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Foreward

Today’s process and heating applications continue to
be powered by steam and hot water. The mainstay
technology for generating heating or process energy
isthe packaged firetube boiler. The packaged
firetube boiler has proven to be highly efficient and
cost effective in generating energy for process and
heating applications.

Conducting a thorough evaluation of boiler
equipment requires review of boiler type, feature and
benefit comparison, maintenance requirements and
fuel usage requirements. Of these evaluation criteria,
akey factor isfuel usage or boiler efficiency.

Boiler efficiency, in the simplest terms, represents
the difference between the energy input and energy
output. A typical boiler will
consume many times the initial
capital expense in fuel usage
annually. Consequently, a
difference of just a few
percentage points in boiler
efficiency between units can
translate into substantial
savings. Theéefficiency data used for
comparison between boilers must be based on
proven performance to produce an accurate
comparison of fuel usage. However, over the years,
efficiency has been represented in confusing terms or
in ways where the efficiency value did not accurately
represent proven fuel usage values. Sometimesthe
representation of “boiler efficiency” does not truly
represent the comparison of energy input and energy
output of the equipment.

This Efficiency Facts Booklet
is designhed to clearly define
boiler efficiency. It will also
give you the background in
efficiency needed to ask the
key questions when evaluating
efficiency data, and provide
you with the tools necessary
to accurately compare fuel
usage of boiler products,
specifically firetube type
boilers.

Remember, the initial cost of aboiler isthe lowest
portion of your boiler investment. Fuel costs and
maintenance costs represent the largest portion of
your boiler equipment investment. Not all
boilers are created equal. Some
basic design differences can reved variationsin
expected efficiency performance levels. Evaluating
these design differences can provide insight into
what efficiency vaue and resulting operating costs
you can expect.

However, every boiler operates under the same
fundamental thermodynamic principles. Therefore, a
maximum theoretical efficiency can be caculated for
agiven boiler design. The maximum value
represents the highest available efficiency of the unit.
If you are evaluating a boiler where the stated
efficiencies are higher than the theoretical efficiency
vaue, watch out! The efficiency value you are
utilizing may not truly represent the fuel usage of the
unit.

In the end efficiency comes down to value. The
value of the boiler. The value of the burner. The
vaue of the support provided throughout the life of
the equipment.

Cleaver-Brooks, we have built our reputation by
manufacturing the highest efficiency and highest
vaue productsin theindustry. We pride ourselvesin
providing you with the most comprehensive and
reliable service support through our “best in the
industry” representative network. When it comesto
efficiency, we believe in ticking to the facts.
Because the facts say there is a difference between
boilers and boiler companies. The value of buying a
higher efficiency CB boiler will pay dividends every
day, every year, throughout the life of the equipment.



Introduction

Why choose the
most efficient

boiler?

When you buy aboiler, you redly are putting adown
payment on the purchase of steam or hot water. The
payments to generate the power are ongoing over the
life of the equipment and are driven by fuel to steam
efficiency and maintenance costs. Even with
economical fuel costs, the selection of ahigh
efficiency boiler will result in substantial cost
savings. A boiler installation costing $75,000 can
easily consume over $400,000 in fuel every year it
operates. Selection of a boiler with
“designed-in”’ low
maintenance costs and high
efficiency can really provide
savings and maximize your
boiler investment.

Efficiency is only useful if it is
repeatable and sustainable
over the life of the equipment.
Choosing the most efficient boiler is more than just
choosing the vendor who iswilling to meet agiven
efficiency value. The burner
technology must be proven to
be capable of holding the
air/fuel ratio year in and year
out. Make sure the burner designincludesreliable
and repeatable features. How do you tell? Ask any
boiler technician who has worked on avariety of
boiler/burner designs. Burners with high
pressure drop design, quality
fan and damper design, and
simple linkage assemblies are
easy to tune and accurately
hold the air to fuel ratios. Burners
with blade or louver damper designs and complex
linkage assemblies tend to be harder to

set-up over the firing range of the boiler and tend not
to accurately hold the air to fuel ratio asthe boiler
operates.

Why choose the most efficient boiler? Because the
dividends paid back each year far outweigh any
initial cost savings of aless efficient design. What
is the most efficient boiler?
One that not only starts up
efficiently but continues to
operate efficiently year in and
year out.

Replace or
Repair.

The decision to purchase anew boiler istypicaly
driven by the needed replacement of an old boiler, an
expansion of an existing boiler room, or construction
of anew boiler room facility.

When considering the replacement of an old boiler,
review the following points to make sure you are
performing a comprehensive evaluation of your
Situation.

1. Maintenance Costs

Review your maintenance costs carefully. The old
unit is costing you money in various ways,
including emergency maintenance, downtime,
major maintenance requirements (past and
pending), difficult—to—find and expensive parts
requirements, operator time in keeping the unit
on-line, and overall vessal, burner, and refractory
problems. Many of these costs can be hidden
within your overall maintenance budget. You
are paying the price for
having outdated boiler room
equipment. But the costs need to be
investigated and totaled.

2. Bailer performance

New packaged firetube boilers have much higher
performance standards than older design units.
Turndown, excess air, automatic operation,
accurate-repeatable air/fuel ratio burner designs,
computer linked combustion contrals, low
emission technology, and high guaranteed
efficiency all are now available on premium
designed packaged firetube boilers. Theresult is
low operating costs and automatic power
generation for your facility. All cost saving
reasons to consider a new packaged firetube
boiler.

3. Fuel Usage

If your old unit is designed to fire low grade fuel
ail, or if you need to evauate propane or any
other different fuel capability, review the
conversion costs along with existing maintenance,
performance, and efficiency issuesto seeif the
timeisright to consider anew boiler purchase.
Many times an investment is
made in an old unit when the
costs associated with the
next major maintenance
requirement will justify a
new unit. Theresult iswasted money on the



old unit upgrade.

4. Efficiency

Your Cleaver-Brooks representative can help
check out the efficiency of your old boiler with a
smple stack analysis. The datawill giveyou a
general idea of the difference between the fuel
cost of the existing boiler and a new unit. Based
on the results of the stack evaluation, amore
comprehensive evaluation of your boiler room
requirements should be performed. Boiler size,
load characterigtics, turndown requirements, back-
up requirements, fuel type, control requirements,
and emission requirements, all should be
evauated. Theresult will be an accurate review of
the potential savingsin fuel, maintenance, and
boiler room efficiency that can mean sub-stantial
cost improvement for your facility.

Efficiency
Feature
Comparisons

All firetube boilers are the
same? Not true! The fact is
there are key feature
differences between firetube
boilers.

The efficiency of afiretube boiler isnot a mysterious
caculation. High efficiency is the
result of tangible design
considerations incorporated
into the boiler. Reviewing some basic
design differences from one boiler to another can
provide you with valuable insight on expected
efficiency performance. The following design issues
should be considered during your boiler evaluation.

1. Number of boiler passes.

The number of boiler passes simply represents the
number of times the hot combustion gas travels
across the boiler (heat exchanger). A boiler with
two passes provides two opportunities for the hot
gasses to exchange heat to the water in the boiler.
A 4-pass unit provides four opportunities for heat
transfer. Many comparisons have been made
regarding efficiency and number of boiler passes
but, the facts are clear and indisputable. The
stack temperature of a 4-
pass boiler will be lower
than the stack temperature
of a similar size 2- or 3-pass
boiler operating under
similar conditions.The 4-passwill

have higher efficiencies and lower fuel costs. This
isnot an opinion. It is basic heat exchanger
physics. The 4-pass design yields higher heat-
transfer coefficients.

Many times the lower pass unit will include
turbulators or will be tested at less than capacity
firing rates to prove lower stack temperatures.
Don't be fooled. Turbulators may help pass an
efficiency test but will cost you in maintenance
down theroad. In fact, you would not
need maintenance intensive,
boiler tube, add-on devices if
the boiler was designed for
proper flue gas velocities in
the first place. Each boiler pass should
be designed with a cross sectiond area providing
proper flue gas velocity and heat transfer. When it
comes to efficiency, the proof isindeed in the
passes and in correct heat transfer design.

. Burner / boiler compatibility

The term packaged boiler is sometimes used even
if aburner manufactured by one vendor is bolted
on to a boiler manufac-tured by a different vendor.
Isbolting a“Buy-out” burner on avessel redly a
packaged boiler? And more importantly, why
doesit matter? A true packaged
boiler/burner design
includes a burner and boiler
developed as a single unit,
accounting for furnace
geometry, radiant and
convection heat transfer
characteristics, and verified
burner performance in the
specific boiler package.
Development as a truly
packaged unit assures the
performance of the unit is
proven and verified during
development.

