
Abstract 

 

GIBIDES, JUSTIN TYLER. An Evaluation of the Losses and Costs Associated with Coal 
versus Natural Gas Firing at Hanes Dye and Finishing, Winston-Salem, North Carolina.  
(Under the direction of Dr. Herbert Eckerlin.) 
 

 Due to decreasing production and rising coal prices, the engineering and management 

staff at Hanes Dye and Finishing in Winston Salem, NC have been investigating a switch 

from their current coal-fired boiler to a cleaner, more efficient natural gas boiler for a number 

of years.  For this purpose, a detailed study of the parasitic losses and costs of the current 

boiler operation is warranted, as well as comparable information on a replacement natural gas 

boiler system.  The Miura brand of boilers is commonly used for this application, and a 

system of 6 small boilers of similar size was tested at another textile facility in North 

Carolina.      

 

 A study of the current coal-fired boiler yielded a total thermal efficiency of 77.78%, 

due to stack loss, carbon contained in ash, radiation loss, sootblowing, and blowdown.  This 

efficiency was considerably less than a comparable Miura (natural gas) system which has a 

total thermal efficiency of 81.91%.  In addition, the auxiliary costs involved with boiler 

operation, such as fuel storage and handling, refuse handling, maintenance, labor, and 

environmental compliance are over $300,000/year more with the current coal-fired boiler 

than the Miura natural gas-fired boilers. 

 

 Despite these large differences in parasitic losses and costs, coal is still by far the 

cheaper fuel to fire, based on fuel prices.  Coal at Hanes was purchased for an average of 

$121.53/ton in 2008 ( roughly $4.18/MMBTU), compared to $10.25/MMBTU for natural 

gas.  Altogether, the current boiler operation costs roughly $1,000,000 /year, while a similar 

Miura system would cost about $1,600,000/year.   

  



 While it is not currently economical to switch the boiler operation to natural gas, 

future factors such as fuel price volatility and increased environmental legislation could make 

coal more expensive to burn than natural gas.  Therefore engineering analysis and economic 

tools are provided to assist Hanes Dye and Finishing in updating their costs yearly and 

making an educated decision on whether to switch to natural gas.
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CHAPTER 1 -  Background and Purpose of Study 

 

1.1 - Introduction 

 

The subject facility for this thesis is Hanes Dye and Finishing facility, located in Winston-

Salem, North Carolina.  Hanes Dye and Finishing is a commission finisher of woven and 

nonwoven fabrics.  The facility currently operates coal-fired boilers and is investigating the 

costs and benefits of switching to a natural gas-fired boiler system.  Many hidden and 

auxiliary costs often ignored are present with boiler operation, especially coal-fired boiler 

operation.  As such, a study is warranted comparing the total costs of operating each system 

(coal versus natural gas), and investigating the possible benefits of switching to natural gas.  

 

1.2 - Fuel Background 

 

When installing a steam generation system, the choice of fuel is an important one.  It not only 

affects things like emissions and waste disposal, but the whole boiler system, including how 

large the boilers should be, how the fuel is fired, and what auxiliary equipment is required to 

get the most out of the fuel.  Cost of the fuel is usually the first and most important 

consideration to plant personnel, but there are many other factors that should influence the 

fuel choice decision. 
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1.3 - Coal 

 

Coal is the most prevalent fuel used in steam production in the United States and is usually 

the least expensive per unit of energy [1].  Transportation costs are often low if coal is mined 

in the region.  Despite its low cost, coal is cumbersome to handle and to burn cleanly.  

Choosing coal involves installing storage and handling facilities, and arranging deliveries.  

Depending on the firing method, firing coal may require proper preparation before firing, like 

crushing or pulverizing.  After the coal is burned, additional work is needed with ash 

collection and disposal, dust collection, and soot blowing may be required[1].  More detail on 

components of a coal-fired boiler is provided in Chapter 4.   

 

Coal quality and composition can vary greatly, and as such, fuel analysis is often provided 

with coal delivery.  There are two classifications of coal analysis – either “as-received” or 

“dry basis”.  The “as-received” analysis of a fuel represents the actual proportions of the 

constituents in the fuel sample as it is received at the laboratory.  One issue with this is the 

variable moisture content in the coal, as moisture levels can change during transport or even 

during storage at the facility.  As such, coal analysis is also provided on a “dry basis” where 

percentages are calculated with respect to dry coal[2].  Calculations to convert to a dry basis 

are made as follows: 

 

Percent dry 
percent as received x 100
100 –  percent moisture                                       1.1  

    

 

For the purpose of this study, three numbers in a coal analysis are particularly relevant: 

percent ash, percent sulfur, and the heating value, expressed in BTU/lb.  The most important 
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number to a plant is the heating value, since it represents the maximum amount of energy the 

plant can get out of the pound of purchased coal.  Ash and sulfur content are also important, 

because of their effect on cold-end corrosion and emissions.  More information on emissions 

and regulations can be found in Chapter 5. 

 

 

 

1.4 - Natural Gas 

 

Natural gas provides nearly the opposite costs and benefits of coal.  In recent years, gas has 

become much more expensive, closely tracking the price of barrel oil[3].  However, it 

remains one of the cleanest burning fuels.  Facilities often have an existing natural gas 

pipeline to the plant, which can be used to provide natural gas to the boilers without the need 

for storage, preparation, or handling.  In addition, because it is cleaner, it avoids the need for 

ash-handling equipment and soot blowers[4].  Without ash deposits and erosion concerns, 

natural gas-fired  boilers are typically smaller and can sometimes achieve higher efficiency.  

The only drawback to natural gas is that it cannot be stored, so if fuel supply is interrupted, 

another fuel must be available to keep the plant running.  Usually, this alternate fuel is No. 2 

fuel oil, which requires a reserve fuel oil tank and separate piping to the boiler.  The ease of 

handling and low emission characteristics make natural gas the fuel of choice and therefore 

drive up its demand and price in the market. 
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1.6 - Fuel Cost Volatility 

 

A major factor in any study involving fuels is fuel cost volatility.  Given the recent spike in 

energy costs across the spectrum, fuel price forecasting is becoming an important factor in 

evaluating options in the fuel selection process.  The following chart shows the variation in 

coal pricing during 2008. 

 

 

 
Figure 1.1 - Price of Coal at Hanes Facility for 2008 

 

The weighted average price of coal over 2008 at Hanes was $121.53/ton, which translates to 

a cost of $4.18/MMBTU, given an average higher heating value of 14,530 BTU/lb-coal.  The 

increasing price of coal, along with decreased production and steam demand, has led Hanes 

to recently examine the economics of switching to natural gas.  Unfortunately, the price of 
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natural gas in recent times has spiked as well, following the trend of oil prices.  Figure 1.2 

below shows the wellhead natural gas price for the last 10 years at Hanes. 

 

 

 
Figure 1.2 - Wellhead Natural Gas Price Analyzed Over the Last 10 Years 

 

 

The trend in natural gas price is upward, but it is by no means steady.  The volatility of 

natural gas prices makes any investment toward that fuel a risky proposition.   

 

Due to the large fluctuations in the price of natural gas in recent years, the parent company of 
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more in the long run, but provides more stability in knowing what the price of natural gas 

will be next week and even next month.  The following figure (Figure 1.3) shows the “settle” 

price for natural gas over the last few years, as well as the hedge price that Hanes has paid. 

 

 
Figure 1.3 - Graph of Recent “Settle” and “Hedge” Prices for Natural Gas at Hanes 

 

You can see that over 2007 and 2008, the hedge price was $8.25/MMBTU.  This price was 

actually cheaper over 2008 than the settle price (average $9.04/MMBTU), as gas spiked well 

above $12.00/MMBTU.  Factoring in local transportation costs and fees, the total average 

price of natural gas for 2008 was $10.25/MMBTU. 
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In order to give a long-term perspective on the trends of energy prices, the following chart 

shows historical energy prices over the last 30 years, as well as forecasts for the next 20 years 

for Crude Oil, Electricity, Natural Gas, and Coal. 

 

 

 
Figure 1.4 - Graph of Past Energy Prices and Future Projections[3] 

 

It is important to note that the prices shown above reflect source-based prices, and do not 

include various transportation costs, taxes, and other surcharges.  This is simply meant to 

give a comparative view of general trends in energy prices.  One important observation 

within the data is the expected percent rise in fuel costs between 2008 (current price) and 

2030 (projected price).  For coal, the projected increase in price is just 4.3%, while for 
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natural gas, the projected increase is 48.6%.  In fact, the price fluctuation of natural gas 

follows closely with the price of oil.  Much of the reason for this is the source of the fuel – 

natural gas is obtained as a byproduct of oil drilling, and as such, is tied to the price of a 

barrel of oil.  Also, many users of natural gas have “interruptible” service, which allows them 

to burn natural gas or fuel oil, depending on which is cheaper.  This pits the two fuels against 

one another in competition.   

 

Coal appears to be much more stable, both in the past and in future projections.  In addition 

to the many factors which affect the worldwide price of oil or natural gas, the pipelines 

which bring natural gas from drilling platforms to on-shore processing facilities are subject to 

damage from hurricanes and other natural disasters.  Coal is mined almost exclusively in the 

heart of the United States, so production can be scaled to meet demand, transportation is 

accomplished by rail, and there are fewer variables affecting its overall cost.   
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CHAPTER 2 -  Current Operation 

 

2.1 – Facility Process Description 

 

The process of dyeing and finishing involves a significant amount of steam and hot water, 

necessitating large boilers capable of producing many thousand pounds of steam per hour.  

 

First, the greige, unfinished, fabric is received at the plant where it stored and prepared for 

processing.  The fabric goes through a hot bleaching process, where it is fully wetted and 

saturated with the appropriate bleach chemicals, and then fed into a steamer with a saturated 

steam environment around 200 degrees.  After the steamer, the fabric is washed several 

times, dried on direct contact steam heated drying cans and folded into special transfer boxes 

to go on to further processes such as dyeing or final finishing. 

 

Next, the fabric is dyed to a specific color by applying dye by a pad method with any 

required chemicals at that time.  The fabric is steamed, washed several times and dried on 

steam heated direct contact dry cans. 

 

The final step of the process is fabric finishing, where another set of chemicals is padded 

onto the fabric, the fabric is predried, and then pulled to the correct width and heated to the 

appropriate temperature to fully dry/cure the fabric.   The fabric is then cut to the correct 

length and taken for inspection, cutting, wrapping and shipping.  
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2.2 - Current Boiler Operation 

 

When the facility was built, coal-fired boilers were chosen to produce steam.  This decision 

was influenced by the low cost of coal.  The plant currently has three coal-fired boilers on 

premises, rated at 40,000 lb-steam/hr (Coal #1), 40,000 lb-steam/hr (Coal #2), and 75,000 lb-

steam/hr (Coal #3). 

 

Table 2.1 - Hanes Coal-Fired Boiler Nameplate Information 

Boiler Name Coal #1 / F-1217 Coal #2 / F-2360 Coal #3 / FP-3098 

Manufacturer Babcock & Wilcox Babcock & Wilcox Babcock & Wilcox

Year Made 1947 1954 1967 

Steam Capacity 40,000 lb/hr 40,000 lb/hr 75,000 lb/hr 

Operating Pressure 135 psig 135 psig 135 psig 

Temperature Saturation Saturation Saturation 

 

Figure 2.1 below shows the boiler stack at Hanes, which was originally designed to exhaust 

flue gas from all three coal-fired boilers. 
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Figure 2.1 – Coal-Fired Boiler Stack at Hanes 
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In the past, the facility would run multiple boilers, or switch between boilers when 

maintenance was needed on one of them.  Because of decreasing demand for the product, 

steam demand has decreased as well, such that only one of the three boilers has to be fired.  

