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EXECUTIVE SUMMARY 

Cleaver-Brooks, Inc. conducted a Boiler Plant Assessment at ABC’s facility located at 1234
Street Rd., Somewhere US, on November 27 & 28, 2014.

The facility has four Cleaver-Brooks 200 HP firetube boilers. Boiler No. 2 was down for repairs
and the facility primarily fires two boilers while hot-banking the third. The average steam
demand across the year is 10,189 lbs/hr and 91.6% of the time the generation rate is between
8,000 and 13,000 lbs/hr.

The current feedwater system has the approach of a single pump for a single boiler. A series of
solenoid valves permit various pumps to supply other boilers but the system is overly
complicated. The preferred approach is a feedwater header system that makes high pressure
feedwater immediately available to each boiler.

All deaerators should have a dissolved oxygen test performed annually to ensure the system is
properly removing corrosive oxygen from the condensate and makeup water. Non-destructive
testing should also be performed on the deaerator to confirm the vessel integrity.

One opportunity often considered to reduce energy costs is to lower the boiler operating
pressure. Reduced steam pressure will lower losses from leaks, combustion flue, blowdown,
boiler radiation and convection, steam piping, and steam traps, however a number of items must
be considered before lowering the boiler operating pressure.

Steam traps are critical to the successful operation of steam consumers. Choosing the correct
steam trap operational design and size provide an operational life expectancy of 15 years or
longer. The facility needs to repair or replace the failed steam traps and evaluate the installation
for all steam trap stations.

The facility’s boiler and process safety valves are governed by the code in ASME B31.1. The
code requires that the discharge piping must be free from the valve. The ASME code also
requires that condensate or water must drain from the relief valve seat. Condensate after a
discharge will remain trapped in the discharge piping, which will promote corrosion of the valve
seat. All safety relief valves should be evaluated and a plan implemented to correct all
deficiencies.

There are numerous opportunities to improve the operation and thermal efficiency of the boiler
plant such as conventional economizers and controls upgrades with parallel positioning and O2
trim. The economic thresholds are different in various plants. A simple payback milestone
suffices at some plants where others require a detailed evaluation of the rate of return. Taxes and
depreciation also have impact on new equipment versus repairs or upgrades to older equipment.

Maintenance costs and unscheduled downtime must also factor into the decision process. New 
packaged firetube boilers have much higher performance standards than older design units.
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Guaranteed high efficiency, high turndown, automatic excess air trim, low emissions technology, 
and connectivity to building automation systems are available. The result is a boiler plant with 
lower operating costs.

Below is a summary of Cleaver-Brooks’ additional findings for your review. Please contact 
Cleaver-Brooks if we can be of further assistance on any items contained in this report.

INTRODUCTION

Boiler Plant Optimization group within Cleaver-Brooks focuses on the constant improvement of 
Safety, Reliability, Efficiency and Sustainability within the boiler plants. These four areas are the 
cornerstones of a successful boiler plant operation.

The primary objective of the ABC facility is to reduce the energy demands of the facility and 
identify opportunities to improve the performance and reliability of the system. Another objective 
of the facility is to develop a 5-year plan for improvements to the aging boiler plant. The thermal 
load is a majority portion of the total energy footprint of the facility and the energy cost per 
production unit.

COST OF STEAM

Quantifying the cost of producing steam is an important step in justifying projects and 
improvements. Many significant variables make up the cost of steam, but the vast majority of 
the costs are a function of fuel. The cost of steam is not only beneficial to the individual plant but 
also to multi-plant corporations to benchmark the generation costs across the various facilities.

The facility has a boiler room of three 200 HP boilers with a cost of steam of:

$6.88 per thousand pounds of steam.

The steam production cost is reasonable in comparison to the industry average.
The cost shown here is considered a modified unloaded steam cost since it does account for the 
cost of fuel, boiler efficiency, and condensate returned but does not include many other variables 
that are necessary to produce steam. The preferred way of reviewing the true cost of steam is a 
loaded steam cost where all associated cost factors such as labor, maintenance, and chemicals 
are added into the cost of steam. Due to these factors mentioned above, the loaded cost of 
steam is typically 1.3 to 1.5 times the calculated unloaded cost of steam.
 
The effort to calculate the true cost of steam is worthwhile to justify energy conservation and 
utilization projects: some valuable projects may be overlooked if the plant uses the traditional 
unloaded steam cost. Another benefit is ensuring that the plant does not approve other projects 
that do not have the appropriate justifications.
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STEAM GENERATION

The facility has four Cleaver-Brooks 200 HP firetube boilers. Boiler No. 2 was down for repairs 
and the facility primarily fires two boilers while hot-banking the third. Each of the boilers has a 
steam flow meter and a combined natural gas meter is also installed. A condensate flow meter is 
also installed between the condensate receiver and the deaerator.

