l as the sale of repair and ma
related to the installation, operation and maintenance of the packaged petroleum
burne packages provided by Hurst Boiler and Welding Co., Inc.

GARY HUNTER, TRANSPORTATION MANAGER

Gary joined Hurst Boiler and Welding Co., Inc. in 1984. Gary is responsible for
the permitting and scheduling of all the modes of transporeigred to move

Hurst Boiler's products to market. The daunting array of configurations, which
our products possess, presents a challenge that Gary is well equipped to meet
successfully.
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Contact Information
Main Phone: (229) 3463545

Toll Free (USA/Canada): (877) 9948778 (99HURST)
Main Fax:: (229) 3463874
Mail Address: P.O. Drawer 529
Coolidge, GA 3173829
Shipping Address: 100 Boilermaker Lane
Coolidge, GA 31738

Corporate Website: www.hurstboiler.com

Family of Products

Hurst Boiler and Welding Co., Inc. manufactures a full range of packaged boiler
systems. To obtain additional product information, please contact usuwith yo
requirements.

Foll owing is an overview of the HBC Se
from the fuel storage systems to the exhaust stacks which HBC engineers, fabricates
and installs.

Vi


http://www.hurstboiler.com/
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RECIPROCATING FLOOR SOLID
FUEL/BIOMASS STORAGE

Material handling. Of all the things we do, material handling may be the most critical
part. If a biomass energy system does not have a reliable source of fuel, it will NOT
work to its specifications. There are many ways to store biomass antlitramap
particular location: bins, silos, truck dumps, traversing screw bins, reciprocating floors,
etc.

Of all the solid fuel/lbiomass storage technologies available Hurst has found the
reciprocating floor system to be the most adaptable, simiol amaintenance of all
technologies for the storage of high moisture content (>30% Moisture Content. Wet

T

<
-

[

Figurel A typical reciprocating floor unit. Notice the main assembly is mounted on a single steel plate rathg
the concrete
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Basis) biomass fuels. HBC offers this system as an option to its clients. Hurst engineers,
fabricates and installs these systems worldwide. Thecadoigfloor is a fuel
storage/handling system that allows bulk biomass fuel to transition from a storage area
into the fuel feed circuit as called for by the power system it is supplying.

A Hurst reciprocatg floor installation may be comprised of two (Bleatyfour

(29 approximately twenrtyur (24) foot long by three (3) foot wide, hydraulically
activated slides moving on a steel base plate. Each slide posselisesvaidods

welded to it at appximately three (3) foot increments, on either side. As the slide
moves forward the wedges present a near vertical surface to the fuel and plow/push it.
On the return motion the wedges tend to lift the fuel as they pass under it, thus fuel
movement occar mostly in the forward motion. The slides move on UHMW
polyethylene glide pads attached to their bottom. These glide pads are designed to
prevent fuel from building up under the slides and lifting them. Stationary wedges,
welded to the base plate, arsitfppned between the slide assemblies to prevent fuel
from oridingd with the slides on the
alignment maintained by a guide roller at the front end and at varying points along its
l ength by UHIMAME @ adade ddeavissThieentire absenblg

is welded to a steel plate base that acts as the foundation, in lieu of concrete anchoring
This completely eliminates the possibility of concrete anchoring failure due to

Figure2 typical hydraulic cylinders and puarrangement.

inconsistent concrete density.

The heart of theeciprocatindloor system is thhigh pressure, 2500 to 3000 PSI,
hydraulic pump capable of delivering approximately €léyegpm. Larger, higher
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capacity units maybe used for larger boiler installations. The hydrauppliestthe

motive force for the actuating cylinders attached to each slide. The six (6) inch bore,
thity-sixi nch stroke cylinders are actuat ec
Parker Hannifin hydraulic unit, while capable of 3000 PSI, is nonustiy dd that

pressure at which tineciprocatindloor is able to deliver fuel without experiencing a

stall condition-- the point at which the resistance to move the fuel is greater than the
pressure exerted by the cylinders. At installation, the pressureorsnally 1500 PSI,

to accommodate the fuel at that time, though a change of fuel, i.e. saw dust to bark,
may necessitate an increase in pressure. The hydraulic pump also has a volumetri
delivery control feature ad beoadjusiedy t h e
Programmable Logic Controller (PLC) timers are used to control the selection,
actuation and duration of stroke for each of the hydraulic cylinders.