The facility engineers determined that the 75,000 lb-steam/hr (Coal #3) boiler was the most 

efficient and should be operated whenever steam is needed.   

 

 

Coal that Hanes receives is periodically tested by Standard Laboratories, Inc.  A listing of 

average coal analyses from Hanes is provided below (also shown in Appendix A): 

 

Table 2.2 – Results of Coal Analysis for Hanes 

Coal Analysis Summary Average Content 2008 

Energy Content (BTU/lb) 14,530 BTU/lb 

Sulfur (%) 0.58% 

Moisture (%) 3.48% 

Ash (%) 4.39% 

Sulfur Dioxide (lb/MMBTU) 0.8 lb/MMBTU 

Chlorine (% Dry Basis) 0.02% 

 

 

The sample analysis provided shows that the facility is getting good quality West Virginia 

bituminous coal, with an average heating value of 14,530 BTU/lb, average sulfur content of 

0.58%, and an average ash content of 4.39% over a one year period. 
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The following chart is provided to show the facility’s coal deliveries in 2008.  Note that coal 

is only used in the boiler, so coal shipments correspond directly to boiler fuel usage. 

 

 

 
Figure 2.2 - Amount of Coal Delivered to Hanes by Month 

 

From conversations with Hanes staff, the current steam demand for production load is fairly 

constant at 30,000 lb-steam/hr.  The boiler is also used to provide steam for plant heating in 

winter.  This adds an extra 15,000-20,000 lb-steam/hr demand during the winter months.  To 

meet the production and plant heating needs in winter, the boiler system must be capable of 

generating a peak capacity of 55,000 lb-steam/hr.  Using these numbers as a guide, Figure 

2.2 below shows the general trend of average steam demand at the facility. 
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Figure 2.3 - Estimated Steam Demand for a Typical Year 

 

It should be stressed that this figure was created by using estimates from plant personnel on 

boiler loads throughout the year.  Summing the monthly steam demand over the number of 

operating hours (integrating over steam demand) should give the total steam production for 

the whole year, and this number was used to check the estimates and provide more validity. 

 

It is clear from Figure 2.2. that Coal #3 is more than suitable for current steam production, 

and actually produces less than half of its rated load over much of the year.  This will be 

important when discussing radiation losses in Chapter 4. 
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2.3 – Current Production Schedule 

 

In the past when business was thriving, Hanes ran a 3-shift operation, 7 days a week.  This 

explains the need for three large coal-fired boilers.  As business declined, Hanes started to 

gradually reduced the number of production lines operating at a time, and the number of 

operating days per week.  For 2008, Hanes had scaled back to 24 hours a day, 3 days a week, 

operating only a few production lines.   

 

One of the reasons for continuing 24 hour operation is to limit the number of startups and 

shutdowns of the boiler(s).  Every time a boiler is started up, the water and air inside needs to 

be heated to full operating temperature.  This takes time and energy.  It also affects the life of 

the boiler due to thermal expansion and contraction with heating and cooling.  A boiler is 

optimally designed to run at full load, 24/7.  By operating 24/3, the boiler is only subjected to 

one “cold start” a week. 

 

The facility recently (April 2009) has cut production further and will now only operate 10 

hours a day, 4 days a week.  For the purposes of comparison, this study will use 2008 data 

throughout and assume the 2008 production schedule (24/3).  Additional information on 

moving to a one-shift operation is given in Chapter 9. 
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2.4 – Current Energy Prices 

 

As seen in Figure 1.1, the price of coal over recent months has nearly doubled to $160/ton 

delivered.  For 2008, the average price for coal was $121.53/ton, which will be used as a 

basis for this subject study.  This is significantly higher than recent years, and is expected to 

remain high in the near future. 

 

Over 2007 and 2008, the hedge price for natural gas was $8.25/MMBTU.  Factoring in local 

transportation costs and fees, the total average price of natural gas for 2008 was 

$10.25/MMBTU, which will be used as a basis for comparison. 

 

The Hanes facility is currently under Duke Energy’s Rate Schedule I service, which charges 

a flat demand charge of $2.94/kW, with a tiered kWh electrical charge, based on the ratio of 

energy and demand.  Using electrical bills from 2008, it was determined that the average 

energy charge was $0.048906/kWh.  This will be used to determine any electrical costs in the 

study. 

 

Figure below shows the electrical costs for 2008. 
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Figure 2.4 – Hanes 2008 Electrical Cost 

 

 

2.5 – Current Boiler Setup 

 

A rough sketch of the current boiler setup is provided below in Figure 2.3. 
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Figure 2.5 - Stoker Coal-Fired Boiler Sketch 

 

Fuel enters the boiler through the hopper and spreader mechanism onto the stoker, which is a 

grate that slowly rotates on a chain to allow coal to be burned and the resulting bottom ash to 

be deposited into the ash hopper.   
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Air is brought in by the forced draft (FD) fan and moves up into the combustion chamber, 

where it mixes with fuel and combusts to form hot combustion gases.  These hot combustion 

gases then pass by a series of tubes containing water, heating them and creating steam.  The 

combustion (flue) gases are pulled into the baghouse by the baghouse fans, where the air is 

pushed through a series of filters to eliminate most particulates and remaining fly ash from 

the gases.  The induced draft (ID) fan then pulls the air out of the baghouse and up into the 

stack, where it cools and exits into the atmosphere. 

 

Water is brought into the boiler into the mud drum, where flue gases pass across the series of 

water tubes and turn the water into steam.  This steam rises into the steam drum, then travels 

out to any necessary process.  Any steam that is not returned in the form of condensate must 

be made up by additional water brought in.   
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CHAPTER 3 -  Boiler Efficiency 

 

A major factor in evaluating the cost of any steam-generation system is efficiency.  Boiler 

efficiency can be calculated in a two different ways, with benefits and limitations to each. 

 

3.1 - Direct Method 

 

The first way to calculate boiler efficiency is by the direct method, where efficiency is 

defined as the heat absorbed by the water divided by the heat in the fuel fired[5].  As an 

equation, this is represented by: 

 

DM Efficiency, %
Heat Absorbed by Water 

Heat of Fuel Fired    100                              3.1  
 

DM Efficiency, %  
  –    

 HHV   100                                                           

 
where 
    = mass rate of steam flow =  – , lb/hr 
    = mass rate of fuel flow, lb/hr 
    = enthalpy of steam leaving boiler, BTU/lb 
    = enthalpy of feedwater entering boiler, BTU/lb 
  HHVf  = higher heating value of fuel, BTU/lb 
 

One benefit of the direct method is the ease of calculation.  All the values above can be 

accounted for in normal boiler operation, assuming they are measured.  The measurements 

required to calculate efficiency using the direct method are determined from input and output 

conditions, namely: 
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Feedwater entering boiler, 

 1)  flow rate =  =  (assumed) 

 2)  temperature = Tfw 

 3)  pressure  = Pfw 

 

For steam leaving boiler, 

 1)  temperature = Ts 

 2)  pressure = Ps, or quality = Xs  

  [Note: Many industrial boilers generate saturated steam.] 

 

For fuel entering boiler, 

 1)  flow rate =  

 2)  temperature = Tf 

 3)  pressure = Pf 

 4)  higher heating value of fuel = HHVf 

 

For the existing coal-fired boiler at the Hanes facility (Coal #3), the fuel flow rate could not 

be accurately determined, thus making the application of the Direct Method impractical.  

This is very common for small coal-fired boilers. 

 

The direct method of computing boiler efficiency requires good flow measurement.  The 

accurate determination of heat input and heat output requires the use of sensitive flowmeters, 

which are usually not found on boilers in an industrial setting.  It follows, therefore, that any 

test resulting from the use of these instruments can be no more accurate than that of the flow 

measurements.  In industrial settings where more accurate boiler efficiency measurements are 

needed, an alternate procedure is needed to determine boiler efficiency. 
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3.2 - Indirect Method 

 

Due to the inherent limitations of the direct method, it is now common practice to determine 

boiler efficiency in an industrial setting by the indirect method of heat-loss measurement[5], 

defined as follows: 

 

IM Efficiency  
HHV Losses

HHV 100                                                         3.2  

 

IM Efficiency  
BTU

lb
BTU 

lb
BTU

lb
100                                        

 

IM Efficiency  
BTU

lb
BTU

lb
 
BTU 

lb
BTU

lb
100 

 

IM Efficiency 100 Losses, %                                                                             

 

 

Some of the losses and costs associated with this method include[4]: 

 

- Heat loss associated with the hot flue gases passing to atmosphere via the stack 

(stack loss) 

- Heat loss associated with unburned combustibles (CO, CH) 

- Heat loss associated with carbon in fly ash and bottom ash 

- Heat loss associated with blowdown 



 23

- Heat loss associated with radiation and convection losses from the boiler casing, 

ducts, and piping 

- Heat loss associated with soot blowing 

- Heat lost due to unreturned condensate (heating additional makeup water) 

- Cost associated with water treatment 

- Cost associated with fuel additives (if used) 

- Cost associated with fuel storage (coal pile, coal bunker) 

- Cost associated with corrosion and maintenance 

- Cost associated with fuel preparation, such as coal transport, pulverization 

 

Of these, the stack loss is dominant.  Stack loss is affected primarily by four variables: 

 

 1)  Stack temperature – the temperature of the flue gases leaving the last point of heat 

  recovery 

 2)  Air temperature – entering the boiler system 

 3)  Excess Air – the amount of air above and beyond the theoretical air required to 

  completely burn the fuel 

 4)  Characteristics of the fuel itself 

 

Most other losses listed above are categorized as parasitic losses, and will be discussed in 

more depth in Chapter 4.   
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3.3 - Stack Loss 

 

Since perfect fuel-air mixing cannot occur in the real world, some additional air (called 

excess air) must be introduced to ensure complete combustion.  Because this excess air 

moves through the boiler and carries with it the heat from combustion, it is a major source of 

efficiency loss.    Practically, clean efficient combustion is a balance between operating as 

close to stoichiometric as the burner will permit, yet providing sufficient excess air to ensure 

that combustible levels are minimized at all firing conditions. 

 

 

 

The theoretical air curve diagram (Figure 3.2) can provide a pictorial view of this balancing 

act.  Carbon dioxide (% CO2) production should be maximized while ensuring that the level 

of combustibles is at or near zero.  This is because the combustibles in question, namely 

carbon monoxide (CO), not only contains unburned fuel, but can pose a health risk to the 

surrounding area if emitted in large quantities.  Another way of viewing the balance is to 

realize that efficiency losses are going to happen on either side of stoichiometric, but air is 

inexpensive relative to fuel. 
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Figure 3.1 – Theoretical versus Actual Air Curve[4] 

 

In general, target excess air levels should be about 35-40% for stoker coal, and 10-20% for 

natural gas. 

 

Stack temperature and excess air are two of the most important variables to measure on a 

boiler and largely determine the stack loss of the boiler.  The stack temperature is always 

measured directly after the last point of heat recovery.  Because heat transfer surfaces are not 

infinite, the stack temperature will always be higher than the steam temperature on a 

saturated steam boiler without the economizer.  A good rule of thumb for boilers operating at 
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full load is that the stack temperature should be about 100ºF higher than the saturated steam 

temperature at full boiler load. 

