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FOREWORD 

This report is the result of a project funded by the Maryland Power Plant Research Program to 
study nitrogen oxide (NOx) and carbon dioxide (CO2) emissions from industrial boilers and 
process heaters operating in Maryland and identify controls to reduce those emissions.  While 
NOx and CO2 emissions from large utility boilers operating in Maryland and strategies for their 
control have been researched extensively, emissions of these pollutants from smaller industrial 
boilers and their control have not been studied by PPRP to the same extent.  Considered 
individually, industrial boilers may not emit large quantities of these pollutants compared to 
utility boilers; however, due to the larger number of industrial boilers operating in Maryland, 
their cumulative emissions may be significant. 

Industrial boilers include any combustion equipment fired with liquid and/or gaseous and/or 
solid fossil fuel, used to produce steam or to heat water, and that is not used exclusively to 
produce electricity for sale.  Process heaters include any combustion equipment fired with liquid 
and/or gaseous and/or solid fossil fuel and which transfers heat from combustion gases to water 
or process streams.  

This report identifies and estimates NOx and CO2 emissions from industrial boilers and process 
heaters operating in Maryland, and describes operational and maintenance techniques for 
reducing these emissions.  The report also identifies potential retrofit controls that could be 
installed in industrial boilers and process heaters for reducing emissions of NOx and CO2, and 
the associated installation and operation costs. 

This report was prepared by Fossil Consulting Services, Inc. (FCS) as a subcontractor to 
Environmental Resources Management (ERM) under the Maryland Department of Natural 
Resources Power Plant Research Program (PPRP) Atmospheric Sciences Integrator contract.  
The report was prepared under the direction of Dr. John Sherwell of PPRP.  Contributing authors 
were Steve Drosjack and Salman Sheikh of Fossil Consulting Services, Inc. (FCS). 
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1. INTRODUCTION 

1.1 PURPOSE OF THIS REPORT 

This report identifies industrial boilers and process heaters installed in Maryland with heat input 
capacities greater than 10 million Btu per hour, and estimates their nitrogen oxides (NOx) and 
carbon dioxide (CO2) emissions.  This report also describes potential control technologies or 
operating and maintenance techniques for reducing these emissions.  The operational information 
relating to industrial boilers and process heaters in Maryland and data on their emissions were 
obtained from the publicly available Environmental Protection Agency (EPA) National 
Emissions Inventory (NEI) database or were calculated.  The emissions reduction technologies 
and techniques presented in this report have been in use on similar equipment for many years and 
have demonstrated effectiveness in reducing emissions by significant amounts.  The information 
presented in this report will prove useful to legislators and regulators, as well as owners and 
operators of industrial boilers and process heaters in identifying possible reductions in the 
emission of ozone forming NOx and greenhouse gases from these Maryland sources, and 
potential controls for achieving those reductions. 

The following tasks were performed in researching and developing this report: 

� Identify industrial boilers and process heaters installed in Maryland with heat capacities 
greater than 10 million Btu’s per hour 

� Classify industrial boilers/process heaters based on: 

� Design 

� Emissions 

� Discuss federal, state, and local emission regulations that apply to Maryland industrial boilers 
and process heaters 

� Develop estimates of annual emissions of NOx and CO2 from Maryland industrial boilers 
and process heaters using: 

� EPA databases 

� Combustion calculations 

� Describe and evaluate available NOx and CO2 controls for industrial boilers and process 
heaters to: 

� Estimate potential emission reductions 

� Rank by cost effectiveness 

� Research and compare industrial boiler emission reduction programs in other states/countries 
such as: 

� Enhanced heat recovery 

� Combustion system tuning 

� Controls upgrade 

� Low NOx burners 

� Add-on controls (SCRs, etc.) 