You can put an engine from one automobileinto a
different automobile. The car will probably run.

It will get you from point “A” to point “B.” But
how about performance? Will the car give fuel
efficiency and reliable performance for thelife of
the car? Would you take along trip where you had
to depend on such acar? And if you need service,
who will take accountability to repair and
guarantee the car?

A boiler provides the same
scenario. The buy-out burner
will fire the unit. But, will you
have capacity, efficiency,
turndown, excess air
performance and emission



performance too? And, who
will make sure the unit gives
you performance after the
initial start-up? Is there even
a single accountable
manufacturer to make the
unit perform in the first
place? Buy-out burner
packaging can result in
lower performance levels
and higher start-up and
maintenance requirements. It
also can cost you money every time you have a
problem and the local service people cannot get
factory support. You may think you
saved money with a buy-out
burner package. But did you
really?

. Repeatable air/ fuel control

The efficiency of the boiler depends on the ability
of the burner to provide the proper air to fuel
mixture throughout the firing rate, day in and day
out, without the need for complex set-up or
adjustments. Many burner designs can deliver the
required air-to-fuel mix with enough time
provided to adjust the burner or for asingle test
period. The problem is many of these
complex linkage designs
don’t hold air to fuel settings
over time. And, often, they are adjusted at
high excess air levels to account for the
inconsistency in the burner performance. The fact
isyou pay for the unit based on the actud ability
to operate efficiently. When it comes
to choosing the burner,
insist on a simple linkage
assembly and accessible
burner design for true
efficiency and real savings.

An additional burner feature to look for isthe fan
design. Squirrel cage type fans do not provide as
reliable air control asareverse curve fan will
provide. Aluminum cast fan design also provides
tight tolerances and maximum fan life.
Furthermore, register or blade type damper
assembliestend to have limited control of air at
low firing conditions and tend to be much less
repeatable than radial damper designs.
Control of combustion air is
critical to burner
performance. If the burner cannot
provide repeatable air control, again the typica
solution isto set the burner up at high excess air
levels, resulting in substantia dollars wasted

every timeyou firetheunit. The facts
are clear: Reverse fan and
radial damper design result
in high efficiency and
repeatable fuel savings, thus
performance paying
dividends throughout the life
of the boiler.

. Hesating surface

The heating surface in square feet per boiler
horsepower represents, in general terms, how hard
the vessel isworking. The standard heating
surface for afiretube boiler isfive square feet per
boiler horsepower. How do we know this?
Cleaver-Brooks set the standard and providesfive
square feet as a base design criteriafor our
firetube products. Proper heating surface means
longer boailer life and higher efficiency. Five
square feet isthe standard.

. Vessdl design

Pressure vessel designisregulated by strict

ASME code requirements. However, there are
many variationsin vessel design that will still
meet the ASME codes. Water
circulation, low stress
design and accessibility are
key criteria for proper
pressure vessel design. Specific
features to look for include a single tubesheet
design. Single tubesheet design
provides minimum
weldments for low tube
sheet stresses and
excellent water circulation. In
addition to the single tubesheet design, the
boiler should include proper
tube spacing, cross
sectional area sizing in each
pass for proper heat
transfer, low furnace
location, and proper inlet
and outlet location. Proper
circulation must be incorporated into the design
for highest boiler efficiency and longevity.
Fully accessible front and
rear tube sheets for ease of
inspection and low re-tubing
costs are also key design
criteria to look for. Youwill inspect
your boiler often, usudly every year. Single
tube sheet design assures
the longest lasting tube
sheet and longest tube life.




Accessible front and rear
heads assure the lowest
inspection and re-tubing
costs if they occur. Bothreaultin
the highest efficiency and lowest possible
maintenance costs for your boiler equipment.

Defining boiler
efficiency

Combustion Efficiency

Combustion efficiency isan indication of the burner’s
ability to burn fuel. The amount of unburned fuel and
excessair in the exhaust are used to assessaburner’s
combustion efficiency. Burnersresulting in low levels
of unburned fuel while operating at low excessair
levels are considered efficient. Well designed burners
firing gaseous and liquid fuels operate at excess air
levels of 15% and result in negligible unburned fuel.
By operating at only 15% excess air, less heat from
the combustion processis being used to heat excess
air, which increases the available heat for the load.
Combustion efficiency is not the same for all fuels
and, generally, gaseous and liquid fuels burn more
efficiently than solid fuels.

Thermal Efficiency

Thermdl efficiency isameasure of the effectiveness
of the heat exchanger of the boiler. It measuresthe
ability of the exchanger to transfer heat from the
combustion process to the water or steam in the
boiler. Because thermal efficiency issolely a
measurement of the effectiveness of the heat
exchanger of the boiler, it does not account for
radiation and convection losses due to the boiler’s
shell, water column, or other components. Since
thermal efficiency does not account for radiation and
convection losses, it is not atrueindication of the
boilers fuel usage and should not be used in
economic evaluations.

Boiler Efficiency

Theterm “boiler efficiency” is often substituted for
thermal efficiency or fuel-to-steam efficiency. When
the term “boiler efficiency” isused, it isimportant to
know which type of efficiency is being represented.
Why? Because thermal efficiency, which does not
account for radiation and convection losses, is not an
indication of the true boiler efficiency. Fuel-to-steam
efficiency, which does account for radiation and
convection losses, isatrueindication of overall
boiler efficiency. The term “boiler efficiency” should
be defined by the boiler manufacturer beforeit is
used in any economic evaluation.

Fuel-To-Steam Efficiency

Fuel-to-steam efficiency isameasure of the overall
efficiency of the bailer. It accounts for the
effectiveness of the heat exchanger aswell asthe
radiation and convection losses.

It is an indication of the true
boiler efficiency and should be
the efficiency used in
economic evaluations.

As prescribed by the ASME Power Test Code, PTC
4.1, the fuel-to-steam efficiency of aboiler can be
determined by two methods; the Input-Output
Method and the Heat L oss Method.

[nput-Output Method

The Input-Output efficiency measurement method
is based on theratio of the output-to-input of the
bailer. It is caculated by dividing the boiler output
(in BTUs) by the boiler input (in BTUs) and
multiplying by 100. The actual input and output of
the boiler are determined though instrumentation
and the datais used in calculations that result in
the fuel-to-steam efficiency.

Heat Loss Method

The Heat Balance efficiency measurement method
is based on accounting for all the heat losses of the
boiler. The actual measurement method consists of
subtracting from 100 percent the total percent
stack, radiation, and convection losses. The
resulting value is the boiler's fuel-to-steam
efficiency. The heat balance method accounts for
stack losses and radiation and convection losses.

Stack Losses: Stack temperature is ameasure
of the heat carried away by dry flue gases and the
moisture loss. It isagood indicator of boiler
efficiency. The stack temperature isthe
temperature of the combustion gases (dry and
water vapor) leaving the boiler and reflects the
energy that did not transfer from the fuel to the
steam or hot water. The lower the stack
temperature, the more effective the heat
exchanger design, and the higher the
fuel-to-steam efficiency.

Radiation and Convection Losses: All
boilers have radiation and convection losses. The
losses represent heat radiating from the boiler
(radiation losses) and heat lost due to air flowing
across the boiler (convection losses). Radiation
and convection losses, expressed in Btu/hr, are
essentially constant throughout the firing range of
aparticular boiler, but vary between different
boiler types, sizes, and operating pressures.



Components of
efficiency
(impact and
sensitivity)

Boiler efficiency, when calculated by the ASME heat

balance method, includes stack losses and radiation
and convection losses. But what factors have the
most effect or “sensitivity” on boiler efficiency? As

discussed earlier, the basic boiler design is the major

factor. However, there is room for
interpretation when
calculating efficiency. Indeedif

desired, you can make a boiler appear more efficient

than it realy isby using alittle creativity in the

efficiency calculation. The following are

the key factors to
understanding efficiency
calculations.