 

Economizers and air heaters are often used to reduce stack loss.  These heat traps are simply 

heat exchangers that pre-heat the feedwater or combustion air to the boiler.  While it is good 

to capture as much heat as possible, it is important to keep the stack temperature about 280ºF 

when burning sulfur-laden fuels.  280ºF is the dewpoint of sulfuric acid vapor (H2SO4), and 

below this temperature, the vapor begins to condense out on heat exchanger surfaces.  

Corrosion begins, and within two years, the heat exchanger has to be replaced.  This is called 

cold-end corrosion, and is a problem common to boilers having low stack temperatures 

burning sulfur-laden fuels. 
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3.4 - Stack Loss Calculation 

 

For the Hanes facility, the following data were collected from a flue gas sample: 

 

Table 3.1 - Flue Gas Sample Taken from Hanes Coal #3 

Boiler Load (lb-steam/hr) 42,000 lb/hr 

Flue Gas Temp. (°F) 364°F 

Air Temp. (°F) 60°F 

CO (ppm) 30-50 ppm 

O2 (%) 11% 

Excess Air (%) 95% 

 

 

From the flue gas sample collected, the stack loss is calculated and shown in Table 3.2 

below: 
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Table 3.2 - Stack Loss Calculation for Coal #3 from Flue Gas Analysis[5] 

Data Symbol Units 

Boiler load  lb-steam/hr 42,000 

Flue Gas Temperature  °F 364 

Air Temperature  °F 60 

Carbon Monoxide CO ppm 30-50 

Oxygen O2 % 11 

Excess Air EA % 95 

Factors 

Fuel in Flue Gas F lbm/MMBTU fired 70 

Total Air A lbm/MMBTU fired 1550 

Air in Flue Gas CA lbm/MMBTU fired 1519 

Total Products of Combustion P lbm/MMBTU fired 1589 

Moisture in Air Wa lbm/MMBTU fired 19.75 

Moisture in Fuel, Surface & Inherent Wa lbm/MMBTU fired 2.17 

Water Formed by Combustion of H2 Wh lbm/MMBTU fired 33 

Dry Products of Combustion Pdg lbm/MMBTU fired 1534 

Calculation of Losses 

Loss in Dry Flue Gas Qdg % 11.19 

Loss Due to Moisture in Air QWa % 0.28 

Loss Due to Combined Moisture in Fuel QWc % 0.26 

Loss Due to Moisture From H2 in Fuel QWh % 3.95 

Total Stack Loss (Sum of the Above) % 15.68 

Stack Loss Efficiency % 84.32 



 29

The following intermediate factors were calculated in the stack loss calculation (all in 

lbm/MBTU fired): 

 

F =  Fuel in flue gas (1/HHV of fuel) = 70 lbm / 106 BTU 

A =  Total air  = 1,550 lbm / 106 BTU 

CA =  Air in Flue Gas =  
1,550 lbm

10 BTU . 98  = 1519 lbm / 106 BTU 

P =  Total Products of 
Combustion =  

F + CA  = 1589 lbm / 106 BTU 

Wa =  Moisture in Air =  . 013 CA .013
1519 lbm

10 BTU  = 19.75 lbm / 106 BTU 

Wc =  Moisture in Fuel =  
3 lb
100 lb

lb
14,530 BTU  

= 2.06 lbm / 106 BTU 

Wh =  Moisture from Hydrogen in Fuel  = 33 lbm / 106 BTU 

Pdg =  Dry products of 
combustion  

= P – (Wa + Wc + Wh ) = 1,534 lbm / 106 BTU 

 

 

The heat lost in the dry flue gas is determined from the weight of the flue gas per 106 BTU, 

its temperature and specific heat, and the temperature of the air entering the boiler system. 

 

On a per-pound of fuel fired basis: 

 

 
lb
lb

BTU
lb

BTU
lb                             3.3  
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On a per 106 BTU of fuel fired basis: 

 

 
lb

10 BTU
BTU

lb
BTU

10 BTU               3.4  

 

Heat loss as a percent: 

 

% 10 BTU fired 100  10 BTU                    3.5  

 

For Hanes, the equation becomes 

 

 

% 10 BTU 

1534 lbm
10 BTU 0.24 BTU

lbm 364 60

10 BTU 11.19% 

 

The heat lost due to moisture in the air is determined from the weight of the flue gas per 106 

BTU, its temperature and specific heat, and the temperature of the air entering the boiler 

system. 

 
BTU

10 BTU                                                          3.6  

 

% 10 BTU fired 100  10 BTU  

 

For Hanes, the equation becomes 
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% 10 BTU 

19.75 lbm
10 BTU 0.46 BTU

lbm 364 60

10 BTU 0.28% 

 

The moisture in fuel is in liquid form and must be evaporated and superheated to the 

temperature of the flue gas.  As the latent heat of evaporation and the specific heat of water 

vapor both change with temperature, two empirical equations are given: 

 

1089 0.46  
BTU

10 BTU , for 575              3.7  

1066 0.46  
BTU

10 BTU , for 575  

 

 

Expressed as a percent,  

 

%
1089 .46  

10 BTU 100                                                 3.8  

1089 .46  
10 , for 575  

 

%
1066 0.46  

10 BTU 100                                                            

1066 0.46  
10 , for 575  
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For Hanes, the equation becomes 

 

%
2.06 lbm

10 BTU 1089 0.46 364 60

10                  

% 0.26%                                                                                            

 

 

Water formed by the combustion of hydrogen in the fuel leaves the boiler in the form of 

superheated vapor, and its energy is not transferred to the boiler fluid until the vapor is 

condensed.  However, at normal stack temperatures, condensation does not occur.  Thus the 

energy used to evaporate and superheat this moisture is typically lost. 

 

The equations for calculating this loss are similar to the above equations: 

 

1089 0.46  
BTU

10 BTU , for 575             3.9  

1066 0.46  
BTU

10 BTU , for 575  

 

 

 

Expressed as a percent,  

 

%
1089 0.46  

10 BTU 100                                              3.10  
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1089 0.46  
10 , for 575  

 

%
1066 0.46  

10 BTU 100                                                            

1066 0.46  
10 , for 575  

 

 

For Hanes, the equation becomes 

 

%
33 lbm

10 BTU 1089 0.46 364 60

10                     

% 3.95%                                                                                           

 

 

The total stack loss is computed by adding all of the individual losses computed above: 

 

Total Stack Loss                                                  3.11  

Total Stack Loss  11.19% 0.28% 0.26% 3.95% 15.68%                    

 

According to our original equation, our stack loss efficiency is equal to our total stack loss 

subtracted from 100%, or  

 

Stack Loss Efficiency 100% 15.68%  84.32% 
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CHAPTER 4 -  Analysis of Parasitic Losses and Costs 

 

For many boiler operations, the stack loss efficiency is unknowingly considered to be the 

boiler efficiency.  It is easily computed and represents the dominant loss in boiler operations.  

However, it is important to take into account of other parasitic losses that raise the price of 

operating the boiler system.  Many of these parasitic losses are present in coal-fired boiler 

operation.   

 

4.1 - Radiation Loss 

 

Heat loss from radiation of external boiler casing can represent a significant loss to a boiler 

system.  Radiation heat loss is calculated using the following equation[6]: 

 

                                                              4.1  

where 

 ε = emissivity of surface [unitless] 

 A = area of radiating surface 

 σ = Stefan-Boltzmann constant [5.67 x 10-8 W/m2-K4] 

 Tb = temperature of boiler surface 

 Ta = temperature of surrounding air 

 

It is easy to see that with boilers, the biggest variable in the equation is the surface area of the 

boiler.  Radiation loss, expressed as a percent, is also affected by boiler load.  Since the coal-

fired boiler at Hanes is extremely large and runs only half-loaded, the radiation loss can be 

significant. 
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From the American Boiler Manufacturers Association[7], the radiation loss for a large coal-

fired boiler producing 75,000 lb-steam/hr is about 1% when fully loaded.  When the boiler is 

only producing steam at half-load (which is the normal operation at Hanes), the boiler is 

heated to the same temperature, which means that the same amount of heat is radiated from 

the boiler, except that it is producing only half the steam (see Figure 2.2 for steam demand).  

The radiation thermal loss therefore increases to 2% or more.  A safe estimate of 2% 

radiation loss will be used for the coal-fired boiler, which translates to the following cost: 

 

 Radiation Loss = (2%)*($653,828/yr) 

 Radiation Loss = $13,077/yr 

 

 

4.2 - Blowdown Loss 

 

Chemicals which enter the boiler as part of makeup water are left behind when it is turned 

into steam, leaving deposits which over time can cause scaling or corrosion in the boiler[5].  

To prevent this buildup, continuous blowdown is performed to remove the impurities from 

the boiler water.  In the process of ridding the boiler of this water, thermal losses, chemical 

losses, and water losses result.  Usually, the water treatment company can give an idea of 

what percentage loss is due to blowdown.  For the Hanes plant, blowdown results in a loss of 

about 3%.  That results in the following cost: 

 

 Blowdown Loss = (3%)*($653,828/yr) 

 Blowdown Loss = $19,615/yr 
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This loss does not vary with fuel type, as it is mainly a product of overall steam production 

and condensate return rate. 

 

 

4.3 - Transportation / Storage 

 

The next group of parasitic losses involves the transportation, storage, and handling of the 

coal itself.  Many facilities will pay a separate charge to have the coal delivered in a specific 

way.  Typically, coal is delivered by rail to the nearest location (sometimes right to the 

plant), then trucked the remaining distance.  This additional cost is sometimes included in the 

total fuel cost. Transportation costs may represent the larger portion of the delivered cost of 

coal.  Roughly 75% of the coal is shipped by rail, and the freight costs may amount to as 

much as 60% to 70% of the delivered coal cost[1].   

 

In the case of Hanes Dye and Finishing, the coal price includes delivery by rail.  This brings 

the coal directly to the facility since it is located adjacent to a rail line.  The facility estimates 

that the delivery surcharge could be about $20/ton, which would represent about 16.5% of 

the average coal cost of $121.53/ton.   

 

Figure 4.1 shows the unloading point for coal.  Note the elevated rail, which allows coal to 

drop out under the car, where it is loaded into the coal silos, shown in Figure 4.2. 
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Figure 4.1 - Rail Line and Coal Deposit Site behind Hanes Dye and Finishing 

 

Once the coal is delivered, it must be stored on-site so that it can be used when needed.  