The fuel typically is transitioned to a vibrating wWith @ 2 6 f u e | si zin
scew conveyor, commonly referred to as the exit conveyor or cross over conveyor, to
a feed/transfer conveyor supplying a metering bin. The metering bin maintains a small
fuel reserve just prior to the biomass being delivered to the gasification/combustion
chamber.




HURST BOILER SERIES o MH 6 :I

SOLID FUEL/BIOMASS FEED SYSTEM

The fuel feed system is comprised of all those elements necessary to deliver fuel to the
point of consumption, in this case the combustion/gasification chamber. This is one
of the most critically importanta s ks per f or med by HBCO6s
and reliable systems incorporate fuel feed units that offer the greatest reduction of
uncontrolled air being introduced into the system thereby increasing
gasification/combustion efficiencies to a nonewal.| The following narrative begins

at the Metering bin. The typical conveyance from the storage area to a metering bin is
accomplished through the use of a reciprodtorg For a detailed description see
OReci pFloeat é ng

The metering bin maintains a minimal reserve
of fuel, however its prime function is to

provide a positive head of fuel above the
variable pitch metering screw to assure a
relatively constant delivery rate per revolution.

The metering bin is fitted with avde

indicating device, most typically a Delavan
Sonac System. This is a sonar sensor unit that
has proven to offer the most trouble free

Figure3 Typical metering bin (dual screw) sensing and service to date. As the load on the
energy system is increased (i.e. steam pressure
or water temperatureahs) the demand for fuel correspondingly increases lowering
the fuel level in the bin. The Sonac initiates a signal to the main PLC that activates the
fuel storage unloading system, cross over conveyor and transfer conveyor. A delay
timer, allowing the éxtonveyor and feed conveyor to satisfy the demand and/or
empty themselves, is also provided with the system.

A metering screw located immediately below the metering bin is used to transport the
fuel, at a measured rate, to a rotary air lock devicallyyhie screw is either nine (9)
inches in diameter for 400 BHP and less, or twelve (12) inches in diameter for up to
600 BHP. Multiple screw units may be used for larger applications. Hurst utilizes
aggressive screw designs that have proven to bediicg and provide the most
trouble free transport of solid fuels. The screw is usually driven by a five (5) HP
variable hertz drive. The variable hertz drive allows for delivery of fuel based on
demand. The speed of the screw is determined by tba tbadunit as represented
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by the boilerds working st eaanthéhhealater p
pressure drops the metering screw speeds up and as the pressure increases the spe
reduces. While direct speed control of the screw ischbgpdhe variable hertz drive,

the drive itslif iscontrolled by &niversal Digital Controller (UDC), a microprocessor

based stand alone controller or the PLC, that not only controls the speed of the unit
but also the rate of speed increade iip 100% setting and its rate of descent. As the
boiler header pressure drops off, the UDC determines the rate of drop off and activates
the variable hertz drive accordinglya rapid drop off will cause the variable hertz

drive to go to its 100% 8eg quickly. Conversely, as the pressure approaches the
operator specified, boiler pressure set point, the UDC will gradually slow the drive
down to avoid over feeding and allow for a more controllable output. This is also
known as fully modulating fueétl, as opposed to the older technologies available that
offer only oroff operation. This HBC modulating control allows for feed control with
minimum adjustment and provides the operator the opportunity to alter the speed
based on changing conditions sasfiuel quality. A dryer fuel will meet the systems
needs with less poundage. For a more detailed description of the control parameters
seed System Control sé.

