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THE BUYER’S GUIDE TO
PACKAGE BOILER DESIGN

By: William L. Reeves, P.E., President, ESI

Editor’s Note: This article is the first in a series on package boiler design. Over ESI’s 25 year
history, we have purchased and installed numerous package boilers of various steam capacities,
design types, and steam pressures and temperatures.

The “package boiler” is the predominant type of industrial steam generator that
is purchased and installed when new or replacement steam capacity is
required. However, most companies make a boiler purchase so infrequently

that they do not have a good working knowledge of potential package boiler
manufacturers, types and models offered, critical design features, and what
differentiates vendor equipment. This lack of knowledge regarding the design and
construction of package boilers places the buyer in a position of relying on the
manufacturers for information. This is not a desirable position, because most
manufacturer sales representatives are naturally going to try to advance their
particular product offering. In this series of articles, ESI will share our knowledge to
help make you an informed buyer. The remainder of this article will focus on the
types of water tube package boiler designs and how shipping restraints can affect
certain design parameters.

Package boilers fall into two major classes, water tube and fire tube units.  As you
would expect, in water tube units, the water is in the tubes and the products of
combustion are on the outside of the tubes. In fire tube units, the opposite is true.
Because the entire boiler shell is the pressure vessel in fire tube designs, fire tube
boilers are limited in their size and design pressure. The maximum size is
approximately 50,000 pph of steam capacity with a design steam pressure and
temperature generally less than 250 psig saturated.

Package boilers are by definition, a complete “package” that is shop assembled and
shipped to the project site. All of the code work is complete and the unit can be
installed without any required ASME Section 1 code work performed in the field.
Therefore, the fundamental question and requirement of any package boiler designed
and built is how and where it must be shipped. While shipping size generally does
not cause any technical design issues on smaller lower pressure saturated units, this

basic requirement can result in very
interesting compromises in the design
of larger steam capacity units
operating at higher temperatures and
pressures. With respect to these units,
it is important to realize that good
engineering design parameters are
being pushed to their upper limits or
even compromised by the requirement
to be able to ship the unit.

Types of Package Boilers
Water tube package boilers come in
three basic configurations, “A”, “D”,
and “O” types. There is a method to
this designation madness.  Please refer
to Figures 1 through 3 for a schematic
of each type.
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Figure 1. Type “A” Package Boiler.

Figure 2. Type “D” Package Boiler.

The predominant type of package boiler that is
purchased today is type “D”. This boiler
configuration generally allows a more desirable
furnace geometry that is critical to achieving
today’s lower emission standards. The “D” type
also positions the steam drum off to one side
instead of being situated directly over the
furnace. This arrangement makes it easier to
protect the steam drum with refractory at the
tube interfaces and makes it less susceptible to
damage from radiant furnace heat in the event of
a refractory failure. The “D” type configuration
also makes it easier to accommodate membrane
totally water-cooled front and rear wall tube
arrangements. This type wall construction
requires less maintenance than total or partial
refractory walls. The water-cooled front and rear
walls also reduce furnace temperatures resulting
in lower NOx emissions capabilities. Another
advantage of a “D” type boiler is that it only
requires one furnace to boiler bank division wall
while the other types require two.

The primary disadvantage of “D” type boilers
really disappeared with modern water treatment
technology. The “D” shaped furnace tube
design results in a long tube run at the furnace
bottom with little slope which exacerbates
problems with poor water treatment. The other
disadvantages of “D” type boilers have more to
do with general arrangement than operation.
These boilers have a side gas outlet that
requires more plan area width for installation.
Also, the shipping costs of very large “D” type
boilers can be higher as special trailers are
required to deal with the eccentric weight
distribution.