Typically a facility will have a number of silos that are filled from the delivery truck (or 

train), and then used for a constant supply to the boiler (see Figure 4.2).  The cost of storing 

this coal is not only in the property space required, but also in the capital invested to house a 

great amount of coal onsite – capital that is not available for investment elsewhere.  With any 

storage system, a system of conveyors and machines are necessary to fill and unload the 

silos.  These machines each consume electricity, which adds to the cost of operating the 

boiler system.   
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Figure 4.2 – Coal Silo and Storage Site 

 

For the Hanes facility, plant personnel estimate that an average of 350 tons of coal is stored 

on-site at any one time.  As stated above, at a cost of $121.53/ton, this coal represents 

$42,535 tied up in coal storage, which could be invested otherwise.  The accountants at 
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Hanes Industries estimate that the opportunity cost of money that is tied up in some form can 

be represented by a carrying cost of 10%, which includes interest, insurance, storage, 

utilities, and any other associated cost.  The calculation is provided below: 

 

 Average Coal Stored  = 351 tons 

 Average Price of Coal  = $121.53 /ton 

 Opportunity Cost  = (351 tons) * ($121.53 /ton) 

     = $42,535 

 Carrying Cost   = ($42,535) * (10%) 

     = $4,254 /yr 

  

4.4 – Coal Handling and Distribution 

 

For a spreader-stoker coal-fired boiler with a traveling grate, there are also other small 

electrical loads due to related distribution equipment. The modern spreader stoker installation 

consists of feeder-distributer units in widths and numbers as required to distribute the fuel 

uniformly over the width of the grate, specifically designed air-metering grates, forced draft 

fans for both undergrate and overfire air, dust collecting and reinjecting equipment, and 

combustion controls to coordinate fuel and air supply with load demand[1].  The stoker 

mechanism is shown below in Figure 4.3. 
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Figure 4.3 – Coal Stoker for Coal #1 

 

It is often hard to quantify real costs for individual electrical equipment, due to variation in 

load and the necessity to individually log amperage data for each piece of equipment.  At 

Hanes, because their operation runs only 3 days a week, there is a period of time on Sunday 

night when the boiler is fired up in preparation for Monday’s operation, but none of the other 

process-related equipment in the plant is running.  Taking the electrical demand at this time 

on Sunday night can therefore indicate the electrical draw from operating all the primary and 

auxiliary equipment for the boiler alone.  This was measured to be about 250 kW.  The boiler 
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is operated 3,425 hours per year, resulting in the following electrical cost for all auxiliary 

equipment: 

 

 

 Demand Cost = (250 kW) * ($2.94/kW-mo) * (12 mo/yr) 

   = $8,820/yr 

 

 Electrical Cost = (250 kW) * (3,425 hrs/yr) * ($0.0489/kWh) 

   = $41,870/yr 

 

 Total Cost = $50,690/yr   

 

4.5 - Ash Disposal 

 

Another group of parasitic losses involves the various byproducts of burning coal.  The 

biggest of these is ash, which must be removed from exhaust flue gases before they pass out 

the stack and into the atmosphere.  In a typical stoker-spreader coal boiler, both bottom ash 

and fly ash are generated as a result of burning coal.  Bottom ash is ash that collects on the 

traveling grate and is swept into an ash hopper, where it must be manually removed on a 

regular basis.  For industrial boilers, this is usually done by the boiler operator once per shift 

as part of his/her daily maintenance.  Fly ash gets swept up by the combustion gases and 

carried up and out of the boiler to the stack.  To prevent this ash from polluting the 

environment, it must be removed from the flue gas stream[1].  The Hanes facility employs a 

typical baghouse system, which uses a series of fabric filters to trap dust by impingement on 
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the fine filters comprising the fabric.  Figure 4.4 below shows the baghouse area, with 

ducting out the right side for flue gas that has passed through the baghouse. 

 

 
Figure 4.4 – Baghouse Area of Hanes Coal Operation 

 

Ash and dust collect on the filters and must be removed on a regular basis.  After a period of 

time (in this case, 5 years), the baghouse filters have to be replaced.  As with most pollutants, 

the bottom and fly ash must be disposed of.  The facility must pay for ash disposal, usually 

based on a price per ton. 
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For the Hanes facility, most of the expense for ash removal comes in the form of labor, 

which will be discussed later.  For 2008, the cost to Hanes for ash disposal was: 

 

 

 

 

Table 4.1 – Ash Handling Fees for Hanes, 2008 

Bottom Ash (474 tons) * ($23/ton) = $10,902  

Fly Ash (201 tons) * ($20/ton) = $4,020  

Fuel Charge = $4,455  

Rental  = $720  

Total  = $20,097  

 

 

4.6 - Sootblowing 

 

In addition to ash disposal, soot and ash can create problems inside the boiler if they are 

allowed to build up.  Most notably, ash and soot can lower boiler efficiency by fouling heat 

transfer surfaces.  Ash that contains sulfur can also corrode boiler components over time.  In 

order to prevent this buildup, sootblowers are employed which use air or steam to blast away 

ash and soot periodically during boiler operation.  It is important that sootblowing is 

controlled on a tight schedule to prevent undue maintenance costs.  Sootblowers take energy 

to operate, since they use steam from the boiler that would otherwise be used for production.  

The amount of steam used annually for sootblowing is best represented as a percentage of the 

total steam produced. 
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At the Hanes facility, two sootblowers are operated once a day, for two cycles per 

sootblower.  The total time taken to operate sootblowers is approximately 15 minutes.  The 

following calculations were used to determine that amount of steam used by the sootblowers: 

 

It was determined that with 40 nozzles per sootblower, each sootblower uses 300 lb-

steam/min.  Since the total cycle lasts 15 minutes, about 4,500 lb-steam is lost per day.  The 

steam energy lost is: 

 

   –                                                                                                      4.2  
 

4,500 lb
day  1,190 BTU

lb 28 BTU
lb 5.23 MMBTU

day  (steam) 
 
To find the fuel energy necessary to generate this steam, divide by the thermal efficiency of 
the boiler: 
 

f  
.  MMBTU

. %
6.54 MMBTU

day    (fuel) 

 

Coal costs an average of $4.18 /MMBTU, placing the daily cost at $27.34/day.  The boiler 

operated 137 days in 2008, making the total cost $3,745/yr. 

 

In order to determine what percentage of the steam produced is used by the sootblowers, we 

need to know the amount of heat fired in the boiler per day. 

 

f  
  – .

78.29% 24 hrs
day                                                             4.3  
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f
33,370 lb

hr  1,190 BTU
lb 188 BTU

lb
78.29% 24 hrs

day  

f 1,025.01 MMBTU
day                                                                           

 

The sootblowing loss, expressed as a percent of total steam production, is: 

 

Sootblowing Loss, %  
5.23 MMBTU

day
1,025.01 MMBTU

day
0.51% 

 

It should be noted that this percentage is based on the average steam production (33,370 

lb/hr), and the percentage loss will decrease with larger load (winter), and slightly increase 

when the steam demand is lower (summer). 

 

4.7 - Unburned Carbon 

 

Ash carries with it a certain percentage of carbon due to incomplete combustion of the coal.  

For many facilities, the carbon in the ash is simply ignored.  For the subject Hanes study, fly 

ash and bottom ash samples were collected and sent to a private testing laboratory to 

determine the carbon content in each ash stream (see Appendix B).  Any unburned carbon is 

unused fuel and can be represented as an efficiency loss.  The results of the analysis are given 

in the table below: 
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Table 4.2 – Coal Ash Analysis by Standard Laboratories, Inc. 

 (%) As Received (%) Dry Basis

Bottom Ash 

Moisture 0.15%  

Carbon 12.66% 12.68%

Fly Ash 

Moisture 1.17%  

Carbon 22.28% 22.54%

 

 

To find the heat loss from this analysis, we first seek to find out how much unburned carbon 

results from each pound of coal.   We will use the example of fly ash to compute the heat lost 

due to unburned carbon.  Noting that the total refuse consists of ash and unburned carbon, we 

can say that  

 

 

lb
lb

lb
lb

lb
lb                                                               4.2  

 

 

 

The right-hand side of this equation can be re-written as 

 

lbf  

lb
lbf  

lb
lbf  

lb
lb

lbf  
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Re-writing this equation, we find that  

 

lbf  

lb

lbf  
lb

1 lb
lbf  

                                     

lbf  

lb
0.28

1 0.2228                                              

lbf  

lb 0.36 
lbf  

lb                                     

 

We can now solve for our desired variable: 

 

lb
lb

lb
lb

lb
lb                                     

lb
lb 0.36

lb
lb 0.28

lb
lb           

lb
lb 0.008

lb
lb                                    

 

 

 

 

The heat loss due to this carbon can be easily calculated using common heating values 

 

Heat Lost 0.008
lb

lb
lb

14,530 BTU
14,600 BTU

lb 100            4.3  

Heat Lost 0.803%                                                                                        
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The values computed for both fly and bottom ash are given in the table below: 

 

Table 4.3 – Heat Loss Due to Carbon in Ash 

 Bottom Ash Fly Ash

Ash Content 4% 4% 

Carbon in Ash 12.66% 22.28% 

Heat Loss 0.174% 0.803% 

 

The total heat loss due to carbon in the ash is 0.977%, which translates to $6,388/yr. 
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4.8 - Fan Operation 

 

Air and the resulting flue gas are important ingredients in boiler operation that require large 

fans to move it through the boiler system.  In a typical spreader-stoker operation, the boiler 

employs a forced-draft fan to provide primary air for combustion under the traveling grate.  

After combustion, the resulting flue gas is pulled across the heat transfer boiler tubes toward 

the baghouse.  Large baghouse fans then pull the flue gas through the fabric filters and 

toward the stack.  These fans are all powered by electricity that adds to the operating cost of 

the boiler system.  Figure 2.3 shows the movement of air through a spreader-stoker coal-fired 

boiler similar to the ones at Hanes, and is shown below for reference. 
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Figure 4.5 – Stoker Coal-Fired Boiler Sketch 

 
 
Three sets of fans are involved in pushing air through the boiler system.  The forced-draft 

(FD) fan brings in outside air and forces it into the air plenum, which mixes with coal for 

combustion in the furnace.  Two baghouse fans help bring the air into the baghouse and 

through the system of filters.  Finally, an induced-draft (ID) fan pulls air out of the baghouse 

and into the stack, where it enters the atmosphere. 
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Figure 4.5 below shows the induced-draft fan (at center), which pulls air from the baghouse 

(at left) and forces it out the stack (at right). 

 

 
Figure 4.6 – Induced Draft Fan (Center) Bringing Air From Baghouse to Stack 

 

Data was collected for all major fans used in the Hanes facility boiler operation.  The forced 

draft fan, induced draft fan, and two baghouse fans were logged for amperage, with the 

results given in Figure 4.6 below. 
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Figure 4.7 – Power Consumption of Forced Draft and Induced Draft Fans 
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Figure 4.8 - Power Consumption of Baghouse Fans 

 

From this data, we can clearly see that the facility is indeed operating only 3 days a week, on 

Monday, Tuesday, and Wednesday.  The size, type, average power usage, and cost of 

operating the fans used in the boiler is given in Table 4.3 below: 
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Table 4.4 – Cost of Operating Boiler Fans 

Motor 
Size 
(hp) 

Max. Rated 
Power Use 

(kW) 

Average 
Power Use 

(kW) 

Yearly 
Electrical 

Cost 
Forced Draft (FD) Fan 40 29.8 20.7 $4,602 

Induced Draft (ID) Fan 75 56.0 67.2 $14,911 

Baghouse Fan #1 200 149.2 18.1 $4,037 

Baghouse Fan #2 200 149.2 15.9 $3,542 

Total 515 384.2 121.9 $27,092 

 

 

As mentioned in the electrical cost data above, these fans all use electricity to operate, which 

adds to the total operation cost of the boiler system.  Also note that these costs are included 

in the auxiliary electrical cost calculated above. 

 

Another interesting note is that the baghouse fans are not turned off completely while the 

plant is shut down.  After speaking with plant personnel, it was determined that the power 

usage shown on off days is a result of the inverters which transform the 575 volt electricity 

that the plant receives to 460 volt electricity which the fans use.  When the power switch is 

turned off after the inverter, this power continues to be consumed, even when the plant isn’t 

drawing any current.  After examining the data and reaching our conclusions, plant personnel 

are now making a concerted effort to turn off the switch to the fans before the inverter, in 

order to save electricity (and money). 
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4.9 – Feedwater Pump Operation 

 

Another cost that is included in the larger auxiliary electrical costs is the cost to operate the 

feedwater pump to the boiler.  Data was collected for the feedwater pump, with the results 

given in Figure 4.8 below. 