1. Flue gas temperature

(Stack temperature)
2.Fuel specification
3.Excess air

4. Ambient air temperature

5. Radiation and
convection losses.

1. Flue Gas Temperature

Flue gas temperature or “ stack temperature” isthe

temperature of the combustion gases as they exit
theboiler. The flue gas
temperature must be a
proven value for the
efficiency calculation to be
reflective of the true fuel

usage of the boiler. A potential way

to manipulate an efficiency vdueisto utilizea
lower-than-actual flue gastemperaturein the
calculation. When reviewing an
efficiency guarantee or
calculation, check the flue
gas temperature. Isitredigtic? Isit

near or less than the saturation temperature of the

fluidintheboiler? And can the
vendor of the equipment
refer you to an existing

jobsite where these levels of
flue gas temperatures exist?
Jobsite conditionswill vary and have an effect on
flue gas temperature. However, if the efficiency
vaueisaccurate, the flue gas temperatures should
be confirmable in existing applications. Don’t
be fooled by estimated stack

temperatures. Make sure
the stack temperature is
proven.

Figure 1 shows flue gas temperature vs theoretical
fuel-to-steam efficiency. Thistable represents the
maximum theoretical efficiency you can achieve
at agiven flue gas temperature. The table can be
used asfollows. If aboiler is represented to be
85% efficient firing natural gas, follow the 85%
on the left to the natural gas line and down to the
flue gas temperature. The result is approximately
270 deg.F. This shows the boiler would haveto
operate at a 270 deg. F. stack temperature to meet
the 85% efficiency, or the efficiency calculation
was based on an unredligtically low hydrogen
content fuel. If aboiler is represented to be 85%
efficient on natural gasat a350° F stack
temperature, check the fuel specification. A Boiler
cannot operate at 85% efficiency at 350° F stack
temperature when firing natural gas per Figure 1.

. Fuel specification

The fuel specification can
also have a dramatic effect
on efficiency. Inthe case of gaseous
fuels, the higher the hydrogen content, the more
water vapor isformed during combustion. This
water vapor uses energy asit changes phase in the
combustion process. Higher water vapor losses
when firing the fuel result in lower efficiency.
Thisis one reason why fuel ail fires at higher
efficiency levelsthan naturd ges. TO get an
accurate efficiency calcula-
tion, a fuel specification that
represents the jobsite fuel to
be fired must be used. When
reviewing an efficiency guarantee or calculation,
check the fuel specification. Isit representative of
thefuel youwill useintheboiler? The
representation of efficiency
using fuel with low hydrogen
content will not provide an
accurate evaluation of your
actual fuel usage.

Figure 2 shows the degree to which efficiency can
be affected by fuel specifica-tion. The graph
indicates the effect of the hydrogen-to-carbon
ratio on efficiency for five different gaseous fuels.
At identical operating conditions, efficiencies can
vary as much as 2.5-3.0%, based solely on the
hydrogen-to-carbon ratio of the fuel. When
evaluating boiler efficiency, knowing the actua
fuel specification isamust.



FUEL-TO-STEAM EFFICIENCY VS. FLUE GAS TEMPERATURE
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3. ExcessAir minimum excess air levels of 15% (3% as O2)*.

Excessair isthe extraair supplied to the burner
beyond the required air for complete combustion.
Excessair is supplied to the burner because a
boiler firing without sufficient air or “fud rich” is
operating in a potentially dangerous condition.
Therefore, excessair is supplied to the burner to
provide asafety factor above the actud air
required for combustion. However, excess air uses
energy from combustion, thus taking away
potential energy for transfer to water in the bailer.
Inthisway, excess air reduces boiler efficiency. A
quality burner design will dlow firing at

* O, represents percent oxygen in the flue gas. Excess air is measured by
sampling the O, in the flue gas. If 15% excess air exists, the oxygen
anayzer would measure the O, in the excess air and show a 3%
measurement.

Seasonal changes in
temperature and barometric
pressure can cause the
excess air in a boiler to
fluctuate 5% - 10%.
Furthermore, firing at low
excess air levels can result in
high CO and boiler sooting,
specifically if the burner has
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complex linkage and lacks
proper fan design. The fact is
even burners theoretically
capable of running at less
than 15% excess air levels
rarely are left at these
settings in actual practice. A
realistic excess air level for aboiler in operationis
15% if an appropriate safety factor isto be

maintai ned.

When reviewing an efficiency guarantee or calculation,
check the excess air levels. If 15% excessair isbeing
used to ca culate the efficiency, the burner should be of
avery high quality design with repestable damper and
linkage features. Without these features, your boiler
will not be operating at the low excess air values being

used for the calculation, at least not for long. If less
than 15% excess air is being used for the calculation
you are probably basing your fuel usage on ahigher
efficiency than will be achieved in your day to day
operation. You should ask the vendor to recalculate the
efficiency at redistic excessair values.

Figure 3 shows excess air concentration vs
efficiency. The chart can be used to review

the impact of variationsin excessair valueson
efficiency.

4. Ambient Temperature

Ambient temperature can have a dramatic effect
on boiler efficiency. A 40 degree variation in

ambient temperature can effect efficiency by 1%
or more. Mogt boiler rooms are relatively warm.



MODEL CB 4-PASS BOILER—RADIATION AND CONVECTION LOSSES

Firing Rate 100-350 BHp 400-800 BHp
(% of Load) Op. Pressure Op. Pressure Op. Pressure Op. Pressure
=10 PSIG =125 PSIG =10 PSIG =125 PSIG
25% 1.6% 1.9% 1.0% 1.2%
50% T% 1.0% 5% .6%
75% 5% 7% .3% 4%
100% 4% 5% 2% 3%
table 1 BaElOn L B et

Therefore, most efficiency calculations are based
on 80 deg. F ambient temperatures. When
reviewing an efficiency
guarantee or calculation,
check the ambient air
conditions utilized. If a
higher than 80° F value was
utilized, it is not consistent
with standard engineering
practice. And, if theboiler isgoing to be
outside, the actual efficiency will be lower dueto
lower ambient air temperatures regardless of the
boiler design. To determine your actual fuel
usage, ask for the efficiency to be calculated at
the lower ambient conditions. Or, use Figure 4 to
estimate the effect the lower ambient air levels
will have on the boiler efficiency.

. Radiation and Convection |osses

Radiation and convection losses represent the
heat |osses radiating from the boiler vessel.
Bailers are insulated to minimize these losses.
However, every boiler hasradiation and
convectionlosses. Some  times
efficiency is represented
without any radiation and
convection losses. This is
not a true reflection of fuel
usage of the boiler. Theboiler
design aso can have an effect on radiation and
convection losses. For example, a
waterback design boiler
tends to have much higher
rear skin temperatures than
a dryback design. Thisiseasy to
prove. Just go to the back of aquaity dryback
boiler and touch the rear door. Cool rear
temperatures are the result of low radiation and
convection lossesin the rear of the boiler.
Boilers operating with high rear temperatures are
wasting energy every timethe unit isfired.

Radiation and convection losses also are a
function of air velocity acrossthe boiler. A

typical boiler room does not have high wind
velocities. Boilers operating outside, however,
will have higher radiation and convection losses.

Table 1 shows expected radiation and convection
losses for 4-pass firetube boilers designed and
insulated for

high efficiency.

Summary

Selection of aboiler with “designed-in” low
maintenance costs and high efficiency can really
pay off by providing ongoing savings and
maximizing your boiler investment. Remember, first
cost isarelatively small portion of your boiler
investment.

High boiler efficiency is the
result of specific design
criteria, including:

- Number of boiler passes

- Burner / boiler
compatibility

- Repeatable air/fuel
control

- Heating surface

- Pressure vessel design

Boiler efficiency calculations
that are accurate and
representative of actual
boiler fuel usage require the
use of proven and verified
data, including:

- Proven stack temperature
- Accurate fuel specification

- Actual operating excess air
levels

- Proper ambient air
temperature

- Proper radiation &



Boiler Efficiency Examples

Thefollowing pages are designed to provide the tools you need to cal culate and compare
boiler fuel costs.

The tables and figures can be used in two ways.
A. You can determine the efficiency of afiretube boiler based on known stack temperature.
B. You can compare fuel costs of firetube boilers operating at different efficiencies.

Efficiency based on stack temperature
Procedure
1. Determine the stack temperature of the boiler. Make sure the stack temperature is accurate and proven!

2. Determine the CO, level of the boiler. (If excess air as O, isavailable, O, can be converted to CO, using
figure5.)

. Determine the ambient air temperature in the boiler room.
. Subtract the ambient air temperature from the stack temperature to determine the net temperature and CO,.
. Usethe “Hays charts’ (tables 2, 3, 4) to determine the stack loss based on the net temperature.