The condensate flowmeter indicates all water that is delivered to the deaerator including 
condensate and makeup water. The meter basically indicates the boiler feedwater volume. The 
only difference from boiler feedwater and the steam generated is the blowdown volume. Based 
on the log sheets of the conductivity for the softened water and the desired conductivity in the 
boiler, approximately 3.3% of the feedwater is lost to blowdowns. Therefore, the condensate 
flowmeter minus 3.3% blowdown equals the steam generated.

Data was collected with 15 minute intervals for the previous year for the steam flowmeters, 
the natural gas flowmeter, and the condensate flowmeter. The natural gas flowmeter records 
indicated flow volume in cubic feet but only changed in increments of 1000 which has little value 
in evaluating the fuel consumption. The steam flowmeters were also suspect since the combined 
flow did not correspond with the condensate flowmeter.

Steam flowmeters measure velocity of the steam and the meter calculates the mass flow rate. A 
mass flow rate calculation such as lbs/hr requires the piping size and density of the steam. For 
steam, the density changes with the pressure. If the pressure ever changes from the point the 
meter was calibrated, the reading will be inaccurate. It is recommended that steam flowmeters 
incorporate a flow computer that utilizes a pressure transmitter to compensate for varying 
pressures.

A snapshot of fuel flow readings on the local display of the natural gas flowmeter indicated 
natural gas consumption of 254.4 scfm. Factoring in the boiler efficiency from the combustion 
test results, the gas flow would equate to 11,900 lbs/hr of steam which corresponds with the 
adjusted flow recorded on the condensate flowmeter.

The steam flowmeters have a 96% correlation with the condensate or feedwater flowmeter but 
has an average 38% error. The steam flowmeters are consistent with the steam flow but are 
approximately 38% below the actual steam generation.
 
The chart in Figure 1 is a plot of the steam generation rates for the boilers over the previous year. 
This chart provides a good overview of the steam generation profile. The average across the year 
is 10,189 lbs/hr and 91.6% of the time the generation rate is between 8,000 and 13,000 lbs/hr.

Rare spikes in the demand push the peak to 15,000 lbs/hr.
Across the previous year, Boiler No. 1 operated 90.6% of the time, Boiler No. 3 operated 89.7% 
of the time, and Boiler No. 4 operated 36.5% of the time. All three operating boilers are 200 HP 
or 6,900 lbs/hr capacity. Two boilers operating in tandem have a capacity of 13,800 lbs/hr which 
satisfies the demand 99.6% of the time.
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      Figure 1. Steam Generation 10/13 to 10/14

BOILERS

The facility has four Cleaver-Brooks 200 HP firetube boilers. Boiler No. 2 was down for repairs 
and the facility primarily fires two boilers while hot-banking the third.

Boiler Efficiency

The combustion test results were only available for Boiler No. 3 at the time of the assessment. 
The boiler efficiency per ASME PTC 4.1 for the Boiler No. 3 is 82.2%.

In a typical boiler, approximately 20% of all the losses in a boiler system are attributed to flue 
gas stack losses. The flue gas energy is determined by the volume of gas or the firing rate of the 
boiler and the exhaust temperature of the flue gases. Many factors impact the flue gas energy 
loss, including boiler furnace and tube design, burner configuration, and combustion operating 
parameters.

Conventional economizers are not installed on any of the boilers. Economizers improve 
boiler efficiencies by increasing the feedwater temperature and lowering the flue gas exhaust 
temperature.

Combustion efficiency is based on a review of the oxygen content in the flue gas to determine 
the amount of excess air provided to the combustion process to ensure complete combustion. 
Incomplete combustion is monitored in the form of carbon monoxide (CO), which reduces the 
combustion efficiency through the loss of unburned fuel and cooler flame temperatures.
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The true boiler efficiency (TBE) is based on many different parameters that encompass the boiler, 
fuel composition, blowdown, moisture in the flue gas, temperature of the fuel gases, boiler 
radiation losses, and the like.

Boiler Fuel-Air Ratio

The fuel-air ratio curve is the data derived 
from a combustion testing process. The 
oxygen necessary for the combustion 
process is supplied to the boiler via the 
boiler’s burner. To achieve complete 
combustion, a portion of air has to be 
available for the combustion process 
that exceeds the stoichiometric amount 
needed to complete the combustion 
process. The ratio of the excess 
combustion air to the theoretical amount 
of air required is called the excess air.

Due to the characteristics of the burner, 
the excess air levels are curved from low 
fire (higher excess air levels) to high fire (lower excess air levels). Unfortunately, more excess air 
added to the process results in lower combustion efficiency.

With reduced excess air in the combustion process, flue gas exit volume is also reduced. Lower 
excess air levels reduce the temperature of the flue gas due to the reduction in gas velocities. 
This allows the gas to spend more time in the boiler, where the heat energy can be absorbed.