The other type of water tube boiler generally
used in permanent industrial installations is type
“A”. In type “A” boilers the two mud drums are
generally much smaller than the single mud
drum of a “D” type boiler, which makes the drum
inspections more difficult. The biggest concerns with “A” type boilers are the floor
tubes and end walls. The floor tubes are horizontal which is not ideal in natural
circulation boilers. The front and rear walls are generally refractory which create
maintenance problems and forced outages. This is especially true with the rear target
wall. On a positive note, type “A” boilers do allow the economizer to be situated
directly above the boiler centerline top outlet flue gas connection for a nice clean
vertical arrangement with less plan area width requirement. One of the biggest
applications of “A” type boilers is to situate them on top of a refractory furnace for
firing solid fuels. In this case, there are no floor tubes between the bottom mud drums
and the open furnace bottom between the bottom drums allows the normal boiler
furnace to become the upper portion of the total boiler furnace.
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Figure 3. Type “O” Package Boiler.
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ESI Bulletin Board

Contact ESI’s STEAM & POWER SPECIAL FORCES®
Today at 770-427-6200 or info@esitenn.com.

RENTAL EQUIPMENT
 Available For Rent!

• Boilers
• Deaerator Systems
• Boiler Feedwater Pumps
• Water Softener Systems

Contact Deanna White Today!

Check out our rental equipment on the
web at www.rentalboilers.com.

OPERATOR TRAINING
Are Your Operators Properly Trained?

ESI offers a comprehensive Operator Training
Program which could save your company a
great deal of time, money, and could
potentially mitigate losses from improper
operation of the facility’s powerhouse.

Our training program consists of three levels
of training:

• Basic Training - Training on
powerhouse components including boilers,
water treatment systems, steam and
combustion turbines, burners, etc.
• Advanced Training - Training
customized for your particular powerhouse
facility. ESI will visit your site, then
develop a comprehensive training program
for your facility.
• Recurrent Training - Recurrent annual
training for your operators, plus ESI will be
on-call 24/7 to your operations staff to
answer questions and troubleshoot
problems.

All training programs occur on-site and
include a training manual.

ENVIRONMENTAL
UPDATE

The 1970 Clean Air Act
has been revised to make
it easier for industrial and

utility plants to modernize
and upgrade equipment.

No longer is it required to
apply for permits by the

New Source Review (NSR)
program. The new final
EPA regulations clarify

that NSR is only triggered
when actual emissions

increase.

If you are confused by
constantly changing

environmental regulations
contact ESI.   Our

familiarity with all EPA
regulations including

NSPS, BACT, PSD, and
MACT allows us to

recommend the most
technically and

economically feasible air
pollution control

technology.
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Type “O” water tube package boilers are predominantly used in the rental boiler
market. The position of both drums in the boiler center resulting in side to side equal
weight distribution makes these boilers ideal for permanent attachment to tractor
trailers for use in the rental fleets. This centerline equal weight distribution also holds
true for “A” type boilers.

Regardless of which type of boiler is purchased, it is critical that the furnace division
walls be of welded membrane tube construction (little or no refractory). This design
prevents flue gas bypassing from furnace to boiler outlet which results in higher CO
emissions, a problem with other types of furnace division wall construction. Another
critical construction feature is to make the boiler side walls, end walls, and roof
welded membrane type construction to the maximum extent possible. Membrane tube
wall enclosures eliminate casing bulges, hot spots, and other problems created by
moderate furnace pressure excursions. This design also mitigates the use of
refractory, which is the primary maintenance item in package boilers.

Shipping Restraints
Since the most expensive part of any boiler is the steam and mud drum costs, it makes
sense that the design of any boiler will seek to reduce the length of these drums.
Accordingly, the length of any package boiler is designed to be as short as possible
after consideration of the furnace length to achieve optimum burner performance and
complete combustion. Therefore, in package boiler design, the height and width is
less dependent upon steam capacity while the length is the primary variable affected
by steam capacity.