. Add the “ Radiation and Convection” losses from table 1. (Note: the radiation and convection lossesin the
chart are based on model CB 4-pass firetube boilers. The radiation and convection losses from competitive
equipment may be higher).

o 01 A W

7. Subtract the stack losses and radiation and convection losses from 100 to get the
Fuel-to-Steam efficiency.

EXAMPLE
Assume 15 Ib. design, 100 HP CB Bailer, fired on gas at 100% of Rating.
Stack temperature is 320° F. and room temperature is 80° F.
(320 - 80 =240)
You measure CO, of 10% with no CO.

From Hays chart, at 240° and 10% CO,, you get stack loss of 15.2% going up the stack.
(Seetable 2)

Add .4% for “ Radiation and Convection Losses’. (For a CB Boiler, seetable 1)
15.2% plus .4% = 15.6%
100 - 15.6 = 84.4% Fuel-to-Steam Efficiency.
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Fuel cost comparison of boilers with different efficiencies
Procedure

1. Determine the Fuel-to-Steam efficiencies of the units. CB efficiencies are shown intables 5, 6, and 7. (If
you do not know the efficiency of existing equipment or competitive equipment, it can be calculated per
prior procedure based on stack temperature).

. Select the fuel burning rates based on the efficiency from tables 8 and 9.
. Determine the annual fuel usage based on the annual operating hours.

. Determine the cost of the fuel used.

. Compare the units to determine the annua savings.

a b~ W DN

EXAMPLE

You are eval uating three quotations, each covering a400 BHp, 150 Ib. design steam boiler to burn No. 2
oil or natural gas and operate at 125 PSIG. After evauating freight, extras, etc., you estimate cost of
$70,000.00 for CB, $64,000.00 for Alternate #1, and $60,000.00 for Alternate #2.

The literature for both Alternatives guarantee 79% efficiency.
The CB FTSE guarantee would be 85.5% at 100% of Rating. (See tables 8 and 9)

400 BHp Output = 13,390,000 BTU/HT.
No. 2 Ol = 140,000 BTU/GAl.
= $0.40/Gal.
Input, BTU/HT. = @7% @85.5%
16,950,000 15,660,819
Input, Gals. Oil/Hr. = 1210 1118

Assuming 4000 Hours of Operation/Year at full Output—
121.0 x 4000 x $0.40 = $193,600.00/yr. @ 79%
111.8 x 4000 x $0.40 = 172,220.00/yr.

14,720.00/yr. Savings with CB

Amortization if Amortization if Amortization if
4000 Hrs./yr 3000 Hrs./yr.2000 Hrs./yr.

Extra Cost for CB Operation Operation Operation
vs. Alternate #1 = $6000.00 .4 Years .5 Years
.8 Years
vs. Alternate #2 = $10,000.00 .6 Years .9 Years

1.3 Years

CONCLUSION: First Cost can be deceiving!
Buy the Most Efficient Boiler!
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Efficiency vs. Fuel Costs

If you select aboiler because of alower first cost —and thisunitis LESS EFFICIENT
than the higher price boiler
—YOU WILL PAY the difference many times over — during the life of that boiler!

NOTE: The percent increasein fuel costsis greater than the nominal percent decrease
in fuel-to-steam efficiency!

eg. A 3%dropin efficiency increases fuel costs 3.8% (85% vs 82%)
eg. A 5% dropin efficiency increases fuel costs 6.3% (85% vs 80%)
eg. A 7.5%dropin efficiency increases fuel costs 9.7% (85% vs 77.5%)
eg. A 10%drop in efficiency increases fuel costs 13.5% (85% vs 75%)

Howv is this proven?
A 200 Hp Unit has an output of 6,700,000 BTU/HT.

Assume No. 6 oil @ 150,000 BTU/GA.

Boiler “X” Boiler “CB”
Fuel-to-Steam Efficiency = 80% 85%
Output + Effic. = Input = 8,375,000 BTU/Hr. 7,882,000 BTU/HT.
Input — gal/Hr. = 55.8 52.5
55.8/52.5 =  6.3%Increasein fuel usage

=  6.3%Increasein fuel costs
due to 5% decrease in fuel-to-steam efficiency.

12




CIeaveﬁ?V‘%%BrOOKSQ

ENERGY CONSERVATION “PAYS - OFF”
OPERATING FUEL COST COMPARISON: Job Name:
Location:
Date:
BOILER INFORMATION:
(1) Size: BHp; Op. Pressure PSIG; Fuel: No. Oil
Gas
(2) Operating Hourg/Year: Hours at % of Rating
(3) Fud Cost: Qil ¢/Gal; Gas ¢/Therm
FUEL-TO-STEAM EFFICIENCY: No. 2 Qil No. 6 Oil Gas
(4) Cleaver-Brooks, Guaranteed % % %
(5) Other Mfgr. (Estimated) (Guaranteed % % %
(6) Savings (Nominal) % % %
COMPARISON: No. 2 Oil No. 6 Qil
(7) Other Boiler GPH GPH Thermg/Hr.
(8) Cleaver-Brooks GPH GPH Thermg/Hr.
(9) Savings GPH GPH Thermg/Hr.
ANNUAL FUEL SAVINGS WITH CLEAVER-BROOKS:
A) Oil Fud:
GPH x Hrs/Yr. = Gal./Yr. = Saved!
Ga./Yr.x$ /Gd.=$ /Yr. = Saved!
B) Gas Fudl:
Thermg/Hr. x Hrs/Yr. = Therms/Yr. = Saved!
Thermg/Yr.x $ [Them=$ /Yr. = Saved!
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GT

STACK LOSS - % - NATURAL GAS

%
CO2

DIFFERENCE BETWEEN FLUE GAS AND ROOM TEMPERATURES IN DEGREES FAHRENHEIT

200

220

240

260

280

300

320

340 [ 360 | 380 | 400 |420 | 440 |460 |480 |[500 |520 |[540 |560 | 580 | 600 |620 | 640 | 660 | 680

700

750

800

850

900

950

1000

3.0

23.1

24.4

25.9

27.2

28.6

30.0

31.3

32.8 |34.1 358|369 [382|39.8 410 |42.2 |43.8 | 45.0 |46.3 |47.8 | 49.0 | 50.0

35

212

22.5

238

24.9

26.1

271.2

28.4

296 309 |32.0 332 | 344 | 358 [36.8 [37.9 [39.2 | 40.3 |41.6 | 428 | 438 | 450 | 46.2 | 47.7 | 48.3 | 49.8

4.0

19.9

20.9

22.0

23.1

24.1

25.1

26.2

272 | 283|294 |304 | 318 | 325 [33.8 |34.8 | 358 | 36.8 |37.8 [38.8 | 39.9 | 40.9 | 42.1 | 43.0 [44.1 | 452

46.2

48.8

4.5

18.9

19.9

20.9

218

22.7

23.6

245

255 | 264 | 273 | 283 [ 29.2 [30.2 [31.2 |32.2 [33.0 |34.0 |349 |359 |36.8 |37.8 |38.6 |39.8 | 404 | 415

42.6

44.8

47.2

49.8

5.0

18.0

18.9

19.8

20.6

214

22.2

23.1

240 | 249 | 258 | 26.8 | 275 [ 28.3 [29.1 |30.1 [30.9 |31.8 |325 |33.6 | 343|357 |36.2 369 |37.8 |38.8

39.7

41.8

43.8

46.0

48.2

55

17.4

18.1

18.9

19.8

20.5

21.2

22.1

229 | 238 | 245|252 | 262 | 269 [27.8 | 285 |29.2 [30.0 |30.8 [31.8 | 32.3 [33.2 | 341 [ 349 | 358 | 36.3

37.3

39.2

41.0

43.0

453

472

49.0

6.0

16.8

17.4

18.2

18.9

19.6

20.4

21.1

21.8 | 22.7 | 233 |24.1 | 249 | 255 |26.2 |27.0 |27.8 [ 28.4 |29.2 | 30.0 [ 30.8 | 315 | 32.2 | 329 | 33.8 | 34.3

35.2

36.8

38.8

404

42.5

443

46.2

6.5

16.3

16.9

17.6

18.4

19.0

19.8

20.4

211 [ 218 | 224 |23.2 | 238 | 245 [25.2 | 259 | 265 |27.2 | 279 [28.7 | 29.2 | 30.0 | 30.9 | 314 [32.1 | 328

335

34.6

36.8

384

40.3

42.0

43.8

7.0

15.8

16.5

17.1

17.8

18.4

19.1

19.8

204 [ 21.0 | 21.8 | 22.3 | 229 | 236 [24.2 |24.9 | 255 | 26.2 | 268 |27.4 | 28.0 | 28.8 | 29.4 | 30.0 [ 30.8 | 31.2