The economics are very attractive for keeping a boiler operating at peak performance with 
respect to the optimum fuel-air ratio curve. As a rule of thumb, boiler efficiency can be increased 
by 1% for each 15% reduction in excess air, 1.3% reduction in oxygen, or 40°F reduction in flue 
gas exit temperatures.

The boiler plant does not have in-situ oxygen analyzers that allow the boiler operators to 
monitor boiler performance. The plant uses an outside contractor to measure, adjust, and tune 
combustion efficiency annually to maintain optimum efficiency. The fuel-air ratio curve for Boiler 
No. 3 is shown in Figure 2. As shown in Figure 2, the amount of oxygen or excess air is higher 
than the preferred levels throughout the firing range.

Stack Losses

In a typical boiler, approximately 20% of all the losses in a boiler system are attributed to flue 
gas stack losses. The flue gas energy is determined by the volume of gas or the firing rate of the 
boiler and the exhaust temperature of the flue gases. Many factors impact the flue gas energy 
loss, including boiler furnace and tube design, burner configuration, and combustion operating 
parameters.

Figure 2. Fuel-Air Ratio Boiler No. 3
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Burner configuration is determined by the design of the burner and the method of control. 
A single point control, like that on the four boilers at the facility, is the simplest method. A 
mechanical linkage joins the valve mechanism for the fuel and the combustion air, and a single 
actuator modulates this linkage to achieve the desired firing rate. A parallel control system has 
individual actuators for the fuel valve and the air delivery. The system senses the amount of 
oxygen in the flue gas stream and automatically adjusts each actuator independently to optimize 
the combustion.

An economizer is used to reclaim a portion of the flue gas energy. A conventional feedwater 
economizer captures flue gas energy to heat the feedwater delivered to the boiler. This typically 
increases the boiler efficiency by 4%. A conventional economizer can only lower the flue exhaust 
temperature to 240°F since the flue gases will achieve the dew point temperature and produce a 
corrosive solution.

Boiler Operating Pressure

One opportunity to reduce energy costs is to lower the boiler operating pressure. Reduced steam 
pressure will lower losses from leaks, combustion flue, blowdown, boiler radiation and convection, 
steam piping, and steam traps.
 
There are typically energy savings to be gained from lowering steam pressure, but to achieve 
the savings, the plant needs to review a number of items. Using the appropriate boiler outlet 
steam nozzle sizing is very important to ensure that the lower pressure does not exceed the 
recommended outlet velocities.

The recommended design steam velocity at the nozzle for firetube boilers is 5000 FPM. The CB-
200 boilers have a 4” steam nozzle which has a velocity of 3,294 FPM at 165 psig. Dropping the 
pressure to 125 psig would create a velocity of 4,200 FPM. Many factors go into the design of a 
boiler and maximum allowable working pressure (MAWP) often is the most significant parameter. 
The boiler is optimized to operate at the original design pressure but production demands change 
and boilers are often operated well below the design. The plant has successfully operated at 165 
psig without any noticeable negative effects. Dropping the pressure by another 5 or 10 psig will 
only yield a savings of approximately 0.3% or $1,745.00. Considering the design of the boilers, the 
steam distribution system, PRV stations, and other factors lowering the boiler operating pressure is 
not recommended.

Another consideration in deciding to lower boiler operating pressure is boiler water chemistry. TDS 
or total dissolved solids is an indication of the amount of minerals and other solids in the boiler 
water. From the log sheets, the conductivity of the boiler water often drifts above the target of 3000 
ppm. High solids in the water increase the surface tension of the boiler water which promotes 
carryover. Higher steam nozzle velocities coupled with high TDS levels can lead to carryover which 
can cause a low water condition in the boiler and waterhammer in the steam piping.
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To lower the steam production pressure, several items must be considered, such as the 
following:

•	 Distribution piping size
•	 Boiler specifications
	 •  Minimum operating pressure
	 •  Outlet nozzle size
•	 Consumers
	 •  Steam heat exchangers
	 •  Air handlers
•	 Flow meters
	 •  Recalibration

A significant obstacle may be in the distribution piping since lowering the operating pressure 
requires a larger piping diameter.
 
Boiler Blowdown

Due to the accumulation of water treatment chemicals and various corrosive products that 
make their way into the boilers, a certain percentage of boiler water must be removed from the 
boiler water system. The practice of removing a percentage of boiler water is called blowdown. 
Inadequate blowdowns increase the level of total dissolved solids (TDS) in boiler water. A 
higher concentration of TDS in the boiler can lead to the buildup of scale on the heat transfer 
surface and to poor heat transfer, foaming, and boiler water carryover. The necessary amount 
of blowdown varies widely, ranging from 2% of the feedwater rate to over 15%. The typical 
preferred target for TDS concentrations is 2,800 ppm.