An 80,000 pph shop assembled package boiler can easily be designed and shipped to
essentially anywhere with a conservative furnace heat release of below 70,000 btu/cu-
ft hr. The unit can also be designed to have a very desirable gas side pressure drop
resulting in relatively low FD fan operating horsepower. Conversely, a 200,000 pph
boiler operating at 650 psig/750ºF will have a considerably higher furnace heat release
rate and pressure drop as the unit gets longer.  The gas weight and volume of the
larger unit is roughly 2.5 times that of the smaller unit.  Accordingly, since both boilers
will have close to the same height and width and since pressure drop is a square
function of flow, assuming the boiler tube spacing is the same, the larger unit will
have a pressure drop equal to 5-6 times that of the smaller unit. Since both boilers will
have a burner on one end, the larger unit will have a much higher heat gradient
through the furnace tube walls in the burner zone of the furnace due to the much
higher burner heat input. Good design requires that the burner produce a flame shape
that it is long and narrow; therefore, avoiding flame impingement on furnace tubes.
This technology has its limits, as the boiler grows very long in larger sizes and
capacities. However, the heat input of the larger unit is still roughly 2.5 times the heat
input of the smaller unit and shipping restraints make it virtually impossible to achieve
2.5 times the furnace tube wall heating surface. The net result of this larger boiler is a
boiler with a very high furnace tube wall heat gradient, a much higher furnace heat
release rate, and a high pressure drop resulting in high fan horsepower and operating
costs.

Shipping and handling a very large and heavy shop assembled package boiler can be
very expensive. Sometimes, it is virtually impossible to ship such a boiler to certain
parts of the country. When the shipping and handling costs are properly evaluated
against the cost of field erecting a package boiler, it is often a better technical and
economic decision to purchase the boiler for complete or partial field erection. ESI
performed a project that included a package boiler of 250,000 pph steam capacity
operating at 350 psig/550ºF. The shipping and handling costs were extreme and the
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gas side pressure drop was very high on the shop assembled unit being considered.
Once ESI properly evaluated all the shipping, handling, and higher operating costs
against the field erection cost, the decision was made to field erect the unit. Not
bound by shipping restraints, the design of the unit resulted in wider boiler tube
spacing in the convection section thus reducing the gas side pressure drop by 65%.
The furnace was designed for a heat release rate below 72,000 btu/cu-ft-hr as
opposed to a rate over 100,000 btu/cu-ft-hr for the shop assembled unit. The field
erected boiler was much more conservative than the shop assembled unit due to the
increased width and height of the boiler. For essentially the same total capital cost,
the end user received a boiler with much lower operating and maintenance
expenses.

Large boilers operating at a steam pressure in excess of 800 psig are good
candidates for total or modular field erection for another reason. As the operating
pressure exceeds 800 psig, the specific volumes of the steam and water start to
converge dramatically. For example, the ratio of the specific volumes of steam to
water for a boiler operating at 150 psig is 152. This same ratio for a boiler operating
at 900 psig is only 23. Circulation design of natural circulation boilers is dependent
upon this ratio. Circulation can be improved by increasing the height distance
between the steam and lower drum and headers. This can be achieved through
complete or modular field erection.

The bottom line regarding shipping restraints is that any shop assembled package
boiler that is purchased to operate above 175,000 pph and at higher steam
temperatures and pressures should be thoroughly evaluated considering all the
design and operating cost parameters. The benefits of field erection in the boiler
design should be explored. The fact that the manufacturer can shop assemble and
deliver the unit does not necessarily mean that it is the best long term design or the
best value.

We hope you enjoyed the first article in this series. Stay tuned for the Summer 2003
issue of the ENERGY SOURCE where we will continue “The Buyer’s Guide To
Package Boiler Design”. Please remember, if your steam or power facility needs
additional capacity, contact the Steam & Power SPECIAL FORCES® today at
770-427-6200 or info@esitenn.com. Since ESI has no particular allegiance or vested
interest in any specific manufacturer, we can select the best technology for your
particular application.
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THE BUYER’S GUIDE TO
PACKAGE BOILER DESIGN

Yet to come... This series of articles will answer the
following package boiler design questions:

What critical boiler design parameters should be considered when
purchasing a new package boiler?
What is the current state of burner technology and typical emissions firing
natural gas and fuel oil?
What factors really determine boiler efficiency and is there any real
difference between manufacturers?
What are the critical considerations in the design of an economizer, fan,
burner management system, boiler trim, and other boiler auxiliary
equipment?