32.0

33.8

353

36.8

38.3

40.0

418

7.5

15.5

16.1

16.7

17.2

17.9

185

19.1

19.8 | 203 | 20.9 | 21.5 [ 22.2 | 22.8 |23.3 |24.0 [24.6 | 25.2 | 258 |26.4 | 26.9 | 27.7 | 28.2 | 28.8 | 29.4 | 30.1

30.8

322

33.8

35.2

36.8

38.3

39.9

8.0

15.2

15.7

16.3

16.9

174

18.0

18.6

19.2 [ 19.8 | 20.3 | 20.9 [ 21.5 | 22.1 |22.8 |23.2 |23.8 | 244 |25.0 | 255 | 26.0 | 26.7 | 27.2 | 27.8 | 28.4 | 29.0

29.5

31.0

324

33.8

354

36.8

38.2

8.5

14.9

15.4

15.9

16.5

17.1

17.6

18.2

18.7 [19.3 | 19.8 | 20.4 [ 20.9 | 214 |22.0 [ 225 |23.1 | 23.7 |242 | 248 | 253 | 25.8 | 26.4 | 26.9 | 27.4 | 28.1

28.6

29.9

31.3

32.8

34.2

354

36.8

9.0

14.6

15.2

15.7

16.2

16.6

17.2

17.8

18.3 [18.8 | 19.3 |19.9 | 20.4 | 20.9 214 | 219 | 225 | 23.0 [235 |24.1 | 245 | 252 | 258 | 26.2 | 26.7 | 27.2

21.8

29.0

30.3

31.8

33.0

34.3

35.7

9.5

14.4

14.9

15.4

15.9

16.4

16.9

174

179 | 1841189195 [19.9 | 205 |20.9 | 214 | 219 | 224 |229 | 234 | 238 | 244 | 24.9 | 254 | 259 | 26.4

26.9

28.2

294

30.8

32.0

333

34.5

10

14.2

14.6

15.2

15.6

16.1

16.6

17.1

175 | 181|185 [19.0 | 195 | 20.0 | 204 |20.8 |21.4 | 21.8 | 224 |22.8 | 23.3 | 23.8 | 24.2 | 24.8 | 25.2 | 25.8

26.2

274

28.6

29.8

312

32.2

33.4

11

14.4

14.7

15.2

15.6

16.1

16.5

169 | 174|178 |18.4 [18.8 | 19.3 [19.6 |20.2 |20.5 | 209 |21.4 |21.9 | 223 | 22.8 | 23.2 | 23.7 | 24.2 | 24.6

25.0

26.2

27.2

28.3

29.5

30.8

318

12

14.4

14.8

15.2

15.6

16.1

165 | 169 | 17.3 | 17.8 [ 18.2 | 18.6 [19.0 | 194 [19.8 | 20.2 |20.6 |21.1 | 21.4 | 219 |22.3 | 22.8 | 23.2 | 23.6

24.0

25.1

26.1

27.2

28.3

29.2

30.3

table 2

STACK LOSS - % - NO. 2 OIL

%
CO2

DIFFERENCE BETWEEN FLUE GAS AND ROOM TEMPERATURES IN DEGREES FAHRENHEIT

200

220

240

260

280

300

320

340 | 360 | 380 | 400 |420 | 440 |460 |[480 |500 |520 |[540 |560 |580 |600 |620 | 640 | 660 | 680

700

750

800

850

900

950

1000

3.0

24.1

25.8

21.7

29.3

313

33.9

34.8

364 | 38.2 | 40.0 | 42.9 | 44.8 | 45.5 | 47.0 |49.0 [50.8 | 52.4 |54.3 |56.0 | 57.9 | 59.6 | 61.5 | 63.5 | 65.0 | 66.8

68.8

35

21.7

23.1

24.8

26.2

27.8

29.2

317

325 | 339|353 369 [ 385|400 [41.7 |43.1 |44.8 [46.1 |47.8 [49.4 | 509 |52.2 | 53.9 | 55.7 | 57.0 | 58.3

60.0

63.8

67.8

4.0

19.9

21.2

22.5

24.9

25.2

26.5

27.9

29.2 | 31.7 1320|333 | 358 | 36.0 [37.3 |38.7 |40.0 [41.4 |42.9 |44.1 | 455 | 46.9 |48.1 | 49.8 | 50.9 | 52.1

53.8

57.0

60.2

63.9

67.1

45

18.4

19.7

20.8

22.0

23.2

244

25.6

269 [ 28.0 293|304 318|329 [342 |356 |36.7 |37.8 |39.0 [40.1 | 412 | 425 | 438 | 45.0 [ 463 | 474

48.8

51.8

54.6

57.8

60.9

63.9

66.9

5.0

17.2

18.5

19.5

20.7

217

22.7

23.8

249 1260|271 |28.2 | 29.4 | 30.3 [31.5 [32.7 |33.8 | 349 |359 [36.8 |38.0 |39.2 |40.1 | 41.7 | 424 | 437

44.7

474

50.1

52.9

55.8

58.3

61.2

5.5

16.3

17.4

18.4

194

204

213

22.3

233 | 243 | 254 | 263 | 27.3 | 28.4 |29.4 |30.6 [31.4 | 324 |33.6 | 345 353|364 |374 | 384 |39.6 | 40.3

41.7

44.0

46.5

49.0

51.8

54.1

56.5

6.0

15.6

16.5

17.4

18.3

19.3

204

212

22.0 | 23.0 [ 239 | 249 | 258 | 26.8 |27.7 | 28.6 [29.5 | 304 |31.4 |323 |33.1 | 342 |35.0 |36.0 [ 36.9 | 379

38.9

41.0

435

45.8

48.0

50.3

52.8

6.5

14.9

15.7

16.7

175

18.4

19.3

20.1

209 | 218|227 |23.6 | 245 | 253 |26.1 |27.0 |27.8 [28.8 |29.6 |30.6 | 31.3 | 32.3 | 33.0 | 34.1 | 34.8 | 35.7

36.5

38.7

40.8

42.9

45.1

475

49.7

7.0

14.4

15.3

16.0

16.8

17.8

18.4

19.3

20.1 1209 | 217 | 224 | 232 | 241 | 249 |25.7 |265 [27.3 |28.1 [28.9 | 29.8 |30.5 | 314 | 323 | 33.0 | 33.8

34.6

36.5

38.6

40.5

427

44.7

46.6

75

13.9

14.6

15.4

16.2

16.9

17.7

18.5

19.2 | 2011 20.7 | 21.3 | 222 | 23.0 | 238 | 245 | 252 | 26.0 |26.8 | 27.5 | 28.2 | 29.0 | 29.8 | 30.6 | 31.3 | 32.2

32.9

34.8

36.5

385

40.3

42.3

442

8.0

135

14.3

14.9

15.7

16.3

17.1

177

18.5 | 19.3 | 20.0 [ 20.7 | 21.4 | 22.1 | 228 | 235 | 242 | 25.0 |25.7 | 26.3 | 27.0 | 27.8 | 28.5 | 29.2 | 30.0 | 30.8

315

332

35.0

36.8

38.5

40.2

42.1

8.5

13.2

13.8

14.5

15.2

15.8

16.5

173

17.8 | 18.6 | 19.3 [ 20.0 [ 20.6 | 21.3 |21.9 [22.6 |23.3 | 239 [24.6 | 253 | 259 |26.7 | 27.3 | 28.0 | 28.8 | 29.4

30.1

31.8

335

35.2

36.9

38.7

40.2

9.0

12.8

13.4

14.1

147

154

16.0

16.7

173 | 179 | 186 | 19.3 [ 20.0 | 20.6 |21.2 |21.8 |22.4 | 23.1 |23.8 |24.4 | 25.0 | 25.7 | 26.3 | 27.0 | 27.7 | 28.3

28.9

30.5

321

33.8

353

37.0

38.5

9.5

12.5

13.2

13.7

14.3

14.9

15.7

16.3

16.8 [ 174 [ 18.1 |18.6 [ 19.3 | 19.9 [20.5 [21.1 |21.7 | 224 [229 | 235 | 24.1 | 24.8 | 254 | 26.0 | 26.7 | 27.2

27.9

29.4

31.0

325

34.0

355

37.2

10

12.3

12.8

13.4

14.0

14.6

15.2

15.7

16.3 [16.9 | 175181 [ 18.7 | 19.3 [20.0 | 20.5 |21.0 | 21.6 [22.2 | 228 | 23.4 | 24.0 | 246 | 25.1 | 25.8 | 26.3