There are generally two types of blowdown methods on boilers: 1) continuous or surface 
blowdown and 2) bottom or manual blowdown. Bottom blowdown is intended to remove solids 
that settle to the bottom of the boiler. Bottom blowdowns are typically performed by opening a 
valve once or twice daily. Continuous blowdown extracts water near the boiler water surface. 
This is typically done with a calibrated valve (metering valve) or with a control system that senses 
the conductivity level of the boiler water and opens a valve for a period of time.

Based on the log sheets of the conductivity for the softened water and the desired conductivity 
in the boiler, the blowdown rate is approximately 3.3% of the feedwater. Based on the operating 
pressure and this blowdown rate, the blowdown has an energy value of $4,002.00 annually. A 
blowdown heat recovery system can recover some of the lost energy but a consumer must be 
identified. Typically the units are used to heat makeup water but currently the makeup water is 
heated by flash steam in the west condensate receiver.
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FEEDWATER SYSTEM

The deaerator is a tray-type and has a capacity of 40,000 lbs/hr. The deaerator removes air 
and other dissolved gases from the feedwater. Dissolved oxygen in boiler feedwater will cause 
serious corrosion in steam systems. The deaerator disperses the water into small droplets, heats 
the droplets, and liberates the dissolved gases from the water. These gases are next removed 
from the deaerator by a vent. The vent should have a clear and unobstructed discharge path.
Typical venting levels on the deaerator are about 0.1% of rated capacity.

The effectiveness of the deaerator is determined with a dissolved oxygen test. As stated by the 
plant, a dissolved oxygen test has never been performed. The boiler chemical service company 
can perform this test which will ensure the deaerator is working properly and also determine the 
amount of oxygen scavenger required.
 
Steam supplied to the deaerator has multiple purposes. The first is to scrub the makeup water 
and drive off the gases. Secondly, the steam preheats the stored water in the deaerator for 
pending delivery to the boilers. The deaerator pressure is controlled by two regulator valves on 
the steam supply. Flash steam is also collected in the west condensate receiver and delivered 
to the steam supply manifold to be consumed by the deaerator. At the typical production rates, 
approximately 480 lbs/hr of steam is consumed in the deaerator or west condensate receiver. 
During the evaluation the pressure in the deaerator was fluctuating from 10 to 14 psig. The relief 
valve on the steam supply manifold was also discharging. A leaking regulator valve can cause 
the swings in the deaerator pressure or a surplus of flash steam in the west condensate can also 
drive up the deaerator pressure. Surplus flash steam in the west condensate receiver is likely 
caused failed steam traps.

The west condensate receiver operates at the same pressure as the deaerator. The makeup 
water is injected into the west condensate receiver and absorbs a portion of the flash steam. 
The makeup water is highly corrosive and has the potential of causing corrosion in the west 
condensate receiver. This tank should also be treated with an oxygen scavenger as is the 
deaerator.

The deaerator is a rated pressure vessel and is subject to thermal stresses due to temperature 
variances in the makeup water and condensate. The vessel is also subject to stresses induced 
by pressure surges such as regulator failure or failed steam traps. Since makeup water is 
injected into the West Condensate Receiver and pumps transfer the combined condensate and 
makeup water to the deaerator, the deaerator is subject to corrosion if not properly maintained 
and chemically treated. The internal components of the deaerator should be inspected at least 
every two years and at least every 5 years non-destructive testing should be performed to verify 
the vessel integrity.

Feedwater Pump System

The current feedwater pump system is made up of three pumps that are individually selectable 
to dedicate to Boilers No. 1, 2 or 3. A single pump is assigned to a particular boiler using 
solenoid operated valves. Two other feedwater pumps can also supply Boilers No. 3 or 4. 
Multiple pumps and the series of solenoid valves provide flexibility to basically operate any boiler 
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with any feedwater pump. This also complicates the system, increases maintenance costs, and 
introduces numerous failure points in the system.

A simpler approach is a header system that uses two variable speed pumps that maintain 
pressure in the header. Feedwater valves at the boilers open to add water. The transition plan is 
straightforward since the inlet to the new pumps connect directly to the current pump inlet from 
the deaerator. A new header pipe is installed above all four boilers. The level controllers on the 
boilers are point level control and would remain the same and actuate feedwater valves instead 
of cycling pumps on and off. The feedwater valves can be the solenoid valves displaced by the 
project.

CONDENSATE RETURN

The log sheets for the makeup water meter indicate that approximately 74% of the condensate 
is returned to the boiler plant or 26% makeup water. The facility has the advantage of having 
high- pressure condensate separated from low-pressure condensate. The high-pressure 
condensate, which is primarily from drip pockets on the high-pressure steam line, discharges 
directly to the west condensate receiver. Pumped condensate from the east condensate receiver 
and other condensate pumping stations discharge into the west condensate receiver also. The 
level in the west condensate receiver is maintained by the addition of makeup water from either 
set of softeners. As steam traps on the high pressure steam line cycle, approximately 14.5% 
of the discharged condensate flashes to steam. The flash steam heats the makeup water and 
low pressure condensate to approximately 232°F. Since the west condensate receiver is joined 
with the deaerator, both operate at the same pressure. The balance of flash steam available 
from high pressure steam traps compared to the demand to heat the makeup water and low 
pressure condensate is necessary to prevent unnecessary venting. This is easily monitored by 
the pressure in the deaerator.