� Determine additional opportunities for reducing emissions by improving industrial boiler 
efficiency 



Maryland Industrial Boilers Emissions Report 
 

 Page 3 
 

� Quantify potential reductions in emissions of NOx and CO2 and estimated cost for various 
upgrades with information from industrial boiler manufacturers and aftermarket upgrade 
suppliers 

� Develop guidelines for operational & maintenance techniques for reducing emissions 

� Develop Conclusions and Recommendations 

� Develop an implementation plan 

The conclusions and recommendations of this report include techniques for industrial boiler 
operators to reduce their emissions of NOx and CO2.  These techniques apply to existing boilers 
and process heaters, as well as new boilers or process heaters that are planned for installation.   

1.2 BACKGROUND 

In previous years when emissions were less regulated, operating a boiler generally meant 
operating it with the least expensive fuel and at the highest possible fuel conversion efficiency.  
Reduced emphasis was placed on controlling emissions.  Public concerns about air and water 
quality and enactment of federal, state, and local regulations have shifted this emphasis.  The 
current objective is to provide low-cost energy with an acceptable impact on the environment.  
Consequently, control of pollutant emissions from ICI (Industrial, Commercial, and Institutional) 
or industrial boilers should be a significant consideration in the operation of these boilers. 

1.2.1 Industrial Boilers
1
 

Boilers used in industry and large institutions are distinctly different from utility boilers in their 
design, capacity, combustion systems, and steam system application.  This is apparent primarily 
in the pressures and temperatures of steam generated, as well as the fuel and fuel burning 
equipment utilized in industrial boilers.  Industrial boilers are principally used to supply steam or 
in some cases hot water, for use in a chemical or industrial process.  These boilers are used 
extensively in the chemical, food processing, paper, and petroleum industries.  Commercial and 
institutional boilers are used in many other applications, including commercial businesses, office 
buildings, apartments, hotels, restaurants, hospitals, schools, museums, government buildings, 
and airports. 

Process heaters are direct-fired heaters used primarily in the petroleum refining and 
petrochemical industries.  Process fluids are heated to temperatures in excess of 400oF in the 
radiant and convective sections of process heaters.  Flue gas entering the convective section is 
usually in excess of 1,500oF for most process heaters.  Process heaters are discussed in Section 
1.2.4. 

Many fossil and non-fossil fuels are fired in industrial boilers, but the most common types of fuel 
are coal, oil, and natural gas.  During the combustion process, oxygen reacts with carbon, 
hydrogen, and other elements in the fuel to produce a flame and hot combustion gases.  As these 
gases are drawn through the boiler, they cool by transferring heat to water.  Eventually the gases 
flow out through a stack and into the atmosphere.  As long as the fuel and air are both available 
to continue the combustion process, heat will be generated. 

Industrial boilers are manufactured in many different sizes and configurations depending on the 
characteristics of the fuel, the specified heating output, and the required emissions controls.  
Some boilers are only designed to produce hot water, while others produce steam.  Industrial 
boilers range in steam output from about 10,000 pounds per hour (lb/hr) to approximately 
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1,000,000 lb/hr, with the typical output ranging between 40,000 and 100,000 lb/hr.  This 
contrasts with utility size boilers that produce on average approximately 3,000,000 lb/hr, with a 
range of 500,000 to 4,500,000 lb/hr, or greater.  Design operating pressures and temperatures of 
industrial boilers vary from as low as 10 psig and saturated steam to around 600 psig and 900oF 
steam temperature, although higher pressures are possible. 

Another parameter that differentiates industrial boilers from utility boilers is the heat input 
capacity.  Boilers with a heat input capacity in excess of 250 million BTU/hour are generally 
classified as utility boilers, while those with lower heat input capacity are classified as industrial 
boilers. 

Industrial boilers are more numerous than utility boilers and are designed to satisfy the unique 
needs and restrictions of widely varying industrial and chemical processes.  There are 
approximately 70,000 industrial, commercial, and institutional (ICI) boilers installed and in use 
in the United States today as compared to about 4,000 utility boilers, as reported by the Council 
of Industrial Boiler Owners2 (CIBO).  Of these ICI boilers, approximately 22,000 industrial 
boilers have heat input greater than 10 MMBtu/hr.  The number of industrial boilers with heat 
input capacities of greater than 10MMBtu/hr installed in the commercial sector in Maryland is 
52, based on the Environmental Protection Agency’s (EPA’s) preliminary National Emissions 
Inventory (NEI) for 2002. 