27.0

28.3

29.9

314

32.9

344

35.7

11

11.8

12.4

12.8

13.4

13.9

14.5

15.0

155 | 162 | 16.7 |17.2 | 17.8 | 18.3 |18.7 |19.4 |20.0 | 20.5 | 20.9 | 21.5 | 22.0 | 22.6 | 23.1 | 23.7 | 242 | 24.8

25.3

26.7

28.0

29.4

31.8

321

335

12

11.4

11.8

12.5

12.9

13.4

13.9

144

149 | 1541159 (164 |169 | 174 |179 | 184 |18.9 |19.5 |20.0 | 20.5 | 20.9 | 21.4 | 22.9 | 22.4 | 229 | 235

24.0

252

26.5

271.8

29.0

30.2

317

13

11.2

11.6

12.1

12.5

12.9

134

13.9

143 | 147 | 153|158 [16.3 |16.7 [17.2 |17.7 |18.1 | 18.6 [19.1 |19.6 | 20.1 | 205 [ 21.1 | 21.3 | 21.8 | 22.3

22.8

24.0

25.2

26.3

275

28.8

30.0

14

11.3

11.8

12.2

12.6

13.0

134

138 | 143 | 148 | 153 | 156 | 16.2 |16.5 [169 |17.4 |17.8 [18.3 |[18.7 | 19.2 | 19.7 | 20.2 | 20.6 | 21.0 | 21.4

21.8

229

24.1

25.2

26.2

274

28.6

15

114

11.7

12.4

12.6

13.1

135 | 13.8 | 143 | 148 | 153 | 156 | 159 |16.4 |16.7 | 173 |17.7 |18.1 | 18.4 | 18.9 | 19.4 | 19.8 | 20.3 | 20.6

21.0

22.0

23.1

24.2

25.2

26.2

27.3

table 3
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STACK LOSS - % - NO. 6 OIL

%
CO2

DIFFERENCE BETWEEN FLUE GAS AND ROOM TEMPERATURES IN DEGREES FAHRENHEIT

200

220

240

260

280

300

320

340 | 360 | 380 | 400 |420 | 440 |460 |480 |500 |[520 |540 | 560 [580 |600 |620 |640 | 660 | 680

700

750

800

850

900

950

1000

3.0

24.5

26.5

28.5

30.2

32.2

345

36.5

382 | 404 | 42.2 | 444 | 464 | 48.2 |50.0 |52.3 |54.3 | 56.3 |58.2 | 60.3 | 62.0 | 64.1 |66.2 | 68.1 | 70.1

35

21.8

234

25.2

26.8

28.6

30.4

32.1

338 | 355|374 |39.0 | 40.6 | 42.2 | 44.0 | 456 | 475 |49.2 |51.0 | 494 | 509 |52.2 | 539 | 55.7 | 57.0 | 58.3

60.0

63.8

67.8

4.0

19.8

212

22.8

24.2

25.7

27.3

28.8

30.2 | 31.6 [ 325 | 34.8 | 36.3 [ 37.8 |39.4 |40.8 [42.2 | 43.8 |45.1 |46.9 |48.2 |49.8 |51.2 | 52.9 | 54.2 | 56.0

57.8

61.1

65.0

68.9

4.5

18.2

19.4

20.8

22.2

235

24.8

26.2

274 1288304 315 330|342 354 |370 |38.1 [39.4 |41.0 |42.2 [ 435 |45.0 | 46.3 [ 47.9 | 49.0 | 50.1

51.9

55.0

58.2

61.8

65.1

68.5

5.0

16.8

18.0

19.3

20.4

217

22.8

23.2

253 [26.6 | 27.8 | 29.0 | 30.3 | 314 |32.6 |33.8 |353 [36.2 |[37.5 | 38.8 [ 39.8 | 41.0 | 423 | 43.8 | 44.9 | 46.1

475

50.1

53.6

56.3

59.8

62.3

65.8

55

15.8

16.8

18.0

19.2

20.3

21.3

225

235 | 246 | 25.8 | 26.9 | 28.0 | 29.2 |30.2 [ 314 |325 | 335 [34.7 | 358 |37.0 | 379 |39.2 | 40.1 | 41.3 | 42.3

43.8

46.1

49.1

52.0

54.7

57.8

60.1

6.0

14.8

15.8

16.9

18.0

19.0

20.0

211

220 | 231|242 | 252 | 263 | 27.3 |28.2 |29.3 |30.3 |31.3 | 323 | 335 | 343 | 353 | 36,5 | 375 | 38.3 | 39.7

40.5

43.0

45.8

48.2

50.9

53.5

56.0

6.5

14.3

15.2

16.1

17.1

18.0

18.9

19.9

208 | 21.8 | 22.8 | 23.7 | 246 | 255 | 265 | 275 | 285 | 294 |304 | 314 | 323 | 334 | 343 | 351 |36.1 |37.1

38.0

40.2

42.8

45.1

47.6

49.9

52.1

7.0

135

144

15.3

16.2

17.1

17.9

18.8

19.7 | 20.6 | 21.5 | 22.4 [ 23.3 | 24.2 | 25.0 |25.8 [26.8 | 27.7 |28.6 [ 29.0 | 30.2 | 31.2 | 32.2 | 33.0 | 33.9 | 349

35.8

379

40.1

42.1

44.4

46.8

49.0

7.5

13.0

13.8

14.6

15.5

16.3

17.3

18.0

18.8 | 19.7 | 20.5 | 21.4 | 22.2 | 229 |23.7 | 246 |254 | 263 [27.2 | 279 | 28.8 | 29.6 | 30.5 | 31.2 | 32.1 | 33.0

34.9

35.9

37.9

40.0

42.0

44.1

46.1

8.0

12.5

13.3

14.1

14.8

15.7

16.4

17.3

18.0 | 188 | 19.6 | 20.4 | 21.2 | 219 |22.7 | 235 |24.2 | 250 [25.8 | 26.6 | 274 | 28.2 | 29.0 | 29.9 | 30.6 | 315

32.1

34.1

36.0

38.0

40.0

419

43.9

8.5

12.2

12.8

13.6

14.4

15.1

15.7

16.6

17.3 |1 18.0 | 18.7 |19.6 | 20.3 | 21.0 | 21.6 | 225 |23.3 | 23.9 |24.7 | 255 | 26.2 | 26.8 | 27.6 | 28.2 | 29.1 | 29.9

30.8

32.6

34.2

36.2

38.0

39.9

418

9.0

117

124

13.2

13.8

14.6

15.3

15.9

16.6 | 174 | 18.1 |18.8 | 195 | 20.2 | 20.8 |21.6 | 223 | 22.9 |23.7 | 244 | 25.0 | 25.7 | 265 | 27.1 | 27.9 | 28.7

29.4

311

32.9

34.6

36.3

38.0

39.9

9.5

114

12.1

12.7

13.4

14.1

14.7

15.4

16.0 | 16.7 | 175|181 [18.7 | 194 | 20.0 |20.7 [21.4 | 22.1 |22.8 [ 235 | 24.0 | 24.7 | 254 | 26.1 | 26.8 | 27.5

28.1

29.8

31.2

332

34.9

364

38.1

10

112

11.7

12.3

13.0

13.7

14.4

14.8

155 [ 16.2 | 16.8 | 17.5 [ 18.2 | 18.7 | 194 |20.0 [20.6 | 21.3 |21.9 [22.6 | 23.2 | 23.8 [ 245 | 251 | 25.8 | 26.4

27.0

28.7

30.1

318

335

35.0

36.7

11

10.6

11.3

11.8

12.4

12.9

135

14.2

147 | 153 | 158 | 16,5 [17.0 | 176 |18.2 | 188 |194 | 20.0 [20.6 | 212 | 21.7 | 223 | 229 | 23.5 | 24.1 | 248

25.2

26.8

28.1

29.8

31.2

325

34.1

12

10.2

10.7

11.3

11.7

12.3

12.8

13.4

13.8 | 145|151 |156 |16.2 | 16.7 |17.2 |17.8 |18.3 | 18.8 |19.4 | 19.9 | 204 | 21.0 | 21.6 | 22.1 | 22.7 | 23.1

23.8

25.0

26.4

27.9

29.1

30.5

319

13

10.3

10.8

11.3

11.8

12.3

12.8

13.3 | 138 | 144|148 | 154 | 158 | 163 |168 |17.3 | 179 |18.4 |18.9 | 19.3 | 19.8 | 204 | 20.9 | 214 | 21.9