To dehumidify space, seven dehumidifier 
units (DHU) have a desiccant wheel to 
absorb moisture from the circulated air. The 
desiccant material is dried with forced air 
that is heated by steam coils. The coils are 
operating at high pressure and discharge 
into a flash separator as shown in Figure 3. 
The flash steam discharges through a vent 
and the condensate drains to a condensate 
pumping station.

An alternative is to operate the flash unit as a 
flash vessel where the flash steam is injected 
into the 25 psig line for the air handler units. 
The condensate from the flash vessel would 
discharge via an F&T steam trap to the west condensate receiver. A review of the steam demand 
at the condensate receiver and deaerator must be performed to ensure the system can absorb 

Figure 3. DHU Flash Vessel
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the flash steam. The condensate from the flash vessel can instead discharge to the current 
condensate pumping station.

Steam Trap Stations

Steam traps are critical to the successful operation of steam consumers. Choosing the correct 
steam trap operational design and internal seating mechanism can provide an operational 
life expectancy of 15 years or longer. The facility needs to evaluate the selection process for 
operational design and select the correct steam trap for the applications.

The steam trap holds the steam back in the consumers such as a coil to ensure it releases its 
energy and changes to condensate. Steam traps are available in many styles and sizes. The 
AHU on the Tunnels in Figures 4 and 5 have the same application but different size steam traps. 
As a general rule, the steam trap inlet piping should be the same size as the consumer outlet. 
The coil outlet in Figures 4 and 5 was sized to handle the design condensate load and the steam 
trap must also be properly sized to handle the demands. In addition to the inlet piping size the 
steam trap also has various internal orifice options based on the particular condensate load.

 

 
With today’s energy costs and demand for production reliability, it is extremely important to have 
a proactive steam trap station management program included with the overall steam system 
management program.
 
The facility has approximately 147 steam traps and a steam trap survey was performed in 
June 2014. Nineteen steam traps were identified as failed which relates to a 12.9% failure rate. 
Thirteen of the steam traps failed open and six failed closed. The facility target should be a 
steam trap station failure rate below 3% annually.

	 Figure 4. AHU Small Steam Trap			   Figure 5. AHU Larger Steam Trap
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Failed open steam traps discharge live steam into the condensate system. Any failed open high 
pressure steam traps blow steam into the west condensate receiver and is likely vented out the 
relief valve. Low pressure failed steam traps discharge to vented condensate pumping stations. 
A failed steam trap is a loss of energy and also causes congestion in the condensate system. 
The condensate piping is sized for condensate and any live steam increases the pressure in the 
condensate line and can also cause other steam traps from operating correctly.

Failed closed steam traps are also of concern since no condensate is discharged. For process 
equipment heat is not transferred and target temperatures are not achieved. Failed closed steam 
traps on drip pockets are the most critical since condensate in the steam main line can create 
water hammer. Water hammer can cause steam line failure, which would be a major incident for 
the facility operation.

SAFETY RELIEF VALVES

One of the most critical automatic safety 
devices in a steam system is the safety 
relief valve. The safety valve provides a 
protective measure from temperature 
fluctuations and forces caused by 
excessive steam pressure in a system. 
Relief valves protect personnel, property, 
and equipment.

The facility’s boiler and process safety 
valves are governed by the installation 
code in ASME B31.1. The code requires 
that the discharge piping must be free 
from the valve. The rigid piping applies 
stresses on the relief valve, which can 
affect the relief performance of the valve 
as shown in Figure 6.

The ASME code also requires that condensate or water must drain from the relief valve seat. 
Condensate after a discharge will remain trapped in the discharge piping, which will promote 
corrosion of the valve seat.
 

Figure 6. Relief Valves
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ROADMAP

The facility operates typically two 200 HP boilers in tandem to satisfy the steam demand and a 
third boiler in hot-banked mode.

Eliminate Hot Banking

Operating a third boiler in hot-bank mode has a cost of $14,779.00 annually. This cost is 
insurance in case one of the operating boilers fail. The economics of this cost compares to the 
impact or lost production costs. The root of the problem however is perceived lack of reliability of 
the operating boilers. Reviewing historical failures and identifying the failure modes of the boilers 
is necessary to improve the reliability of the operation.

Feedwater System

The current feedwater system has the approach of a single pump for a single boiler. A series 
of solenoid valves permit various pumps to supply other boilers but the system is overly 
complicated. Each boiler currently has point level water control. These floats signal the feedwater 
pump to cycle on to deliver the required water until the float is satisfied and the pump shuts off.