Utility boilers consume much larger quantities of fuel compared to industrial boilers.  Although 
industrial boilers produce less than 10 percent of the total pollutants emitted by the nation’s 
boilers2, because of their smaller size and design characteristics their owners must spend more 
than utilities to remove a given amount of pollutant emissions from the boiler flue gas.  Due to 
their large size, utility boilers have some inherent advantages over the smaller industrial boilers 
when it comes to controlling emissions. 

While utility boilers are in general designed with the sole purpose of generating steam at a 
generally constant rate to power steam turbines, industrial boilers have decidedly different 
purposes, depending on the industry.  Industrial boilers often supply steam to more than one 
application.  Even at a given facility, use of steam can differ dramatically from season to season 
when steam or hot water is used for heating, as well as from day to day and hour to hour, 
depending on the industrial activities under way at that time.  This means that industrial boilers 
do not operate at steady loads or maximum capacity in most cases. 

Since most industries cannot afford to install excessive spare steam capacity, reliability of boiler 
operation is critical to production and revenues at an industrial facility.  If steam flow is 
interrupted, production can be seriously impacted.  Loss of a boiler for a short period of time can 
impact production for days if for example, material cools and solidifies in process lines.  In 
general, retrofitting emission controls adds to the complexity of boiler operations and can lead to 
costlier steam generation. 

1.2.2 Types of Industrial/Commercial/Institutional Boilers Based On Design 

ICI boilers can be classified based on their design features, operational characteristics, and fuel 
fired, all of which can have a significant impact on the pollutants they emit and the equipment 
available to control emissions.  The two basic types of ICI boilers are water tube and fire tube 
boilers.  The fundamental difference between these two types of boilers is which side of the 
boiler tubes contains the combustion gases and the water/steam. 
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Water Tube Boilers 

Water tube boilers are designed to circulate hot combustion gases around the outside of a large 
number of tubes through which the water circulates.  The tubes extend between an upper header, 
called a steam drum, and one or more lower headers or drums.  Because the pressure is confined 
inside the smaller diameter tubes, water tube boilers can be fabricated in larger sizes and used for 
higher-pressure applications, as high as 3,000 psig and sometime higher. 

Small water tube boilers which have one or sometimes two burners, are generally fabricated and 
supplied as package units.  Because of their size and weight, large water tube boilers are often 
fabricated in pieces and assembled in the field.  Typical configurations for packaged and field-
erected water tube boilers are shown in Figure 1 and Figure 2 respectively. 

 

 

 

Figure 1:  Typical Packaged Industrial Water Tube Boiler
3 
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Figure 2:  Typical Field Erected Industrial Water Tube Boiler
3 

 

The fuels commonly fired in industrial water tube boilers are listed in Table 1: 

Table 1:  Fuels Fired in Industrial Water Tube Boilers 

FUEL WATER TUBE 

BOILER TYPE COAL FUEL OIL NATURAL 

GAS 

BIOMASS REFUSE 

DERIVED 

Stoker-fired boilers: 
- Underfeed    

stokers 
- Overfeed stokers 

Yes No No Yes Yes 

PC fired boilers 

- Single or opposed 
wall 

-  Tangential 

Yes Startup only Startup only No No 

FBC boilers 

- Atmospheric 
- Pressurized 

Yes Startup only Startup only Yes Yes 

Package boilers No Yes Yes No No 
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As shown above in Table 1, coal-fired boilers are classified into three major categories: stoker 
fired units, pulverized coal (PC)-fired units, and fluidized bed combustion (FBC) boilers.  
Stoker-fired boilers include a mechanical system that is designed to feed solid fuel into the 
boiler.  Stokers are designed to support the combustion process and to remove the ash as it 
accumulates.  All stokers operate similarly.  They use both undergrate and overfire air to burn 
fuel located on a grate. 