224

23.8

24.9

26.2

215

28.9

30.0

14

9.8

10.4

10.8

114

11.8

12.3

12.8 | 133 | 13.7 | 143 | 147 | 152 | 156 |16.2 |16.6 |17.1 |175 | 18.0 | 185 | 18.8 | 194 | 19.9 | 20.4 | 20.9

212

22.5

23.7

249

26.1

212

28.5

15

10.2

10.6

11.0

114

11.8

12.4 1127|1133 | 137 | 142 | 146 | 150 | 154 | 158 | 164 |16.8 | 173 | 17.7 | 18.2 | 18.6 | 19.0 | 19.5 | 19.9

20.3

215

22.6

23.8

249

25.9

27.1

16

10.3

10.7

11.1

115

118 | 123 | 12.8 | 133 [ 13.7 | 140 | 144 | 148 [153 | 15.7 |16.2 | 16.6 | 169 | 17.4 | 179 | 18.2 | 18.8 | 19.1

19.5

20.6

21.6

22.7

23.8

24.8

25.9

table 4




NATURAL GAS FUEL BURNING RATES (THERMS/HR.) AT VARIOUS EFFICIENCI

ES

Boiler L.
Size Fuel - To - Steam Efficiency
BH
P 60.0 625 650 675 70.0 725 75 76 77 78 79 80 81 82 83 84 85
100 558 | 53.6 | 51.5| 49.6 | 479| 462 | 447 | 441 | 435 | 430 | 424 | 419 | 414 | 409 | 404 | 399 | 394

125 69.8 | 670 | 644| 620| 59.8| 57.7| 558 | 551 | 544 | 53.7| 530 | 523 | 51.7 | 511 | 50.4 | 49.8 | 493

300 | 1674 |160.7 | 154.5 | 148.8 | 1435 | 138.6 | 133.9 | 132.2 | 1305 | 1288 | 127.2| 12555 | 124.0 | 1225 | 121.0 {1196 | 1
350 | 1953 |187.5 | 180.3 | 173.6 | 167.4 | 1616 | 156.2 | 154.2 | 152.2 | 150.2 | 148.3 | 1465 | 144.7 | 142.9 | 141.2 [1395 | 1

150 | g37| 804 | 773 | 744| 718| 693 | 670| 661 | 652 | 644| 636 | 628 | 620| 613 | 605 | 50.8 | 59.1
200 | 1116|1072 | 2020 | 99.2| 957| 924 | 89.3| 881 | 870 | 859| 848 | 83.7| 827 | 818 | 807 | 79.7 | 788
250 | 1395 1339 | 1288 | 1240 | 119.6 | 1155 | 1116 | 110.1 | 108.7 | 107.3 | 106.0{ 104.6 | 1034 | 1021 | 1009 | 99.7 | 985

18.2
37.9

400 | 2232|2143 | 206.0 | 198.4 | 191.3 | 184.7 | 1786 | 176.2 | 173.9 | 171.7 | 1695 | 167.5 | 165.3 | 163.3 | 161.4 [159.4 |1
500 | 279.0 | 267.8 | 257.5 | 248.0 | 239.1 | 230.9 | 223.2 | 220.3 | 217.4 | 214.6 | 211.9 | 209.3 | 206.7 | 204.2 | 201.7 |199.3 | 1
600 | 334.8 | 321.4 | 309.0 | 207.6 | 287.0 | 277.1 | 267.8 | 264.3 | 260.9 | 257.5 | 254.3 | 251.0 | 248.0 | 245.0 | 242.0 |239.1 | 2
700 | 3906 | 374.9 | 360.5 | 347.2 | 334.8 | 323.2 | 3125 | 308.3 | 304.3 | 300.4 | 296.6 | 293.0 | 289.3 | 285.8 | 282.3 |279.0 | 2

57.6
97.0
36.3
75.7

800 | 446.4 | 4285 | 412.0 | 396.8 | 382.6 | 369.4 | 357.1 | 352.4 | 347.8 | 343.4 | 339.0 | 335.0 | 330.6 | 326.6 | 322.7 [318.8 | 315.1
Gas = 1,000 BTU/Gal. Output (BTU/Hr) FTSE = Fuel - to — Steam Efficiency Input (BTU/Hr)
—— =Input (BTU/Hr) ————— =Therms/Hr
FTSE 100,000 BTU/Therm
table 5

NO. 2 OIL FUEL BURNING RATES (GPH) AT VARIOUS EFFICIENCIES

Boiler

Size Fuel - To - Steam Efficiency

BHP | 600 625 650 67.5 700 725 75 76 77 78 79 80 81 82 83 84 8 86 587 88
100 | 400/ 385]| 37.0] 355| 34.0] 330] 32.0| 31.5] 31.0] 305] 305| 30.0] 29.5| 29.0| 29.0| 285| 28.0| 28.0] 27.5| 27.0
125 | 500/ 48.0| 46.0| 44.5| 42.5| 41.0| 40.0| 39.5| 39.0| 38.0| 38.0| 37.5| 37.0| 365| 36.0| 355| 35.0| 35.0| 345 | 34.0
150 | 60.0| 57.5| 55.0| 53.0| 51.0| 49.5| 48.0| 47.0| 465| 46.0| 455| 45.0| 44.5| 435| 43.0| 425| 42.0| 415| 410 41.0
200 | 795| 765| 735| 71.0| 68.5| 66.0| 64.0| 63.0| 62.0| 615 60.5| 60.0| 59.0| 585| 57.5| 57.0| 56.5| 55.5| 55.0 | 545
250 | 995 955| 92.0| 885| 855| 825| 795 785| 77.5| 765| 755| 745| 74.0| 73.0| 72.0| 71.0| 705 69.5| 68.5| 68.0
300 |119.5(115.0 [110.5|106.5{102.5| 99.0| 955| 945 93.0| 92.0| 91.0| 89.5| 88.5| 87.5| 86.5| 855| 84.5| 835| 82.5| 815
350 |139.5(134.0 [129.0|124.0|119.5 | 115.5/111.5| 110.0|108.5 | 107.5|106.0 | 104.5 | 103.5| 102.0[101.0| 99.5| 985 | 97.5| 96.0| 95.0

400 11595 (153.0 |147.0| 141.5(136.5 | 132.0{127.5 [ 126.0 {124.0 | 122.5121.0 | 119.5 | 118.0 | 116.5| 115.0 | 114.0 {112,5 [111.0 [110.0 1085
500 11995(191.5|184.0|177.0{171.0| 165.0|159.5 | 157.5|155.5 | 153.5 |151.5 [149.5 | 147.5|146.0| 144.0 |142.5 |140.5 |139.0 |137.5 |136.0
600 |239.0|229.5|220.5(212.5(205.0 | 198.0|191.5 | 189.0|186.5 | 184.0 |181.5 [179.5 | 177.0| 175.0| 173.0 |171.0 |169.0 |167.0 |165.0 |163.0
700 1279.0 |268.0 | 257.5|248.0{239.0 | 231.0|223.0 | 220.0|217.5 | 2145 |212.0 [209.0 | 206.5| 204.0| 201.5 [199.0 [197.0 |194.5 |192.5 |190.0
800 |319.0|306.0|294.5| 2835|2735 | 264.0|255.0 | 251.5|248.5 | 245.0 |242.0 [239.0 | 236.0| 233.5| 2305 |227.5 [225.0 [222.5 |220.0 |217.5