 

 
Figure 4.9 - Power Consumption of Baghouse Fans 
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the end of third shift.  Power usage is slightly greater during the daytime (first shift) than at 

night, suggesting more production at that time. 

 

The cost of the feedwater pump can be found by assuming that the power usage each week 

will roughly model what is given above.  The average power use while operating is 38.16 

kW, which will contribute to demand. The energy use can be found by multiplying this 

average by the number of boiler operating hours, 3,425 hrs/yr.  The cost is given by the 

following equation: 

 

 

 Demand Cost = (38.16 kW) * ($2.94/kW-mo) * (12 mo/yr)            (4.3) 

    = $1,346/yr 

 

 Electrical Cost = (38.16 kW) * (3,425 hrs/yr) * ($0.0489/kWh)            (4.4) 

    = $6,391/yr 

 

 Total Cost = $7,737/yr   

 

Once again, note that these costs are included in the auxiliary electrical cost calculated above. 
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4.10 - Maintenance 

 

As with any part of manufacturing, maintenance is a significant cost in coal-fired boiler 

operation.  Over long periods of time, breakdown of mechanical parts, corrosion due to sulfur 

buildup, and other repairs require large investment of capital to keep the boiler operating.  

These are fairly subjective based on the individual facility, but most facilities with coal-fired 

boilers have to account for bag house maintenance, sootblower refurbishment, coal grate 

replacement, stoker repair, silo repair, and cold-end corrosion leading to tube, duct, and stack 

replacement. 

 

Estimates from Hanes management on periodic maintenance for Hanes boiler equipment is 

given below: 

 

Table 4.5 – Coal-Related Maintenance and Repair Costs for Hanes Facility 

 Cost 
Frequency 
of Repair 

Average 
Yearly Cost 

Soot Silo Top Replacement $25,000 10 years $2,500 

Bag House Filter Replacement $170,000 5 years $34,000 

Coal Duct (#3) Replacement $10,000 5 years $2,000 

Stack Top Section Replacement $10,000 10 years $1,000 

ID Fan Wheel (#3) Replacement $10,000 5 years $2,000 

IF Fan Housing (#3) Replacement $15,000 10 years $1,500 

Total   $43,000 
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This is certainly not an extensive list, but provides a good basis and overall cost estimate for 

maintenance. 

 

4.11 - Labor Cost 

 

Labor costs are a necessary part of any boiler operation, but with all the auxiliary equipment 

necessary for a coal-fired boiler, these labor costs can be higher than for other types of fuels.  

In particular, labor is necessary to dispose of bottom ash and fly ash from the boiler, control 

sootblowing each shift, and maintain all primary and auxiliary equipment. 

 

 

At Hanes, one fireman and assistant are charged with handling all necessary boiler labor 

whenever boilers are in operation.  Altogether, four people are employed to handle these 

jobs.  Their combined annual salary is computed as follows: 

 

 Annual Salary = ($34.04/hr) * (24 hr/day) * (3.25 days/wk) * (52 wk/yr) 

   = $138,066/yr 

 

As with any employee, fringe benefits must be included, and make up part of the total labor 

cost as follows: 

 

 Fringe Benefits = ($138,066/yr) * (25%) 

    = $34,502/yr 
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The total cost for labor on the coal-fired boilers is then 

 

 Total Labor Cost = ($138,066/yr) + ($34,502/yr) 

    = $172,583/yr 

 
 
The sum of the operational costs for Hanes’ coal-fired boiler operation in 2008 is provided in 
Table 4.6 below: 
 
 

Table 4.6 – Total Coal-Fired Boiler Operating Costs 

Operating Costs $/yr 

Fuel Delivery included 

Fuel Storage $3,402 

Fuel Transport included 

Refuse Handling $20,097 

Auxiliary Equipment $50,690 

Maintenance $43,000 

Labor $172,583

Total Losses and Costs $289,772
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CHAPTER 5 -  Environmental Compliance 

 

5.1 - Forsyth County Air Quality Restrictions 

One major concern in any boiler operation is compliance with environmental regulations.  

Boilers are by nature large polluters, and emissions standards have been put in place to 

ensure that air quality is reasonable for the area surrounding the facility.  The Energy 

Information Administration (EIA) estimates that pollutants from coal and natural gas are as 

follows: 

 

Table 5.1 – Pollutant Emissions for Coal and Natural Gas[8] 

Pollutant (lb/billion BTU burned) Coal Natural Gas 

Carbon Dioxide 208,000 117,000 

Carbon Monoxide 208 40 

Nitrogen Oxides 457 92 

Sulfur Dioxide 2,591 1 

Particulates 2,744 7 

 

 

Emissions standards are normally proposed by an agency such as the Environmental 

Protection Agency (EPA), then legislated through the United States Congress for the nation, 

named the Clean Air Act, most recently amended in 1990.  States or counties may legislate 

tighter emissions control over their respective areas if it is found that the federal standard is 

not strict enough.  In order to comply with the Clean Air Act, each state forms a State 

Implementation Plan (SIP), which is an enforceable plan developed at the state level that 
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explains how the state will comply with air quality standards according to the federal Clean 

Air Act. 

 

Forsyth County has its own environmental affairs department which regulates emissions 

from all industrial facilities in the county.  Hanes Dye and Finishing must report to Forsyth 

County all potentially hazardous air pollutants (HAPs) from process equipment and other 

polluting equipment.  Coal-fired boilers are a particularly large emitter of HAPs, especially 

SO2.  According to the EPA’s Clean Air Act, amended in 1990, a facility which has 

uncontrolled potential emissions above 100 tons for any of the following criteria must be 

subject to strict monitoring (Title V permitting): 

 -Particulate Matter (PM10) 

 -Sulfur Dioxide (SO2) 

 -Nitrous Oxides (NOx) 

 -Volatile Organic Compounds (VOC) 

 -Carbon Monoxide (CO) 

 

In addition to these pollutants, a facility is considered to be subject to Title V permitting if 

the total potential hazardous air pollutants (HAP) are greater than 25 tons per year for all 

combined HAPs or greater than 10 tons per year for an individual HAP.  It is important to 

note that all of the measuring of pollutants is on a potential basis, which is what the polluting 

equipment would emit if running 24 hours a day, 7 days a week, 8,760 hours a year. 

 

The fees involved in Title V permitting are substantial.  From speaking with Jeffrey Ebbitt, 

Assistant Program Manager with Forsyth County Environmental Affairs Department[9], 

basic permit fee of $6,500 per year is assessed, in addition to a $3,500 fee for non-attainment 

areas, which includes Forsyth County.  Non-attainment areas are defined by the EPA as 
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counties where air pollution levels persistently have exceeded national air quality standards 

established by the Clean Air Act, and nearby counties whose pollutant emissions contributed 

to the elevated levels. There is also a tonnage factor charge of $25/ton of pollutants.   

 

The largest cost for a facility that falls under Title V permitting is the detailed monitoring, 

bookkeeping, and reporting that needs to be done, called Compliance Assurance Monitoring 

(CAM).  The cost is in the labor, which usually involves hiring a full-time staff person to 

keep track of all emissions, potential and actual, and report to Forsyth County with all the 

necessary paperwork that needs to be completed.  This cost for the Hanes facility is estimated 

at $40,000.   

 

Because of a 6-month delay in reporting, the 2008 charges are assessed based on 2007 

emission levels.  Rather than recording and reporting actual emission data, which would 

require complex monitoring, emission levels are based on potential emissions of the boiler 

and other polluting equipment.  This means that unless the facility contracts with 

environmental authorities to only run their boilers at a certain load or during certain hours, it 

is assumed that the boiler is run at full load (high fire) at all times (24/7).  This makes it 

difficult for a facility like Hanes, where the boiler is running at half load, less than half the 

week.  Actual emission levels are likely well below potential emission levels, and the facility 

is paying much more than if they had a system sized correctly for the production demand.  

Given this information, the potential emissions for Hanes in 2007 (charged in 2008) is given 

in Table 5.2 below: 
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Table 5.2 – Potential Emissions for Hanes Facility[9] 

Pollutant 
Amount 
(tons) 

Particulate Matter (PM10) 0.4 

Sulfur Dioxide (SO2) 124.0 

Nitrous Oxides (NOx) 37.5 

Volatile Organic Compounds (VOC) 36.6 

Other non-PM, non-VOC pollutants 4.0 

Total 202.5 

 

 

 

The total estimated cost for environmental compliance is given in the table below: 

 

Table 5.3 – Hanes Environmental Compliance Costs 

Fee Description Cost 

Title V Reporting Fee $6,500 

Non-attainment fee $3,500 

Tonnage Factor ($25/ton) $5,075 

CAM Costs (Labor) $40,000 

Total $55,075 

 

 

The plant personnel are very confident that if the company makes the switch to natural gas-

fired boilers, the sulfur dioxide emissions will be lowered significantly enough to drop them 

below the Title V restrictions of 100 tons on any one pollutant.  In this case, they would be 
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considered a “small” polluter, and only subject to a fee of $250, plus the $25/ton charge for 

whatever potential emissions remain after the change.   

 

 

5.2 - Possible Future Costs 

 

The United States Congress has recently discussed legislation that would put a price on 

carbon dioxide (CO2) emissions in the United States.  This is most commonly referred to as a 

“Carbon Tax” or “Cap and Trade” legislation.  Given that burning coal inherently produces 

more CO2 than natural gas (77% more based on Table 5.1) due to its chemical composition, 

this could present a large additional cost in fueling the boiler system.   

 

The biggest of these is possible legislation that will put a cost on the emission of carbon 

dioxide into the atmosphere.  Because of the timing of this report, no official number can be 

given to the potential cost of emissions due to burning coal or natural gas.  Most estimates 

are given in dollars per metric ton of carbon dioxide, and from discussions of Hanes 

management with various sources, they have estimated that Cap and Trade legislation could 

put an additional cost of $20/metric ton of CO2.  See Chapter 9 for potential cost estimates. 
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CHAPTER 6 -  Analysis of MIURA boilers 

 

6.1 - Proposed Setup 

In seeking a natural gas-fired replacement for the existing coal-fired boilers, Hanes has 

sought to find a small boiler that can start up quickly and respond to rapid changes in steam 

demand.  As mentioned in the previous chapters, because the coal-fired boiler is not well 

loaded (usually operating at 50% of rated load), radiation losses can become significant. 

 

Smaller boilers are usually “chained” together in a system, using controls to allow for the 

operation of two or more boilers together to meet load requirements.  For example, in a 

system with three 200 HP boilers (6,900 lb-steam/hr each), one can be designated as the lead 

boiler, and operate whenever steam is needed.  When the demand for steam is greater than 

7,000 lb/hr, the second boiler, or first “lag”, starts up and provides added steam.  Similarly, 

when the demand for steam rises above 14,000 lb/hr, the third boiler starts up and provides 

whatever additional steam is necessary.  The advantage to this system is that for any time 

when the plant is operating, you will always have at least one boiler running fully loaded, and 

therefore at maximum efficiency.  By linking together smaller boilers, radiation losses are 

minimized, and production schedule does not have to be dictated by the boilers. 
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Figure 6.1 – Six-boiler Miura System Installed at Viscotec Automotive Products 

 

For the Hanes facility, the minimum steam demand is about 30,000 lb-steam/hr, when no 

plant heating is required and production is normal.  For this demand, about 900 BHP would 

be sufficient.  In winter, when heating is also required, the steam demand increases to 45,000 

lb-steam/hr, necessitating about 1,500 BHP.  Researching the best possible small natural gas-

fired boilers, Hanes has determined that an array of Miura brand of boilers would best meet 

their production specifications.  These boilers come in a variety of sizes, up to 300 HP.   
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Using Figure 2.2 above, which estimated steam demand for the plant, we can match up a 

system of 300 HP Miura boilers and determine how many are needed to adequately meet 

steam demand year-round. 