PC fired boilers are generally large, field-erected units.  During operation, finely grounded coal 
is mixed with primary combustion air and fed to the burner or burners where it ignites.  
Secondary combustion air is then supplied to complete the combustion process.  Depending on 
the location of the burners and the direction of coal injection, PC-fired boilers can be classified 
as single- or opposed-wall, tangential (corner), or cyclone boilers. 

Depending on whether the ash is removed in a solid or molten state, PC-fired boilers are also 
classified as dry or wet bottom units.  Opposed-wall fired boilers are usually much larger than 
250 MM Btu/hr heat input capacity.  They are used primarily for utility applications but may be 
suitable in certain industrial applications as well.  Coal burned in cyclone boilers is crushed 
rather than pulverized.  These boilers are predominantly used in utility applications. 

FBC boilers are capable of burning a wide range of solid fuels.  In this method of combustion, 
fuel is burned in a bed of hot incombustible particles suspended by an upward flow of fluidizing 
gas such as air.  Fuels that contain high concentration of ash, sulfur, and nitrogen can be burned 
effectively while meeting stringent emission limitations.  When sulfur capture is not required, 
inert materials such as alumina may be added to supplement the fuel ash and maintain the bed.  
In applications where sulfur capture is required, limestone is incorporated into the bed and used 
as the sorbent for the sulfur.  FBC boilers are characterized as either atmospheric or pressurized 
units.  Atmospheric FBC boilers are further divided into bubbling-bed and circulating-bed units; 
the fundamental difference between these two being the fluidization velocity.  Coal is often 
burned in FBC boilers, but it is also possible to burn biomass and other solid fuels.  Natural gas 
or fuel oil is used primarily as a start-up fuel to preheat the fluidized bed or as an auxiliary fuel 
when additional heat is required.  The configuration of a typical circulating fluidized bed water 
tube boiler is shown in Figure 3. 

Combustion of other solid fuels including municipal solid waste (MSW) and refuse-derived fuel 
(RDF), is often accomplished in a boiler with a stoker system.  Fuels of this type generally have 
specially designed feed systems for supplying and distributing the fuel particles.  Boilers that 
burn these fuels are also specially designed to interface with the fuel feed system and to burn the 
fuel as efficiently as possible.  Many boilers that burn solid non-fossil fuels have some type of 
fossil fuel firing capability.  These auxiliary fuels are used during start-up operations, as a 
supplementary fuel, or alone when the primary fuel is unavailable. 
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Figure 3:  Configuration of a Circulating FBC Water Tube Boiler
4 

Non-fossil fuels that are rich in Carbon Monoxide (CO) and hydrogen can also be burned in 
water tube boilers.  These fuels can be generated by the partial combustion of biomass using 
gasification or pyrolysis techniques. 
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Firetube Boilers  

Firetube boilers consist of a series of straight tubes that are housed in a water-filled outer shell.  
The combustion gases pass inside the tubes and heat is transferred to water on the shell side.  To 
avoid the need for a thick outer shell, firetube boilers are used for lower pressure applications.  
Generally, heat input capacities for firetube boilers are limited to about 50 MMBtu/hr or less; 
however, in recent years the size of firetube boilers has increased. 

The configuration of a typical industrial firetube boiler is shown in Figure 4. 

 

 

Figure 4:  Configuration of Typical Industrial Firetube (HRT) Boiler
5 

Firetube boilers are subdivided into three groups: 

• Horizontal return tubular (HRT) boilers typically have horizontal, self-contained firetubes 
with a separate combustion chamber. 

• Scotch, Scotch marine, or shell boilers have the firetubes and combustion chamber housed 
within the same shell. 

• Firebox boilers have a water-jacketed firebox and employ, at most three passes of 
combustion gases. 