A HBC rotary air |l ock or fuel oplugd (
a adr barrieré, all owing fuel to pass
while limiting the intrusion of air through the fuel system. If applicable, an air lock is

provided and driven by a 3 or 5 HP, depending on application, constant speed motor.
The air lock motor, through a sprocket and chain connection, also drives the stoker

screw. These components may be el i min
technology.
Finally, wedve come to the stokéas. St

come in every form that man can contemplate. They may be in mechanically round,
flat, inclined, reciprocating, fluidized or rotating forms, stationary or moving, or even
pneumatic. All these designs have advantages and disadvantages, both economicall
and mechanically. After exhaustive research and experimentation, Gene Hurst decided
that HBC should endeavor to build only those stoker designs that offered the absolute
best of all worlds in economy, proven technology and adaptability.

The five stoker dgns that Hurst Boiler Co. manufactures, the HBC Stationary
Pinhole, the HBC Pneumatic, the HBC Underfeed and the HBC Automatic Biomass
and Coal Deashing, are economical, mechanically proven and adaptable for a wide
range of fuels. Each stoker systenyuldsas specific applications where their best
attributes are magnified to your greatest advantage.

The HBC Stationary Pinhole Stoker System is designed for manual feeding of solid
fuels. This system is typically applied to the smallest of boiler degighsaitions

where | abor costs are not a factor. Th
under fire air plenum, support steel €
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designed with an optimum cooling profile. Safeties are pavididccess doors to
protect the operator during the stoking process.

The HBC Pneumatic Stoker System is specifically designed for the combustion of dry
(<20% Moisture Content, wet basis) biomass fuels with very low silica content. This
type of stoker és developed a dedicated following over many years use. The
pneumatic stoker does have a few drawbacks in all its implementations. The fuel
distribution usually is inconsistent with heavy fuel particles settling on the nearest
grates, lighter particlestli@er out on the grate and the lightest particles never even
reaching the grates (instant particulate that must be collected later). The grates are lef
exposed to the extremely turbulent, heated atmosphere of the chamber and WILL
degrade prematurely. Hinalhe use of air to introduce the fuel to the combustion
zone negates the possibility of gasification and this excess air is extremely difficult to
control while maintaining the optimum emission characteristics. Despite these
drawbacks, the market densatizit HBC continue to offer this design as an option

The HBC Underfeed Stoker System has evolved from the Frederick underfeed coal
stoker developed in the early 1900's. This technology has been adapted to our solid
fuel/lbiomass fired systems. The unéerfgtoker has proven over the last 20 years to

be the most effective method of introducing low to medium silica/ash content fuels
into the gasification zone on the market.

The eight (8) or ten (10) inch diameter, based on application, constant speed stoke
screw supplies fuel to the rectangular bashiajtied retort located below furnace floor

level. The stoker screw tube, sch. 80 pipe, which encloses the screw is fitted with both
a temperature sensor, to initiated a water spray should the tempédattine tobe

rise above a preset amounta fire prevention mechanismand, in applications

where dry (low moisture content) fuel is anticipated, a water spray nozzle to condition
the fuel to the desired moisture content. It
been found that exmely dry fuel can advers
affect the operating conditions of the unit. 7
conditioning system is tied to a temperature
that opens or closes a solenoid in the spray
Spray quantity is controlled by manually adjus}
needle valve attachedl ffow meter in the ling
The stoker screw is designed to force fuel intg
retort. I n so doin

maintained within the stoker screw tube fur
preventing the intrusion of air through the f
system.

The retort is the trsition piece between the fe
system and the grates upon which pyrobysi
decomposition from heat- first occurs. Th€ Fiqure 4 Tvoical stoker retort
retort is encased in a rectangular wind box, located
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in the plenum region below gasification/floor level. The wind box is fitieslicle

type dampers along both of its longitudinal sides to allow plenum air to surround the
retort. The flanged edges of the retort are fitted with slotted cast iron grates that extend
above floor level. As the fuel is forced into the retortsteyl the lip/ledge formed

by the grates. The slots allow air to pass through the grates and it is at this point that
the gasification process begins. While in units of 400 BHP and less the retort is located
centrally in the combustion/gasification dbennin larger units the retort is positioned

closer to the supply end of the fuel system and employs pin hole grates located aheac
of the retort. The pinhole grates are supplied air from the common plenum air supply.
This air plenum has been compartnfizathand is equipped with sliglee dampers

to regulate the air pressure of the separate zones. More pressure where the fuel is
deepest and less where the ash burnout occurs.