 

 

 
Figure 6.2 – Number of Miura Boilers Needed to Meet Steam Demand 

 

 

From the estimated steam demand shown above, it is clear that three 300 BHP boilers can 

provide the steam requirement for the majority of the year when heating is not needed.  

During winter months, five 300 BHP boilers can meet the steam demand fairly well.  If the 

steam demand rises much beyond 50,000 lb-steam/hr, a sixth boiler may be necessary.  It 
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should be noted that this graph is derived from average steam demand, which does not 

account for short-term spikes in steam demand. 

 

 
Figure 6.3 – Main steam header at Viscotec for Six Miura Boilers 

 

6.2 - Operational Data 

For any piece of mechanical equipment, trusting vendor data alone for efficiencies may not 

be the wisest approach.  Actual operating data can serve as a check on advertised 

efficiencies.  A system of Miura boilers in textile products has been implemented at Viscotec 
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Automotive Products in Morganton, NC.  The facility manufactures man-made automotive 

fabric, so their process is fairly similar to Hanes.  Data collected from the boilers on site and 

observations from the existing system are presented in the following table: 

 

Table 6.1 – Viscotec Miura Boiler Information 

Boiler Models and Sizes 5-LX300SG, 300 BHP 

 1-LX200SG, 200BHP 

Operating Pressure 65-75 psig 

Load Settings Off - Low Fire - High Fire 

Fuel Primary - Natural Gas 

 Secondary - Propane 

 Rated Efficiency 85% (with economizer) 

Startup Time (cold to full pressure) 5 minutes 

 

 

At the time of the visit to Viscotec, production was low, and only two of the LX300SG (300 

BHP) boilers were operating.  The control system implemented at Viscotec is the same as the 

one proposed for Hanes.  This allows for up to 1,700 BHP of boiler capacity.   

 

Operational data from a stack gas analysis was taken on the two boilers that were operating, 

both LX300SG boilers.  The data collected is given in Table 6.2 below: 
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Table 6.2 – Viscotec Boiler Operational Data 

Boiler Name, Type #5 - LX300SG #1 - LX300SG 

Firing Rate High Fire Low Fire 

Oxygen Content (O2) 0.3% 5.3% 

Excess Air (EA) 1% 29% 

Carbon Dioxide Content (CO2) 11.6% 8.8% 

Air Temperature (Ta) 55°F 55°F 

Stack Gas Temperature (Ts) 314°F 250°F 

Carbon Monoxide Content (CO) 1955 ppm 6350 ppm 

Nitrous Oxide Content (NOx) 57 ppm 12 ppm 

 

The only value that differs markedly with vendor data is the carbon monoxide content in the 

flue gas.  This is most likely due to poor burner tuning, and a burner tune-up is warranted.  

What is important to notice in these results is the low NOx content, as advertised from Miura 

vendor data.  This is a significant decrease from the NOx output of the existing coal-fired 

boilers at the Hanes facility.  More about reduction of NOx output is provided in Chapter 5. 

 

6.3 - Stack Loss 

 

When projecting an actual efficiency for the proposed Miura system at Hanes, it is assumed 

that the boilers will be kept in tune, and CO levels will be reasonable (i.e. under 200 ppm).  

Using the same approach given in Chapter 2, the total stack loss for the Viscotec boilers can 

be calculated as follows: 
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Table 6.3 – Stack Loss Calculation for Viscotec Miura Boilers 

Symbol Units Viscotec #5 Viscotec #1
Data 
Boiler load High-Fire Low-Fire 
Flue Gas Temperature Tg degree F 314 250 
Air Temperature Ta degree F 55 55 
Carbon Monoxide CO ppm 0 0 
Oxygen O2 % 0.3 5.3 
Excess Air EA % 1 33 
Factors 

Fuel in Flue Gas F lbm
MMBTU fired 53 53 

Total Air A lbm
MMBTU fired 749 984 

Air in Flue Gas CA lbm
MMBTU fired 749 984 

Total Products of Combustion P lbm
MMBTU fired 802 1037 

Moisture in Air Wa
lbm

MMBTU fired 10 13 

Moisture in Fuel Wc
lbm

MMBTU fired 0 0 

Water From Combustion of H2 Wh
lbm

MMBTU fired 90 90 

Dry Products of Combustion Pdg
lbm

MMBTU fired 702 934 
Calculation of Losses 
Loss in Dry Flue Gas Qdg % 4.36 4.37 
Loss Due to Moisture in Air QWa % 0.12 0.12 
Loss Due to Combined Moisture QWc % 0 0 
Loss Due to Moisture From H2 QWh % 10.56 10.3 
Loss Due to Unburned CO QCO % 0 0 
Total Stack Loss % 15.04 14.79 
Stack Loss Efficiency % 84.96 85.21 
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As noted in the estimated steam demand chart from Figure 2.2, three 300 BHP boilers will 

usually run fully loaded (high-fire), while a fourth or fifth boiler may have to run at low-fire 

to supplement heating in winter.  Based on this schedule, we can calculate a combined stack 

loss efficiency of 85.03%. 
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Figure 6.4 – Boiler stack for Miura boiler #4 at Viscotec 
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6.4 – Auxiliary Costs 

Parasitic losses are inherent in any boiler system, and natural gas-fired boilers are no 

exception.  For the Miura boiler system, feedwater pumps, fans, radiation losses, blowdown 

losses, maintenance, and labor all contribute costs that must be accounted for in determining 

the total cost of boiler operation. 

 

 

 
Figure 6.5 – Miura Boiler Forced Draft Fan 
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Each Miura boiler is a packaged unit, with feedwater pumps and fans built into each unit.  

Specifically, each 300 BHP boiler has a 7.5 hp feedwater pump and 25 hp forced draft (FD) 

fan.  From data gathered at the Viscotec facility, it was found that the 7.5 hp feedwater pump 

uses 8.6 amps at 480 volts at full load.  The calculation on power usage is provided below: 

 

 Power  = (Amps) x (Voltage) x (√3) 

   = (8.6 amps) x (480 volts) x (√3) 

   = 7.15 kW 

 

The power usage for the FD fan pump is calculated similarly, using 33.5 amps at 480 volts at 

full load: 

 

 Power  = (Amps) x (Voltage) x (√3) 

   = (33.5 amps) x (480 volts) x (√3) 

   = 27.85 kW 

 

The total electrical consumption of the boiler auxiliary equipment is 35 kW per 300 BHP 

boiler at full load.  The challenge is to determine how many boilers will be used at any one 

time.  From our estimated steam demand, given in Figure 6.1 above, we can get a good 

estimate on the parasitic loss of the auxiliary electric equipment.   

 

For demand usage, it was estimated that in any given month, the peak demand would be set 

at a time when boiler usage is a maximum.  Because of this, it is assumed that the peak 

demand would conservatively be the maximum number of boilers used in a given month.  

For example, in November, the average steam usage is about 36,000 lb-steam/hr, which 
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would leave a fourth 300 BHP boiler running partially loaded.  For that month, we will 

assume the peak demand is for four 300 BHP boilers running fully loaded, or 140 kW.   

 

 

 

Table 6.4 – Estimated Miura Auxiliary Equipment Cost 

FW pump FD fan 

No. of 
Boilers 

Boiler 
Hours 

Demand 
(kW) 

Energy 
(kWh) Cost 

Demand 
(kW) 

Energy 
(kWh) Cost 

Jan 5 237 35.75 8,457 $519 139.26 32,944 $2,020 

Feb 5 278 35.75 9,928 $591 139.26 38,674 $2,301 

Mar 4 309 28.60 8,825 $516 111.41 34,377 $2,009 

Apr 3 298 21.45 6,398 $376 83.55 24,923 $1,464 

May 3 309 21.45 6,619 $387 83.55 25,782 $1,506 

Jun 3 298 21.45 6,398 $376 83.55 24,923 $1,464 

Jul 3 267 21.45 5,736 $344 83.55 22,345 $1,338 

Aug 3 309 21.45 6,619 $387 83.55 25,782 $1,506 

Sep 3 298 21.45 6,398 $376 83.55 24,923 $1,464 

Oct 3 309 21.45 6,619 $387 83.55 25,782 $1,506 

Nov 4 298 28.60 8,531 $501 111.41 33,231 $1,953 

Dec 5 216 35.75 7,722 $483 139.26 30,079 $1,880 

Totals 3425 315 88,250 $5,240 1225.46 343,766 $20,413 

Total Cost $25,653 
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6.5 – Other Parasitic Losses 

 

In addition to the auxiliary costs associated with operating the Miura boilers, other parasitic 

losses must also be considered (e.g., labor, maintenance, and environmental restrictions).  

These must be accounted for to provide an accurate comparison of the total operational cost 

of both systems. 

 

The Miura system implemented at Viscotec is very similar in size to the proposed system at 

Hanes, so it is possible to estimate the maintenance cost of the proposed system from costs 

incurred at the Viscotec facility.  Using information gathered from Viscotec staff, there have 

been three feedwater pumps and two forced-draft fans have been replaced since 2002, with 

about $7,000 spent each year in preventative maintenance.  This information is shown in the 

Table 6.5, which details the yearly maintenance cost for the boiler system. 

 

Table 6.5 – Miura Maintenance and Repair Costs 

Maintenance/Repair Cost Frequency of Repair Average Yearly Cost
Preventative Maintenance $7,000 yearly $7,000 

Feedwater Pump Replacement $2,000 2 years $1,000 

FD Fan Replacement $2,000 3 years $666 

Total $8,666 

 

 

Similarly, with labor costs, the Viscotec system can give us a good idea of what to expect 

with the proposed Miura system at Hanes.  The staff at Viscotec estimate that one person 

spends about one hour in a 24 hour day testing and performing maintenance on the boiler 
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system.  The cost for someone at Hanes to perform the same amount of labor would cost 

about $5,000. 

 

The cost of environmental restrictions was discussed in Chapter 5, and is just a $250 permit 

fee for a small polluter, assuming Hanes falls below the NOx restriction levels[8]. 

 

 
The sum of costs for a natural gas-fired boiler system at Hanes in 2008 is provided in Table 
below: 
 

 

Table 6.6 - Total Natural Gas-Fired Boiler Operating Costs 

Operating Costs $/yr 

Fuel Delivery included

Fuel Storage $0 

Fuel Transport included

Refuse Handling $0 

Auxiliary Equipment $25,653

Maintenance $8,666 

Labor $5,000 

Total Losses and Costs $39,319
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CHAPTER 7 -  Results and Discussion 

 

7.1 – Basis for Comparison 

 

In order to properly analyze our results, it is important to discuss and understand the frame of 

reference for comparison.  The first and most obvious comparison can come from putting a 

dollar value on every loss and cost, and analyzing how all the expenses add together to create 

the total cost for boiler operation.   

 

This comparison may lack some perspective among relative costs, so an alternative basis for 

comparison is a percentage of fuel cost.  These costs will not necessarily add together to get 

100%, but they put the percentage in the same frame of reference as stack loss, which is the 

most common loss in the minds of plant management.   