The preferred approach is a feedwater header system that makes high pressure feedwater 
immediately available to each boiler. Two variable speed feedwater pumps extract water from 
the deaerator and maintain consistent pressure in the supply header. The point level floats on 
the boilers would now actuate the solenoid valve to allow water to flow into the boiler. If the level 
controls on the boilers were upgraded to continuous level control or the boilers were replaced, 
the proposed feedwater system would perform ideal in that setting also.

Deaerator

All deaerators should have a dissolved oxygen test performed annually to ensure the system is 
properly removing corrosive oxygen from the condensate and makeup water.

Mechanically the deaerator should decrease the dissolved oxygen level to under 10 ppb. The 
addition of an oxygen scavenger typically a sulfite will remove the remaining oxygen.
Sulfite and oxygen cannot coexist so residual sulfite is tested in the boiler as illustrated on the log 
sheets.

Non-destructive testing should also be performed on the deaerator to confirm the vessel and 
structural integrity. The pressurized vessel encounters numerous thermal and pressure stress 
cycles that is often aggravated by the corrosive environment of the deaerator.
 
Steam Traps

Steam traps are critical to the successful operation of steam consumers. The recent steam trap 
survey identified nineteen failed steam traps. Failed open steam traps are a loss of energy and 
increase the steam demand on the boilers. Failed closed steam traps prevent the consumer from 
working properly and on drip pockets can create substantial problems with water hammer.



Boiler Plant Optimization - Assessment / Rev. 01
© Cleaver-Brooks, Inc. 2019

15

The proper size and type of steam trap is critical to the operation of any consumer such as heat 
exchangers or air handler coils. Air handler coils are less forgiving due to the low differential 
pressures encountered when the steam inlet modulates. To improve the operation of the steam 
trap population:

•	 Review all steam trap stations for proper size and type
	 •  Ensure each steam trap station has
		  •  Isolation valves on inlet and outlet
		  •  Strainer before the steam trap
		  •  Blowdown valve on strainer
		  •  Check valves when required
•	 Replace or repair all failed steam traps
•	 Test each steam trap at least every 6 months
•	 Blowdown strainer when test steam trap

Safety Relief Valves

Safety relief valves are designed to protect equipment and personnel. The ASME B31.1 code 
specifically mandates where and how safety relief valves must be installed. The discharge piping 
must be free from the relief valve and a method must be provided to drain any liquid in the outlet 
away from the relief valve seat. To ensure the relief valve will work when required, it should be 
tested or replaced every 2 years. A survey of all relief valves should be done to collect the data 
for each valve and evaluate for proper installation.

Boiler Upgrades

There are numerous opportunities to improve the operation and thermal efficiency of the boiler 
plant including:

•	 Conventional economizers
•	 Controls upgrades including parallel positioning and O2 trim
•	 Lead-lag master panel to optimize the operation of multiple boilers
•	 Boiler water level modulating control
•	 Conductivity control for blowdowns
•	 Blowdown heat recovery

Each of these options was presented by the Cleaver-Brooks representative.

Table 1. Boiler Information

No Tag Description Serial No. Model Date

1 B01001 Boiler #1 – Cleaver-Brooks L-12437 CB 200-200 2/17/1971

2 B01002 Boiler #2 – Cleaver-Brooks L-12436 CB 200-200 2/1/1971

3 B01003 Boiler #3 – Cleaver-Brooks L-12438 CB 200-200 4/8/1989

4 B01004 Boiler #4 – Cleaver-Brooks L-12439 CB 200-200 1/8/1988

ABC Company Boiler Summary
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The boiler nameplate information is shown in Table 1. Boiler No. 2 has failed and will require 
replacement or extensive repairs. Boilers No. 1 and 2 are 44 years old while Boilers No. 3 and 
4 are 26 years old. The decision to repair or upgrade a boiler is a difficult one and depends on 
many factors.

Review the maintenance costs carefully. The current boilers are costing money in various ways, 
including emergency maintenance, downtime, major maintenance requirements (past and 
pending), difficult–to–find and expensive parts, operator time in keeping the unit on- line, and 
overall vessel, burner, and refractory problems. Many of these costs can be hidden within the 
overall maintenance budget.

New packaged firetube boilers have much higher performance standards than older design 
units. Guaranteed high efficiency, high turndown, accurate and repeatable air to fuel ratio burner 
control, programmable boiler controls, automatic fuel changeover, automatic excess air trim, 
ultra low emissions technology, and connectivity to building automation systems are available on 
premium packaged firetube boilers. The result is automatic boiler control with lower operating 
costs for your facility.