No. 2 Oil = 140,000 BTU/Gal. Output (BTU/Hr) FTSE = Fuel — to — Steam Efficiency Input (BTU/Hr)
—  =Input (BTU/Hr) —  =GPH
FTSE 140,000 BTU/Gal.
table 6
NO. 6 OIL FUEL BURNING RATES (GPH) AT VARIOUS
Boile .
r Fuel - To - Steam Efficiency
Size | 600 625 650 675 700 725 75 76 77 78 79 8 8 8 8 84 8 8 8 88
= TP 370] 355] 345] 33.0] 320] 31.0] 30.0] 20.5] 20.0] 285] 285] 28.0] 27.5] 27.0] 27.0] 265] 26.0] 26.0] 255] 255
100 | 465| 445| 43.0| 415| 40.0| 385 37.0| 36,5 36.0| 36.0| 355| 35.0| 34.5| 34.0| 335| 33.2| 33.0| 325| 32.0| 315
125 | 56.0| 535| 51.5| 495| 48.0| 46.0| 445| 44.0| 435| 43.0| 42.5| 42.0| 415| 41.0| 405| 40.0| 39.5| 39.0| 385| 38.0
150 | 745| 71.5| 68.5| 66.0| 64.0| 61.5| 59.5| 585| 58.0| 57.0| 56.5| 56.0| 55.0| 54.5| 54.0| 53.0| 52.5| 52.0| 51.5| 50.5
200 | 93.0| 89.5| 86.0| 825| 79.5| 77.0 | 745| 735| 725| 715| 705| 69.5| 69.0| 68.0| 67.0| 66.5| 655 | 65.0| 64.0| 63.5
250 (111.5(107.0|103.0| 99.0{953.5| 92.5| 89.5| 88.0| 87.0| 86.0| 85.0| 83.5| 825| 81.5| 80.5| 79.5| 79.0| 78.0| 77.0| 76.0
300 [130.0[125.0|120.0| 1155|1115 | 107.5 |104.0| 103.0 |101.5 [100.0| 99.0| 97.5| 96.5| 95.5| 94.0| 93.0| 92.0| 91.0| 90.0 | 89.0
350 |149.0(143.0 [137.5|132.5(127.5 [123.0 [119.0 | 117.5 |116.0 | 114.5|113.0 | 111.5 | 110.0| 109.0 | 107.5 |106.5 | 105.0 [104.0 |102.5 [101.5
400 |186.0(178.5|171.5 | 165.5|159.5 | 154.0 |149.0 | 147.0 |145.0 | 143.0 [141.0 | 139.5 | 138.0{ 136.0|134.5 | 133.0 |131.5 |130.0 |128.5 |127.0
500 (223.0(214.0|206.0|198.5(191.5 | 184.5|178.5| 176.0 |174.0 | 171.5|169.5 | 167.5 | 165.5|163.5 | 161.5 | 159.5 |157.5 |155.5 |154.0 |152.0
600 (260.5(250.0 | 240.5 | 231.5(223.0 | 215.5 |208.5 | 205.5 |203.0 [ 200.5 [198.0 [ 195.5 | 193.0{190.5 | 188.0 | 186.0 |184.0 |181.5 |179.5 |177.5

700 |297.5(285.0 [274.5 | 264.5|255.0 | 246.5(238.0 | 235.0 [232.0 | 229.0{226.0 [223.0 | 220.5|217.5 | 215.0 |212.5 |210.0 [207.5 |205.0 |203.0

No. 6 Oil = 150,000 BTU/Gal. Output (BTU/Hr) FTSE = Fuel — to — Steam Efficiency Input (BTU/Hr)
——— =Input (BTU/Hr) _
FTSE 150,000 BTU/Gal.

table 7
17

= GPH



GUARANTEED FUEL-TO-STEAM EFFICIENCIES

NATURAL GAS

OPERATING PRESSURE = 10 psi OPERATING PRESSURE = 125 psi
B(S):'Z-ER % OF LOAD % OF LOAD
25% 50% 75% 100% 25% 50% 75% 100%
100 84.4 85.0 84.8 84.4 815 82.4 82.3 82.2
125 83.3 83.6 83.4 83.2 80.4 80.9 810 810
150 84.4 84.6 845 84.3 815 82.0 82.0 82.1
200 85.0 85.3 85.1 84.9 82.2 82.7 82.7 82.7
250 85.0 84.7 84.0 83.3 82.0 82.0 816 813
300 85.3 85.3 84.6 83.9 82.6 82.7 82.2 81.9
350 85.3 85.7 85.2 845 82.6 83.2 82.8 825
400 845 84.7 84.6 84.4 81.8 82.2 82.4 82.2
500 85.5 85.7 85.5 85.2 82.8 83.2 83.3 83.1
600 85.7 86.0 85.8 85.6 82.9 835 83.6 835
700 85.7 86.2 86.0 85.7 83.0 83.6 83.6 83.6
800 85.8 86.1 85.9 85.6 83.1 83.6 83.7 835
table 8 * Seerotes
GUARANTEED FUEL-TO-STEAM EFFICIENCIES
NO. 2 OIL
OPERATING PRESSURE = 10 psi OPERATING PRESSURE = 125 psi
Bg:EER % OF LOAD % OF LOAD
25% 50% 75% 100% 25% 50% 75% 100%
100 87.8 88.4 88.1 87.7 84.8 85.7 85.6 85.5
125 86.7 86.9 86.7 86.6 83.7 84.2 84.3 843
150 87.8 88.0 87.8 87.6 84.8 85.3 85.3 85.4
200 88.4 88.7 88.4 88.2 85.6 86.0 86.0 86.0
250 88.3 88.1 87.4 86.7 85.3 85.3 84.9 84.7
300 88.6 88.7 88.0 87.3 85.9 86.0 855 85.2
350 88.6 89.0 88.5 87.8 85.9 86.6 86.1 85.8
400 87.9 88.1 87.9 87.6 85.1 855 85.6 855
500 88.9 89.0 88.9 88.6 86.1 86.5 86.6 86.4
600 89.0 89.4 89.2 89.0 86.2 86.8 86.9 86.8
700 89.1 89.5 89.3 89.1 86.3 86.9 87.0 86.9
800 89.2 89.5 89.3 89.0 86.4 86.9 87.0 86.8
table 9 * See notes.
GUARANTEED FUEL-TO-STEAM EFFICIENCIES
NO. 6 OIL
OPERATING PRESSURE = 10 psi OPERATING PRESSURE = 125 psi
Bgl”z-ER % OF LOAD % OF LOAD
25% 50% 75% 100% 25% 50% 75% 100%
100 88.2 88.5 88.3 88.0 84.6 85.8 85.9 85.8
125 87.2 87.4 87.2 87.0 84.1 84.6 84.7 84.8
150 88.4 885 88.3 88.1 85.3 85.8 85.8 85.8
200 88.9 89.2 88.9 88.7 86.0 86.5 86.4 86.5
250 88.8 88.5 87.8 87.1 85.8 85.7 853 85.0
300 89.1 89.2 88.4 87.7 86.3 86.4 86.0 85.6
350 89.1 89.5 89.0 88.4 86.4 87.0 86.6 86.2
400 88.4 88.5 88.4 88.1 85.5 85.9 86.0 85.9
500 89.4 89.5 89.3 89.2 86.5 86.9 87.0 86.9
600 89.5 89.9 89.7 89.4 86.7 87.3 87.4 87.2
700 89.6 90.0 89.8 89.6 86.8 873 87.4 87.4
800 89.7 90.0 89.8 89.5 86.9 87.4 875 873
table 10 * Seenotes.
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NOTES:

1. Effici encies_Based on the Following 2. Efficiencies based on ambient air temperature of
Fuel Analysis 80° F, relative humidity of 30%, and 15% excess

Natural Gas: air in the exhaust.

Carbon, % (wt) = 68.98 3. Efficienciesinclude radiation and convection
Hydrogen, % (wt) = 22.31 losses asindicated in table 1.

Sulfur, % (wt) = 0.0 4. Any efficiency verification testing will be based

Heating Value, Btu/lb = 21,830 on the stack loss method.
No. 2 Oil:

Carbon, % (wt) = 85.8

Hydrogen, % (wt) = 12.7

Sulfur, % (wt) = 0.2

Hesating Value, Btu/lb = 19,420
No. 6 QOil:

Carbon, % (wt) = 86.6

Hydrogen, % (wt) = 10.9

Sulfur, % (wt) = 2.09

Hesting Value, Btu/lb = 18,330
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Facts are facts. And the plain facts are, there are
more Cleaver-Brooks firetube boilers installed
and operating than any other brand. It's aso true
no boiler company has more repeat customers
than Cleaver-Brooks. Why? The CB Firetube
boiler is the most efficient, easiest to operate, and
lowest maintenance cost firetube boiler built. And
buying the best means saving money every time
you fire the boiler year and year out throughout
the life of the equipment.

What's more, Cleaver-Brooks boilers are
supported by the strongest after sales service
organization in the business. The top trained
technicians, parts where and when you need them,
service response ready to support your needs.
Maximum uptime. Maximum savings.

Ask around. You'll find when choosing a firetube
boiler, the facts are clear. Choosing Cleaver-
Brooks maximizes your boiler investment,
efficiently and reliably. No other boiler provides
you with the product features. No other boiler
company provides you with the best support.
Insist on total performance and real value.

Performance Proven Worldwide
Division of Aqua-Chem, Inc.
P.O. Box 421
Milwaukee, W1 53201
http://www.cleaver-brooks.com
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