 

Another helpful comparison is to present results in the most objective units, such as dollars 

per 1,000 lb-steam produced.  Since differences in thermal efficiency create a discrepancy in 

MMBTU purchased, a cost per 1,000 lb-steam produced is the most objective way to see 

how various parasitic losses add to the average price of boiler operation.  All three bases of 

comparison are shown in the tables below. 

 

In addition to these tables, pie charts showing the percentage costs of boiler operation 

provide a good visual of how much of the boiler cost is used to create useful steam, and how 

much is used in other areas of boiler operation.   
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7.2 – Presentation of Tables 

 

Table 7.1 – Boiler Fuel Input 

Coal Gas 

Average Load lb-steam/hr 33,370 33,370 

Operating Hours/year hours/yr 3,425 3,425 

Fuel Input MMBTU/yr 156,340 152,659 

$/yr $653,828 $1,564,753 

 

 

It should be noted that for all tables shown in this section, the comparison is between real, 

observed 2008 data on the coal side, and projected costs on the gas side, given the same 

steam requirement. 

 

 

Table 7.2 – Thermal Losses in Boiler Operation for Hanes 2008 

Thermal Losses % of Fuel Input $/yr 

Coal Gas Coal Gas 
Stack 15.68% 14.59% $102,520 $230,358 

Unburned CO 0% 0% $0 $0 

Carbon in Refuse 1.03% 0% $6,734 $0 

Radiation 2.00% 0.50% $13,077 $7,694 

Soot Blowing 0.51% 0% $3,335 $0 

Blowdown 3.00% 3.00% $19,615 $46,164 

Total Losses and Costs 22.22% 18.09% $145,281 $284,216 
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Note that the thermal losses listed above are an efficiency loss, and are included in the fuel 

cost.  The true cost for these losses is in extra fuel purchased to overcome the inefficiency. 

 

Table 7.3 – Boiler Operating Costs for Hanes 2008, Expressed as % of Fuel Fired 

Operating Costs $/yr % of fuel fired 

Coal Gas Coal Gas 
Fuel Delivery included included included included 

Fuel Storage $4,253 $0 0.52% 0% 

Fuel Transport included included included included 

Refuse Handling $20,097 $0 3.07% 0% 

Auxiliary Equipment $50,690 $25,653 7.75% 1.64% 

Maintenance $43,000 $8,666 6.58% 0.55% 

Labor $172,583 $5,000 26.40% 0.32% 

Environmental Compliance $55,075 $250 8.42% 0.02% 

Total Losses and Costs $345,689 $39,569 52.74% 2.53% 

Total Boiler Operation Cost $999,517 $1,604,322 
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Table 7.4 – Boiler Operating Costs for Hanes 2008 in $/1,000 lb-steam Produced 

Operating Costs $/yr $/1,000 lb-steam 

Coal Gas Coal Gas 
Fuel Cost $653,828 $1,564,753 $5.72 $13.69 

Fuel Storage $4,253 $0 $0.03 $0 

Refuse Handling $20,097 $0 $0.18 $0 

Auxiliary Equipment $50,690 $25,653 $0.44 $0.22 

Maintenance $43,000 $8,666 $0.38 $0.08 

Labor $172,583 $5,000 $1.51 $0.04 

Environmental Compliance $55,075 $250 $0.48 $0 

Total Losses and Costs $345,689 $39,569 $3.02 $0.35 

Total Boiler Operation Cost $999,517 $1,604,322 $8.74 $14.04 
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7.3 – Cost Comparisons and Conclusions 

 

The first and most obvious observation from Table 7.1 is that the fuel cost necessary to 

provide steam to the facility is over $900,000 more with natural gas.  That is due largely to 

the difference in fuel prices ($10.25/MMBTU gas vs. $4.18/MMBTU coal).  There are slight 

differences in the amount of MMBTU provided due to the slight differences in heating values 

of the fuel.  Altogether, the fuel cost on the gas side is about 140% more than for coal. 

 

From Table 7.2, the stack loss for the natural gas system is about 1% less than coal.  This 

difference is due largely to a lower stack temperature and excess air.  Despite the higher 

efficiency on the gas side, the cost of losses for stack loss is higher with natural gas due to 

the higher price of fuel.  When you spend $900,000 more on fuel, more of that is going to be 

lost with a given efficiency loss.  The same can be said for thermal losses as a whole, where 

the natural gas boiler system is about 4% more efficient than coal (18.09% vs. 22.22%), but 

the costs due to thermal loss with natural gas is almost double the same cost with coal 

($284,216 vs. $145,281).   

 

The largest source of the thermal efficiency difference is in radiation loss (difference of 

1.5%).  This was explained in chapters 4 and 6, and is mainly a function of casing area and 

boiler load.  The estimates for radiation loss with the coal-fired boiler are fairly conservative, 

and could be more. 

 

The common assumption when comparing coal and natural gas is that most of the cost 

differences derive from auxiliary parasitic losses, but it is clear from Table 7.2 that when 

considering thermal efficiencies, there are losses on the coal side that are not present with 
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natural gas firing, such as loss due to carbon in the ash, and sootblowing loss.  This is about 

another 1.5% in thermal efficiency difference. 

 

As expected, the operating costs for the coal-fired boiler at Hanes are much higher than a 

comparable natural gas-fired system ($344,847 vs. $39,569).  Each of the individual 

operating costs is significantly less with natural gas.  The largest loss on the coal side is in 

labor (half the total operational cost), which incorporates boiler operation, maintenance, ash 

disposal, and fuel handling.  In fact, the labor cost is much greater than the stack loss when 

expressed as a percent of fuel fired (Table 7.3).  Also notice that costs for fuel storage, and 

refuse handling are eliminated when switching to natural gas, and environmental compliance 

is all but eliminated as well.  Altogether, operational costs represent almost 53% of coal-fired 

fuel cost, but only 2.5% of natural gas costs. 

 

From Table 7.4, natural gas costs roughly $13.69 per 1,000 lb-steam delivered, while coal 

comes in at just $5.72 per 1,000 lb-steam delivered.  The large operational costs add about 

$3.00 per 1,000 lb-steam delivered to the coal-fired operation.  That closes the gap slightly to 

$8.74 vs. $14.04 per 1,000 lb-steam delivered when operational costs are considered. 
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7.2 – Presentation of Figures 

 

 
 

Figure 7.1 – Chart of Relative Boiler Costs for Coal Operation at Hanes, 2008 
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best snapshot to show the motivation for moving away from coal.  Labor, maintenance, and 

environmental costs all contribute costs that must be accounted for. 

 

 

 
 

Figure 7.2 - Chart of Relative Boiler Costs for NG Operation at Hanes, 2008 
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This chart shows stark contrast to Figure 7.1, and it is clear to see how little the relative cost 

is to operate the boiler system.  Much more of the boiler cost goes toward creating useful 

steam, with much of the remaining cost due to stack losses, which can be minimized, but 

never avoided.  



 88

7.3 – Additional Cost Comparisons 

 

The first number that stands out immediately is the percentage of boiler operation cost from 

fuel purchase.  Coal purchases account for about 65.5% of the total current boiler operation, 

while natural gas purchases would account for about 97.5% of the total boiler operation 

(Figures 7.1, 7.2).  This is due largely to the fixed operational costs of coal-fired boiler 

operation like labor, maintenance, auxiliary equipment cost, and environmental regulations. 

 

In Figure 7.1, it is interesting to notice that the fuel delivery surcharge is about equal to the 

stack loss in terms of total operational cost.  Labor costs dwarf both of these, however, 

coming in at 17% of total boiler operational cost.  The cost of environmental compliance is 

about the same as the total electrical cost for auxiliary equipment.  This is much larger than 

expected. 
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CHAPTER 8 -  Implementation Opportunities and Costs 

 

8.1 – Installation of Miura System 

The plant management at Hanes has contacted Hickory Industrial Sales, Inc. about the 

purchase of a Miura boiler system to meet the steam demand by burning natural gas.  Their 

recommendation involved an integrated system of five “Miura LX-300SG” 300 BHP boilers 

with controls to allow for the most efficient boiler operation.  The projected cost of 

installation for the Miura system is shown below in Table 8.1 (also see Appendix C). 

 

Table 8.1 – Miura Purchase and Installation Cost 

Item Qty. Price Each Total Cost

Miura 300 BHP Boilers (with Economizer) 5 $92,980 $464,900 

Miura LX-300 Feedwater Pump 5 $3,235 $16,175 

Miura ASME-CSD1 Stamped Code 5 $285 $1,425 

Miura FM Certification 5 $100 $500 

Miura Colormetry Water Hardness Tester 1 $2,000 $2,000 

Miura Multiple Installation Module 5 $1,220 $6,100 

Miura Master Boiler PLC 1 $2,060 $2,060 

Freight Estimate 5 $3,000 $15,000 

Installation Estimate 5 $66,000 $330,000 

Total $838,160 

 

 

The estimates for the equipment and permit fees are fairly well understood, since they are 

given by Hickory Industrial Sales, Inc. as a price quote.  The last few pieces of the cost, 
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involving transportation and installation, are a rougher estimate.  These numbers could be 

refined if Hanes decides to actually implement the proposed system, and gets specific price 

quotes for transportation and installation.  More analysis on project payback is included in 

Chapter 9.  

 

 

8.2 – Installation of Used Natural Gas Boiler  

Another option for the Hanes facility is to install a used natural gas boiler and use one or 

more Miura boilers to supplement steam production and meet the full demand.  In particular, 

the Hanes Dye and Finishing facility in Butner, NC has three older natural gas-fired boilers.  

Of those three, the staff at the Hanes Butner facility has determined that only one is in a good 

enough condition to be used without much repair.  This particular boiler is a Babcock and 

Wilcox 1979 Natural Gas-fired boiler, rated at 35,000 lb-steam/hr.  From conversations with 

engineers at both facilities, it is clear that the cost to obtain this boiler would be the 

transportation costs to move it to Winston-Salem, and any repair and installation costs to get 

the boiler operational.  Table 8.2 below shows the expected costs for moving and installing 

the used boiler, and installing two new Miura boilers (also see Appendix C): 

 

  



 91

Table 8.2 – Used Boiler  / Miura Purchase and Installation Cost 

Item Qty. Price Each Total Cost
Miura 300 BHP Boilers (with Economizer) 2 $92,980 $185,960 

Miura LX-300 Feedwater Pump 2 $3,235 $6,470 

Miura ASME-CSD1 Stamped Code 2 $285 $570 

Miura FM Certification 2 $100 $200 

Miura Colormetry Water Hardness Tester 1 $2,000 $2,000 

Miura Multiple Installation Module 2 $1,220 $2,440 

Miura Master Boiler PLC 1 $2,060 $2,060 

IRI 2 $1,150 $2,300 

Miura Freight Estimate 2 $3,000 $6,000 

Miura Installation Estimate 2 $66,000 $132,000 

Disconnect and Transport Used Boiler $35,000 

Install Used Boiler, New Stack and Econ. $235,000 

New Burner and Controls for Used Boiler $185,000 

Tube and Refractory Repairs $28,000 

Total $823,000 

 

 

This is the slightly less expensive option in terms of initial investment, and makes more 

sense, considering that the used boiler would not need to be purchased.  One important point 

to note is that the maintenance and labor costs may change by using an older, less reliable 

boiler.  The cost of maintenance and labor on the Miura system is quite low, since the boilers 

are designed to be low-maintenance.  Using a boiler that is 30 years old will increase the time 

spent checking the boiler and performing regular maintenance on it.  This could increase the 

overall operating cost by up to $10,000 per year.  Another consideration is the efficiency of 
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the used natural gas boiler.  It is estimated by Hanes (Butner) personnel that the boiler could 

operate with a stack efficiency of around 80% with a proper burner tune-up, but it has been a 

number of years since the boiler has been used, and there are no guarantees on the efficiency.  