Economic thresholds are different in various plants such as simple payback or rate of return. 
Taxes and depreciation also have impact on new equipment versus repairs or upgrades to older 
equipment. Table 2 outlines the opportunities identified in this report.
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Table 2. Opportunities

BOILER PLANT OPTIMIZATION - OPPORTUNITIES

Opportunity Priority Estimated 
Savings

Estimate 
Cost Payback Note:

Eliminate Hot Banking 3 $14,779 $0 0.0

Reviewing historical failures and 
identifying the failure modes of the 
boilers is necessary to improve the 
reliability of the operation.

Install feedwater header 
system 2 $169,765

Two variable speed feedwater pumps 
extract water from the deaerator and 
maintain consistent pressure in the 
supply header. The point level floats 
on the boilers would now actuate the 
solenoid valve to allow water to flow 
into the boiler.

Have dissolved oxygen 
test performed on the 
deaerator

2 $0 $0
Mechanically the deaerator should 
decrease the dissolved oxygen level 
to under 10 ppb.

Perform non-destructive 
testing on the deaerator 
vessel.

2 $15,000

The pressurized vessels encounter 
numerous thermal and pressure stress 
cycles that is often aggravated by the 
corrosive environment of the deaerator.

Implement steam trap 
management program. 
Repair/replace the failed 
steam traps and evaluate 
all steam trap stations 
for proper sizing and 
installation

3 $22,000 $63,000

Savings is estimated as the total 
losses for failed steam traps. The 
costs also include an estimate 
to repair the deficient steam trap 
installations.

Evaluate all safety relief 
valves and develop plan 
to remedy deficient 
installations. Implement 
testing plan also.

1 Safety relief valves protect equipment 
and personnel.

Install conventional 
economizers on each 
boiler. Replace the stack 
also.

4 $7,556 $55,420 7.3

Must be factored 
into consideration 
of boiler 
replacement plan.

Typical 
improvement of 
2-4%
on boiler 
efficiency.

Install advanced 
controls, parallel 
positioning, and O2 trim

5 $17,460 $200,030 11.5
Creates 
approximately 
3%
saving on fuel 
expenditures.

Master Panel with Lead/
lag control 5 $3,400 $30,705 9.0

Modulating boiler 
water level control with 
feedwater valve

4 $52,895

Increases boiler 
response time,
decrease thermal 
stress cycles

TDS Conductivity control 
system 4 $27,270

Savings in 
reduced 
blowdown
volume but TDS 
currently high
so plant not 
blowing down
enough

Total $65,195 $614,085
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CONCLUSION

Thank you for inviting the Cleaver-Brooks team into your plant to conduct the boiler plant 
assessment. In particular, Cleaver-Brooks would like to thank the plant personnel for assisting 
the team and answering all questions.

If you would like additional information on any of the topics discussed in this report, please 
contact the assessment team: Cleaver-Brooks will be happy to help you.

This report was created by Cleaver-Brooks utilizing its proprietary intellectual property. This report, including all of its 
content and recommendations, are the sole property of Cleaver- Brooks. Cleaver-Brooks grants the specific customer 
identified by company name and location on the cover sheet the right to use the report for the purposes set forth 
in the report and only so long as the customer maintains the confidentiality of the report, protects the intellectual 
property contained in the report and does not share the report or its content with any third party without written 
consent of Cleaver-Brooks, Inc.
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ADDENDUM No. 1 - IMPLEMENTATION PLAN

Service Items

The DAs are not achieving temperature as it was noted that the corresponding field temperature 
and pressure measurements were at (205°F and 6-psig). A field service tech visit is required to 
assess the DA spray head internals to ensure that they are atomizing correctly and to understand 
their impact on the lower temperature / pressure relation in the DA. The service tech visit should 
take place on a “down day” so that the DA internals can be inspected.

In addition, The DA vent line should be replaced or upsized in advance of the inspection to see 
if this helps remedy the lower temperatures experienced in the DA. There might be an additional 
cost for the service tech to inspect and facilitate the dispatch of the service tech.

The master panel is not operational and is necessary to properly manage the boilers in a lead/lag 
fashion. Cleaver-Brooks will work with the representative to identify the issues with the system.

Deaerators

Cleaver-Brooks can provide CAD drawings to detail the proposed interconnections, function, 
materials and operation of the existing DA piping arrangement vs. the proposed DA piping 
arrangement. However, to prepare such a drawing package and related scope, it would take 
additional engineering resources.

We propose to connect the feedwater pump inlet manifolds so that the manifold can be fed from 
either deaerator and then make a single feedwater header with the VFD pumps. The VFD pumps 
will maintain the desired pressure in the header at all times. Feedwater valves at the boilers open 
to allow feedwater into the boiler to satisfy the level controller.

Some of the pumps may not be required and these pumps could be used as spares potentially. 
For the remaining pumps that would be in operation, each would require a VFD if there is no VFD 
in place. Below are markups on the P&ID prints outlining these changes.
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Figure 1 P&ID Mark-up & Proposed Changes to DA Piping

If additional drawing information is required, we can prepare Additional P&ID drawings detailing 
this area based on the existing configuration and include the “new” proposed configuration at 
some minimal charge. For the new drawings we can also include additional materials such as 
continuous level control devices.