Configuration of a Scotch packaged firetube boiler is shown in Figure 5. 
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Figure 5:  Configuration of Scotch Packaged Firetube Boiler
6 

Most modern firetube boilers have cylindrical outer shells with a small round combustion 
chamber located inside the bottom of the shell.  Depending on construction details, these boilers 
have tubes configured in either one, two, three, or four pass arrangements.  Because the design of 
firetube boilers is simple, they are easy to construct in a shop and can be shipped fully assembled 
as a package unit. 

Fuels commonly used in various types of firetube boilers are identified in Table 2: 

Table 2:  Fuels Typically Fired in Industrial Firetube Boilers 

FUEL FIRETUBE 

BOILER TYPE 
COAL FUEL OIL NATURAL 

GAS 

BIOMASS REFUSE-

DERIVED 

HRT Boilers Yes Yes Yes Yes Yes 

Scotch Boilers Yes Yes Yes No No 

Firebox Boilers Yes Yes Yes Yes Yes 
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The Scotch marine boiler is a common firetube boiler used in industry due to its low initial cost 
and high efficiency and durability.  Scotch marine boilers typically have horizontal cylindrical 
shells with horizontal tubes configured such that combustion gases pass through these tubes 
transferring heat to the water on the shell side.  A typical Scotch marine firetube boiler is shown 
in Figure 6: 

   

 

Figure 6:  Typical Scotch Marine Firetube Boiler
7 

 

1.2.3 Characterization of Emissions from Industrial Boilers 

A significant number of ICI boilers are installed  in Maryland.  Many of these boilers emit more 
than 25 tons of NOx per year8, as well as being significant contributors to greenhouse gas 
emissions in the form of CO2.  The quantity of pollutants discharged into the atmosphere is 
influenced by factors such as the type and quantity of fuel consumed, the method by which it is 
burned, the design features of the boiler, the way the boiler is operated, and the completeness of 
combustion.  Achieving the required emissions reductions involves the use of pre-combustion, 
combustion, or post-combustion emission control techniques, or a combination of these 
techniques.   
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NOx Emissions 

There are three common mechanisms of NOx formation in a boiler furnace: thermal NOx, fuel 
NOx, and prompt NOx.  Thermal NOx refers to the NOx that is formed through high-
temperature oxidation of nitrogen found in the combustion air.  Fuel NOx involves the 
conversion of fuel-bound nitrogen found in nitrogen-bearing fuels, such as coal and oil, to NOx 
during combustion.  A third type of NOx that forms under certain conditions is known as prompt 
NOx.  Prompt NOx is only significant in very fuel-rich flames and is produced by high-speed 
reactions in the flame front.   

The formation rate of thermal NOx is a strong function of temperature as well as the residence 
time at temperature.  Significant levels of NOx are usually formed above 2,600°F.  Figure 7 
shows the sensitivity of NOx formation to temperature in an oil fired industrial boiler.  It should 
be noted that for an increase in combustion temperature of 130oF, the concentration of NOx 
increases by an order of magnitude9.  Above this temperature, the rate of thermal NOx formation 
increases exponentially.  At these high temperatures, molecular nitrogen (N2) and oxygen (O2) in 
the combustion air can dissociate into their atomic states and participate in a series of reactions.  
One product of these reactions is nitrogen oxide (NO).  At temperatures below 1,400°F, NO is 
either generated in much lower concentrations or not at all. 
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Figure 7:  Impact of Temperature on NOx Formation
10 
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CO2 Emissions 

CO2 is the natural outcome of burning carbon containing fuels.  The amount of CO2 produced 
depends on the fuel burned, the type of generation used, and the efficiency of the units.   

In general, the greater the percentage of carbon in the fossil fuel, the greater the amount of CO2 
generated.  Coal generates the greatest amount of CO2, followed by oil, while  natural gas 
generates the least amount of CO2 for the same equivalent heat input.  Increasing the amount of 
natural gas used, and minimizing the amount of coal and oil reduces the amount of CO2 
generated. 