This is particularly important with natural gas, since much more of the operating cost is due 

to fuel, and therefore subject to fluctuation over time.  If the natural gas-fired stack efficiency 

for the used boiler is 80%, it would mean an increase in fuel cost of about $111,725.  This is 

because it would take more BTUs of fuel to create the same amount of steam. 

 

Table 8.3 – New / Used Natural Gas Boiler Efficiency and Cost Comparison 

Used Boiler New Miura Boiler

Average Steam Produced (lb-steam/hr) 35,000 35,000 

Energy content of 70 psig steam (BTU/lb-steam) 1,184 1,184 

Energy of Steam Produced (MMBTU/hr) 41.44 41.44 

Thermal Efficiency (%) 78.25% 83.25% 

Energy Input into Steam (MMBTU/hr) 52.96 49.78 

Boiler Operating Hours (hrs/yr) 3,425 3,425 

Total Energy Input (MMBTU/yr) 181,388 170,488 

Difference in Energy (MMBTU/yr) 10,900 

Cost of Natural Gas ($/MMBTU) $10.25 

Cost Difference ($/yr) $111,725 
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Taking into consideration the additional costs due to loss of efficiency and increased 

maintenance, it is clear that installing the used natural gas-fired boiler will be a more 

expensive option in the long run.  Although it is about $20,000 cheaper to install the used 

boiler, it will cost about $112,000 more per year to operate. 
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CHAPTER 9 -  Conclusions 

 

9.1 – Overall Cost and Recommendation 

 

From the data given above, namely from the cost summary tables (Table 7.1, Table 7.2, 

Table 7.3), it is clear to see that with current operations and fuel prices, it is not economical 

to make the switch to a natural gas-fired boiler system.  Because of the inherent volatility of 

fuel prices, it is recommended that Hanes facility engineers keep this information, update it 

yearly with fuel prices and changes in production, and continue to pursue natural gas as an 

option.   

 

It is probably most helpful to view changing fuel prices in light of a “break-even” fuel price, 

where the total cost for boiler operation would be the same with coal or natural gas.  Because 

there are two variables in this equation (price of coal and natural gas), it is easy to view this 

relationship graphically, shown below in Figure 9.1: 
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increase, natural gas becomes more a more competitive fuel, and with the right combination 

of fuel prices, could become the more economical fuel to burn. 

 

It is important to note that Figure 9.1 includes all operational costs for coal and natural gas 

operation, and if this figure is used to project in the future, it should be updated with any 

changes in operational costs or thermal losses. 

 

9.2 – Implementation and Payback Period 

 

For a better idea of what fuel prices would need to be to make the switch economical, see 

Table 9.1 below.  This table breaks down the necessary cost of natural gas (and consequently, 

cost of natural gas boiler operation) to pay back the cost of the new Miura boiler system in 

the specified number of years.  For example, if the facility requires a 2 year payback, the 

implementation cost of $843,910 would need to be paid off in 2 years, needing a savings of 

$421,955 per year (half the implementation cost).  This savings would come from a boiler 

operating cost of $581,304, which would require a natural gas price of $3.44/MMBTU. 
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Table 9.1 – Miura Boiler Payback Period Chart 

Desired Payback Period (years) 
1 2 3 4 5 

Current Cost of Coal 
Operation $1 million 

Miura System Cost $838,160 

Yearly Implementation 
Payback 

$838,160 $419,080 $279,387 $209,540 $167,632 

Necessary Cost of  
Boiler Operation 

$165,099 $584,179 $723,872 $793,719 $835,627 

Necessary Natural Gas 
Price ($/MMBTU) 

$0.72 $3.46 $4.38 $4.83 $5.11 

 

 

Hanes management has indicated that a payback period of 2 years or less is usually the 

standard for capital projects.  From Table 9.1, it is easy to see that the energy savings used to 

pay for the Miura system are tied directly to the price of natural gas.  In order to have a 

payback period of less than 2 years, the price of natural gas would need to be below 

$3.44/MBTU, which is quite low by today’s standards.  Natural gas prices have not been that 

low since 2000, and aren’t expected to drop nearly that low at any point in the future.  A 

longer payback period would allow for a more reasonable natural gas price to pay back.  Also 

note that Table 9.1 assumes no change in the price of coal, or any other additional cost that 

might affect the cost of operating the boilers.  Any increase in the price of coal would 

increase the price of the current operation, and lead to a better payback period. 
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longer the allowable payback period, the closer the payback line moves toward the “break-

even” line. 

 

9.3 – Changes in Production Schedule 

 

In the past few weeks, due to slowing demand for product, the Hanes facility has been forced 

to change their production schedule from 24 hours a day, 3 days a week, to 10 hours a day, 4 

days a week.  The shift from operating 72 hours a week to 40 hours a week has had a 

significant effect on the boiler operation. 

 

The first and most notable effect on boiler operation is the average demand for steam during 

operation.  The average demand for steam from production alone has been about 28,000 lb-

steam/hr with the 24/3 schedule.  If that were cut by 20%, the steam demand would be 

22,400 lb-steam/hr for 72 hours, but 40,320 lb-steam/hr for 40 hours.  Just in the first few 

weeks of implementing the new production schedule, Hanes personnel has seen an increase 

in steam demand of about 14,000 lb-steam/hr.  This has a few effects.  First, it allows the 

current coal-fired boiler to operate more efficiently, since it is operating at a higher firing 

rate, which minimizes radiation loss.  Secondly, it would require a larger natural gas-fired 

system to be implemented in order to meet the increase in demand.  When steam is needed to 

heat in the winter, the demand will most likely rise to about 60,000 lb-steam/hr, which would 

require more boiler capacity.  This is shown in Figure 9.1 below, which models the estimated 

steam demand considering a 20% drop in production and 10/4 production schedule. 
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Figure 9.3 – Increase in Steam Demand Due to New Production Schedule 

 

 

The heating demand will stay fairly constant with the new production schedule, since heat 

will still be needed during the day.  The increase in production steam demand will most 

likely necessitate the purchase of a sixth 300 BHP Miura boiler, adding about $168,000 in 

installation cost (for the all-new Miura system).  Since installation costs are already high, this 

would further argue against the implementation of the natural gas system. 

 

Another cost that may be affected by the change in production schedule is the more frequent 
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boiler for 10 hours, then letting it cool for 14 hours leads to larger thermal loss and more 

thermal stress on the boiler.  Because of the large size of the coal-fired boiler, 14 hours is not 

sufficient for the boiler to cool to room temperature, so thermal losses are fairly small, and 

thermal stresses are all but eliminated.  The net effect of the new schedule is that on Monday 

(the start of the week), the boiler is fired from room temperature in what is called a “cold 

start”.  Then, Tuesday, Wednesday, and Thursday morning, the boiler is brought back up to 

steam-producing temperature from a higher start temperature, or a “warm start”.  Warm starts 

do not adversely affect the boiler nearly as much as cold starts, so this new schedule may not 

have much negative effect on boiler efficiency or operation.  Most likely, the increase in 

efficiency from operating the boiler at a higher load is canceled out by the radiation losses 

during the night when the boiler is allowed to cool. 

 

9.4 – Future Additional Costs 

 

In addition to fuel price volatility, there are other factors and costs which could affect the 

economics of switching to natural gas.  The biggest of these is possible legislation that will 

put a cost on the emission of carbon dioxide into the atmosphere.  This is most commonly 

referred to as a “Carbon Tax” or “Cap and Trade” legislation.  Because of the timing of this 

report, no official number can be given to the potential cost of emissions due to burning coal 

or natural gas.  Most estimates are given in dollars per metric ton of carbon dioxide, and from 

discussions of Hanes management with various sources, they have estimated that Cap and 

Trade legislation could put an additional cost of $20/metric ton of CO2.  To understand what 

this would cost Hanes, see Table 9.2 below: 
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Table 9.2 – Cost Estimate for Cap and Trade Legislation 

Coal System Natural Gas System

Total Energy Input (MMBTU/yr) 156,340 150,127 

Carbon Dioxide Emissions (lb/billion BTU) 208,000 117,000 

Total CO2 Emissions (metric ton/yr) 14,750 7,967 

Cost of Carbon Dioxide ($/metric ton) $20.00 $20.00 

Total Potential Cost $295,008 $159,347 

Cost Difference ($/yr) $135,661 

 

 

Given the $20.00/metric ton charge for CO2 emissions, this would represent an added cost of 

about $295,000 to the boiler operation.  This is a very large cost, and will likely affect 

production or overall revenue.  If the company were to burn natural gas in their boilers, the 

charge for CO2 emission would be about $162,000, or a savings or $133,000. 

 

While a “carbon tax” would represent a significant cost increase to the current operation, it 

would not make up the difference in cost of burning natural gas (about $617,000) at current 

fuel prices.  It remains to be seen what the true cost of carbon dioxide legislation would be to 

Hanes, but whatever it is, it would make natural gas a more attractive fuel due to the lower 

carbon dioxide output by burning natural gas. 
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Appendix A 

 

 

 Fuel analysis of the coal received by Hanes Dye and Finishing is performed by 

Standard Laboratories, Inc. and provided by Hills Fuels, the coal supplier, on a weekly basis.  

An example of a typical fuel analysis is shown below in Figure A.1.  From the aggregate of 

weekly reports during 2008, it was determined that the average higher heating value (HHV) 

of coal for the facility is 14,530 BTU/lb.  This is verified by Figure A.2, shown below, which 

lists analyses of typical U.S. coals by state and rank.  Hanes Dye and Finishing receives high 

quality West Virginia coal, classified as either Low-Vol. Bituminous or High Vol. 

Bituminous (analysis of volatile content is not given).  This corresponds to either lines 14 or 

30 in Figure A.2.  The HHV given for these is an average of 14,540 BTU/lb, right in line 

with the analysis given in Figure A.1 
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Figure A.1 – Typical Coal Analysis from Standard Laboratories, Inc. 
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Figure A.2 – Analysis of Typical U.S. Coals[2] 
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Appendix B 

 

 

Ash was collected from normal boiler operation at Hanes Dye and Finishing and sent to 

Standard Laboratories, Inc. for testing.  The results for fly ash, collected from the baghouse, 

are given in Figure B.1, while the results for bottom ash, collected in the ash hopper, are 

given in Figure B.2.  These results are used in Chapter 4 to calculate unburned fuel in the 

ash. 
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Figure B.1 – Fly Ash Analysis from Standard Laboratories, Inc. 
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Figure B.2 – Bottom Ash Analysis from Standard Laboratories, Inc. 
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Appendix C 

 

 

 A price quote for a new boiler installation of Miura brand 300 BHP boilers is given in 

Figure C.1 below, provided by Hickory Industrial Supply Company.  At the time of the 

quote, it was figured that the facility needed four of these boilers to meet steam demand.  

This estimate has been scaled up to meet the new estimated demand of five 300 BHP boilers. 

 

 An estimate on the cost to move the used boiler from Butner, NC to Winston-Salem, 

NC by Quate Industrial Services is given in Figure C.2 below.  All cost data on the used 

boiler installation is given here and supplemented by the cost of two Miura brand 300 BHP 

boilers, from Figure C.1. 
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Figure C.1 – Miura Boiler Cost Estimate From Hickory Industrial Supply Company 
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Figure C.2 – Used Boiler Installation Estimate from Quate Industrial Services 