The HBC Underfee
Stoker System builds a p
composed of ash from th
biomassnd silica (dirt) thal
has been introduced wit
the biomass fuel. The mo
common sources of silig
are the biomass harvesti
process and sometimes {
biomass material handlin &
This silica can make what| |
commonly  known  aj
0gl asso.

occur when the

temperature of the

Surrounding refracton Figure 5 Latest stationary stoker design

exceeds ~1,650F, the

silica becomes oO0stickyo6, then | iquid
nearest, porous and cooler surface. TF
does Ot damage refractory, d$licatoperators mage p |
damage the refractory. 0Glassingd occu
are not strictly regulated. HBC&6s Unde

The fiist way is by constantly monitoring the refractory temperature and implementing
fuel conditioning to slow the gasification/combustion process. Second, in high pressure
applications, HBC employs an extended water wall, from the main boiler water legs,
down the sides of the gasifier/combustion casing whenever the fuel will consistently be
under 20% Moisture Content. These water legs can eliminate as much as 65% of the
refractory from this area of the boiler, greatly reducing the potential for glass
productionOther advantages of using these water legs will be discussed later.

HBC can help prevent o0glassingo6 but tl
This must be done manually by the op
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frequency is dictated the ACTUAL quantity of silica introduced. The frequency can

be as often as every eight (8) hours or as seldom as once per week. This operation wil
cause a decrease in steam production during raking (this usually takes 30 minutes) an
the exposure of thegerator to the gasification and combustion process by way of the
over fire access doors. Raking is usually scheduled to coincide with shift or production
changes so as not to interfere with plant operations.

Hurst Boiler and Welding Co., Inc. has rgcertbduced the ultimate biomass stoker

available on the market today. HBCO s
product of the combination of over 100 years of experience in the operation of solid
fueled boil er syst e ms uriagrabilitiesl BECisnowables u r p

to offer the solution to just about any stoking requirement in the world with this
system. The advantages of this system over all other stoker designs are numerous. A o
|l i ke Mr. Gene Hurstds oObest of all wor

The HBCAutomatic Deashing Biomass Stoker is fed by the sarwestedereliable
and safe feed system as used by the HBC Underfeed Stoker, but here the similarities
end. This stoker incorporates a wide, continuous, sloped grate area consisting of

P

Fiaure 6 HBC's Automatic Deashina Biomass Stoker Svstem
hundreds of idividual grates. The spaces between these grates created by the shape of
grates provides thousands of air passages for the gasification air. This greatly reduce:
the resulting air velocities and <cre
gasificationreduce particulate creation and increase gas retention times thereby
reducing VOC emissions. Distinct urghate air zones providing air pressure control
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are also created by the stokerds conf
operational flekility.

The system is driven using a hydraulic pump. The pump actuates alternating rows of
grates to push forward with a frequency set by the operators. The ability to infinitely
adjust the speed of the stoker using timers allows the operator to hegtlale t

drying zone, the fuel pile height and the ash discharge rates. In concert with the PLC
controls this system gives the operator COMPLETE control of the gasification and
combustion process for a very wide variety of biomass quality and/or fuel types.

Then the system automatically deashes the grate to a dry screw or submerged conveyc
for removal to an ash bin.

We recently began to manufacture this stoker integrated witfirelirdamber dry

kilnsand rotary dryer€urrent systems in the fieldgafrom3-100 mmBTU output

using high moisture content biomass. The gasification, combustion, refractory lined gas
ducting and temperature control systems are designed, manufactured and installed by
Hurst Boiler Co.