Economizers

The economizer model number selection will depend on the direction determined from the 
additional analysis of the make-up water percentages. It is estimated that the make-up water is 
80%, but it has not been validated. One of the first things is to install a makeup water meter in 
order to understand the amount of makeup water and to determine if a condensing economizer 
can be used to preheat the makeup water. This will then tell us which economizer configuration 
option would be “better suited” for this application. Additional analysis is necessary to determine 
the optimum approach for the Economizer options as noted in the three (3) options below:

Option 1: individual feedwater economizers
Option 2: common two-stage, C2X (Condensing Economizer)
Option 3: individual two-stage units, C2X (Condensing Economizers)

Continuous Level Control

Any of the economizer options will require continuous level control regardless of the economizer 
selection. This includes a continuous level controller at the boiler such as the Level Master and a 
feedwater inlet control valve. The Level Master and control valve was not included in the report.
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Condensing Economizers

Additional auxiliary equipment would be required with the condensing economizer option. For the 
condensing economizer option (Option 2), the economizer would be set-up to operate only one 
boiler at a time.

Based on the Phase 1 Assessment, only one (1) 800HP boiler is required to meet the demand 
of the facility even when there are surges in steam load demand. To get the full benefit of an 
integrated boiler system, the lead / lag controls would have to be operating in conjunction with 
the proposed condensing economizer and the proposed damper (boiler selection by-pass) 
system.

Cleaver-Brooks can send a typical arrangement drawing for the condensing economizer 
systems. However, for the facility the proposed systems would be “application specific” and 
would require some minimal and additional engineering consideration with supporting drawings. 
This drawing scope was not included in the report. However, Cleaver-Brooks can provide 
additional drawing support if required and prepare a proposal for this system once the make-up 
water amount is determined and if Option 2 is selected.
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ADDENDUM No. 2 - IMPLEMENTATION PLAN, Part II

Condensing Economizer (C2X) Selection

At the request of ABC Company Engineers in Somewhere, US, the Boiler Plant Optimization 
Team has been asked to recommend the “best” option for selecting the two-stage, C2X 
Condensing Economizer system for the facility’s boiler room.

Both options consisting of either: A) single-common C2X 2-Stage Economizer that would be 
installed in a common duct work assembly to service both 800HP boilers, or B) the alternate 
option consisting of installing two (2) C2X 2-Stage Economizers that would be installed on each 
800HP boilers are optimized solutions toward reaching higher sustainability mile-stones and 
reducing the overall energy operating costs. However, installing a dedicated C2X Condensing 
Economizer on each boiler would require less customization.

The customization aspect of a single- common C2X Condensing Economizer would require 
additional time and upfront engineering analysis and an additional overall cost in determining 
the specifics of the equipment for operating a single common economizer unit. Additional 
equipment is required such as a platform to support the unit, duct piping, dampers, and controls 
to manage the flue gas stream depending on which boiler is operating. Therefore, selecting the 
option of a dedicated two-stage (C2X) Condensing Economizer for each 800HP firetube boiler is 
recommended. The model selection is C2X-2S3C6AL for each 800HP boiler. But, this should be 
verified during the analysis.

Figure 7 below illustrates a General Arrangement of an economizer system with additional 
supporting structure for a vertical flow unit. Additional engineering analysis, stack-up height 
evaluation and structural analysis would be required (by-others).

Figure 2 General Arrangement
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Condensing Economizer, P&ID and Comments

Figure 8, below illustrates a typical P&ID drawing for a two –stage Condensing Economizer (C2X) 
similar to the system that is being proposed for each of the 800HP boilers at the facility. The 
facility already has level control on each 800HP boiler, VFD on selected feedwater pumps, high 
make-up water (approximately 80%) and a fairly constant steam load making this selection ideal 
for the facility.

Figure 3 Typical Piping Diagram, Condensing Economizer
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Estimated Cost of Installation Condensing Economizer (C2X) Selection 

The estimated cost of installing a 2-Stage Economizer (C2X) turn-key on each 800HP boiler 
including labor is XXXXXX. The total cost for two (2) would be XXXXXX. In order to calculate the 
total savings benefit, the total make-up water percentage needs to be determined, or it has to be 
agreed that the 80% make-up water percentage is a valid number for the analysis. It is planned 
that the makeup water traverses through the condensing economizer section and is further 
heated in the blowdown heat recovery unit. The piping arrangement and connections must also 
be defined to ensure the maximum heat is recovered from both units.

Installing the two (2) make-up water meters is highly recommended. The meters should be 
installed down-stream of the water softeners. Further, understanding the make-up water 
percentage will help to understand and improve the management of cost of chemicals. The 
estimated cost of installing the make-up water flow meter including labor is XXXXXX. The total 
cost for two (2) would be XXXXXX.