Finally, HBCGO s A Stokernitastusually f&debw & rhliable gravi/o a |
bin feed system. This stoker incorporates a wide, continuous chain constructed of
hundreds of main drive links, stabilizers and common links that is supported from both
ends of the combustion chamber by main
sprockets. The HBC Automatic Deashing
Coal Stokerds chain prc
passages for the gasification air. This greatly
reduces the resulting air velocities and creates
an extremely oqui et o
gasification, reduce particulate ticreaand

increase gas retention times thereby reducing
VOC emissions. Multiple, distinct air zones
providing air pressure control are also created

by the stokerds <config
provide the ultimate in operational flexibility.

The system is #&gn using a variable
frequency drive. The ability to infinitely adjust
Fiaure 7 HBC's Stoker Drive with clutch the speed of the stoker allows the operator to
regulate the fudkying zone, the fuel pile height and the ash discharge rates. In concert
with the PLC controls this system gives treatpr COMPLETE control of the
gasification and combustion process for a very wide variety of bituminous coals.

Then the system automatically deashes the grate to a dry screw or submerged conveyc
for removal to an ash bin.
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We still wanted to make maiaece as eag
as possible. HBC has designed the st
system to actually extend outside of
gasification and combustion chamber. 7
extension allows the operator to implen
the same procedure as used for raking gral
access the chain and spetgkand servicy
them externally WITHOUT having to wait f
the entire system to cool down to go into
casing. Even if the chain should ceas
function, the design of the system allows
feed and steam production to continue \

Fiaure 8 Stoker Maintenance Access

interrupted autortia ash removal until the
required maintenance can be implemented.

10




HURST BOILER SERIES o MH 6 :I

GASIFICATION / COMBUSTION PROCESS

The Hurst combustion system has been specifically designed to gasify the biomass fue
in the lower portion of the furnace (gasificatiomegyith ignition of the generated

fuel gas occurring in the upper portion (combustion region), in close proximity to the
water walled hybrid boiler section located immediately above the furnace, to make
efficient use of the radiant heat component of gsiob. This equipment
arrangement is more efficient than using aathtnd ne gasi f i-ggas 6 ,pr
because a STAG unit is note designed to recover radiahhisgatocess has been

legally designated as clusgpled gasification by the I.RdB.previous tax credit
purposes.

The process begins with tf
entrance of the fuel into th
furnace area. Sdejel Fee
System for a detailed |
description of the fuel syste| |
and its components. THh
lower portion of the furnac
(gasification chamber) hwif
its grates has been desigf
to function with an
inventory/pile of fuel at al
times. The pile is required | Figure 9 Combustion chamber front view
not only provide the fuel to
meet demand but act as a cushion between the hot surface of the fuel and the grates.
Insufficient pile depth will damage the grates As the fuel is forced into the retort

it displaces existing fuel that spills over the cast iron grates, and onto the pinhole grates
---in units that have them through which under grate/gasification air is forced. The
decompositio of the fuel (pyrolysis), due to the heat at this point occurs.

The furnace is maintained at a negative preksore, Wat er Co l-uldntn  ( W.
W.C., by an Induced Draft (ID) fan that is controlled by a photohelic controller.
Maintaining the furnaca t bel ow atmospheric presst
potentially dangerous condition. The furr@aoel stoker zones in some cases)
temperature is also monitored. e thermocouple is inserted into the refractory

11
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wall of the chamber with its outputrgpito the PLC, that may actuate, the fuel
conditioning system, a high temperature alarm or shut the system down in the event a
high temperature set point has been reached. Normal operating temperature will be in
the 1000 °F to 1800 °F, depending on fuader grate air is supplied by a dedicated

fan that pressurizes the plenum from which the retort and pinhole grates are supplied.
The air supply is modulated by means of a variable frequency drive or an electric
actuator connected to the fan damper. athetor receives its control signal directly

from the PLC. As the actuator is mechanically connected to the damper through
linkage the volume delivered at the e:
installation. At installation the vagabéquency drive limits or the damper linkage is
adjusted to deliver sufficient air to maintain the desired pile height and maintain the
lower furnace region in a substoichiometric (insufficient air for complete combustion)
environment--between 25% ari% of the required air is normally supplied. Given

that the under grate air supply follows the-fuabth are controlled through the PLC

and act linearly- any changes in the nature of the fuel, higher/lower moisture
content, will necessitate adpestt of blower damper linkage or the variable frequency
drive limits. Pile height variance will be the first indication of an improper relationship
between fuel input and under grate air. Because of the lack of oxygen in the lower
portion of the furnacthe fuel is not totally combusted but rather a combustible fuel
gas is driven off as the fuel is reduced te-agsification.

After the gases leave the pile it encounters combustion air in the upper portion of the
furnace, the ignition zone. Ignit&inis introduced into the area through air nozzles
located on all four sides of the unit. A dedicated combustion air fan that is similarly
controlled through the PLC and the use of an actuator supplies this air. As the PLC
supplies the same, in valu, 20 milliamp signal to both the gasification and ignition
VFD&6s or air actuators the frequency
determined by the blower speed or linkage position and thus the relationship between
the two remains relatively dang throughout the entire operational spectrum. An
oxygen trim system is employed the com
through the PLC and is adjusted to maintain a desired level of excess air, normally 50%
or less.

The combustion proess from fuel to gasification to ignition to combustion is
now complete.

Although the combustion process has been completed, the products of combustion
move on. The water walled section of the boiler above the furnace area absorbs both
the radiant heatdm its close proximity to the ignition zone and convection heat from

the flue gases. After leaving the this area the flue gases pass through the convectior
generating section of the boiler where the major portion of the heat transfer takes
place. Biomasfuel by its very nature will carry small particles of fuel out of the
furnace before complete combustion can occur. The larger of these particles, referred
to as ocharé, tend t o i-mtpefirstguenaroumdof he r
thegas s . The boiler is fitted with a ho
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from the hopper by a venturi, powered by apmggsure blower, into a rejection line
which reintroduces the ochardé into th
comhustion. The gases exit the boiler at approximately 400°F to 500°F, they then pass
through an air preheaterpreheaters are installed on units anticipated to be operating
with moist fuel. It has been found that 1% of boiler efficiency can be @atized/f

50°F increase of the combustion air above ambient. The temperature drop of the flue
gases across the preheater is approximately 120°F with a similar combustion air
temperature increase. The flue gases are then directed throughyelaneltio

remove up to 90% of the particulate matter being carried along with the gases. The
ash falls as itds collected i Aypgare | o
lock from which it is removed viaimgction to assure complete combustionl of a

fuels, subject to state regulations, or deposited in a coHBealso supplies feed
water economizers, steam super heater
FGR (flue gas recirculation) systefrhe flue gases exit the mcyttlone pass

through the mducedDraft fan and ultimately outrth secondary emission controls
and/or the exhaustack.

Secondary pollution controls may be required depending on the types of fuels utilized,
BTU input of the system and state or federal regulation. slysstpared to
accommodate and integrate all types of secondary controls into ourTgysteths.

there a three types of secondary particulate control systems available. The first is the
wet scrubber.
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MU LTI CYCLONE
PARTICULATE COLLECTION

The typical Hurst 600 HP boiler will be equippedasithany as/o multi cyclones

- commonly called collectersin seriesSystems rated above 30 mmBTU input are
required by the Federal EPA to use Best Available Control Technology (BACT). To
meet thee requirements HBC is prepared to provide, as an option, a baghouse, dry
electrostatic precipitator, wet electrostatic precipitator and/or. SNCR

The principal of operation BfB C 6 s  <yclanesdsaderdical. Hot particle laden

flue gases enter theituand are directed down through the outer of two concentric
tubes. Access to the outer cast iron tube is through spinner vanes that impart a
centrifugal motion to the flue gases. The heavier entrained particles are forced to the
outside of the largeuter tube and fall to the bottom of the cyclone hopper. The
gases exit the larger tube through the smaller steel center tube.

The first of the series, the primary collector, will nhormally be fitted with 18 such
arrangements, with the larger tube béing dameter and the smaller, outlet/inner

pipe being 6" in diameter. Approximately 95% of the particulate matter is removed at
the primary collector. The ash/particulate drops to the bottom of the tapered hopper
and passes through a rotary air loekdompster, or either a drag chain conveyor for
removal, or to a fan driveringection line back into the combustion chamber. The
nor mal pressure drop across the <coll e
pressure drop across the collector is amimdicon of the +&nitds
dramatic changes from the norm indicate a clogged collector.

During periods when a high moisture content fuel is being-itbedmoisture may

cause the dropout to become sticky and adhere to the #idesdlectors should be
monitored more frequently. Extended periods of low stack temperature, during cold
start up and/or periods of low boiler pressure will also have a negative effect by
causing condensation to occur in the collector. Periodically barigiagrulvber

mallet, on the lower portion of the collector will reduce the possibility of the ash
adhering to the walls of the collector. In cases of consistently high moisture fuel a
vibrator may be installed. In very cold climates the collector neydied.

The secondary collector contains a larger number of smaller cast iron and steel tube
configurations. Approximately 95% of the remaining finer particulate matter is

14
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removed at the secondary collector. The drop out is similarly expelled tbtangh a
air lock, though fmjection is not an option at this point. Pressure drops similar to the
primary collector can be anticipated with dramatic changes indicating a blockage.

Hurst Boiler Co. also has experience in designing its systems tatadbgpdatest
pollution technologiesdqrubbers;ore separatorisag housesbsorbersSNCR, flue
gas recirculation, urea injectiglectrostatic precipitasofdry or we})that may be
required to meet more stringent environmental regulations @ndiffeations
around the world.

Secondary pollution controls may be required depending on the types of fuels utilized,
BTU input of the system and state or federal regulation, including the new Boiler
MACT rules that are expected to come into effect $tunst is prepared to
accommodate and integrate all types of secondary controls into our systems.

Typically, there a three types of secondary particulate control systemswékailable
extensive, successful application to solid fueled boiler .sy$tefirst is the wet
scrubberThe wet scrubber is fairly cheap to operate and has low capital costs. Wet
scrubbers have a higher pressure drop (requires a larger induced draft fan) and require -
waste water stream to reduce operational costs. The sedenctlectto static
precipitator which uses charged plates to trap particulate very efficiently. These systems
typically have the highest capital costs, lower pressure drops and do require additional
electricity to operate their transformer(s). Thehase is a bag house. There are

many different types bag houses and bdlgat can be used to remediate particulate

as well as some other regulated gaseoBsedo have a large pressure dross

them and are efficient. However, industrial expesienas us that these systems will,
eventually, suffer from internal fires. Sometimes the bags will burn and require
replacement but most often the o0cakeo
heat to cause structural damage. It is almost ayahamtnaking bag houses the last
choice when evaluating remediation technologies.
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SOOT BLOWERS

With all fuels, fly ash is generated when combusted. The fly ash, if allowed to
accumulate in the boiler fire tubes, will reduce the efficid¢heyheat transfer quality

of the tube and in the extreme case may totally clog the tube preventing the flue gases
from passing through. Soot blowers are used to periodically remove the ash from the
tubes. The soot bl ower s, stemgj arp lusecd® as
automatically (using timer actuated valves) inject a stream of compressed air into a
bank of tubes. Each bank is operated individually. It is recommended that the tubes
be oObl ownd at--3tmessaday.omhe #Fequence hi Dbl owi n
tubes is a function of the fuel. Fuel high in ash content may require a higher rate of
soot blowing. This process greatly reduces the frequency and may eliminate the need tc
remove the system from serthemushngar o0h
tubes.

Fiaue 10 Soot blowers
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