The greater the efficiency of the boiler, the lesser is the CO2 produced per pound of steam or 
kWh.  There are two ways to minimize the production of CO2 from existing boilers in pounds of 
CO2 per pound of steam: operate as efficiently as possible with given equipment and make 
equipment changes that will significantly increase the plant efficiency. 

Emission control techniques for NOx and CO2 are discussed in more detail in Section 4. 

1.2.4 Process Heaters
11

 

Process heaters are generally used in heat transfer applications where boilers are not suitable.  
Often these are uses in which heat must be transferred at temperatures in excess of 400°F.  
Process heaters are used in the petroleum refining and petrochemical industries, with minor 
applications in the asphalt concrete, gypsum, iron and steel, and wood and forest products 
industries. 

Classes of Process Heaters 

Process heaters (also known as process furnaces and direct-fired heaters) are heat transfer units 
in which heat from fuel combustion is transferred predominantly by radiation and secondarily by 
convection to fluids contained inside tubes.  The process fluid stream to be heated is contained in 
single-fired tubes along the radiant section walls and ceiling, in two-sided fired tubes within the 
radiant section, and in convection section tubes of the process heater combustion chamber.  This 
process fluid stream is heated for one of two reasons: 

1) to raise the temperature for additional processing (heated feed) 

2) so that chemical reactions may occur in the tubes (reaction feed) 

Descriptive information about these two types of process heaters in provided in the following 
sections. 

Heated Feed 

Process heaters whose function is to heat a process fluid stream before additional processing 
include distillation column feed preheaters and reboilers, reactor feed preheaters, hot oil 
furnaces, and viscous fluid heaters.  This type of process heater is found in both the petroleum 
refining and chemical manufacturing industries. 

Fired heaters are used in the petroleum refining industry principally as preheaters for various 
operations such as distillation, catalytic cracking, hydroprocessing, and hydroconversion.  Fired 
heaters are used in a wide variety of applications in the chemical manufacturing industry.  They 
are used as fired reactors (e.g., steam-hydrocarbon reformers and olefins pyrolysis furnaces), 
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feed preheaters for non-fired reactors, reboilers for distillation operations, and heaters for heat 
transfer oils. 

Reaction Feed 

Chemical reactions occur inside the tubes of many process heaters upon heating.  Applications 
include steam-hydrocarbon reformers used in ammonia and methanol manufacturing, pyrolysis 
furnaces used in ethylene manufacturing, and thermal cracking units used in refining operations. 

Process Heaters Design Parameters 

Most process heaters include burners, combustion chambers, and tubes that contain process 
fluids. 

Combustion Chamber Set-ups 

Process heaters contain a radiant heat transfer area in the combustion chamber.  This area heats 
the process fluid stream in the tubes by flame radiation.  Equipment found in this area includes 
the burners and the combustion chambers.  Most heat transfer to the process fluid stream occurs 
here.  Most process heaters also use a convective heat transfer section to recover residual heat 
from the hot combustion gases by convective heat transfer to the process fluid stream.  This 
section is located after the radiant heat transfer section and contains tubes filled with process 
fluid.  Figure 8 shows a cross-section of a typical process heater. 
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Figure 8:  Cross-section of a Typical Process Heater
12 

 

The first few rows of tubes in this section are called shield tubes and are subject to some radiant 
heat transfer.  Typically, the process fluid flows through the convective section prior to entering 
the radiant section in order to preheat the process fluid stream.  The temperature of the flue gas 
entering the convective section usually ranges from 1,500 to 2,000oF.  Preheating in the 
convective section improves the efficiency of the process heater, particularly if the tube design 
includes fins or other extended surface areas.  An extended tube surface area can improve 
efficiency by 10 percent and reduce flue gas temperatures from 2,000oF to 500oF and 1,500oF to 
250oF.   
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Combustion Air Supply 

Combustion air is supplied to the burners via natural draft (ND) or mechanical draft (MD) 
systems.  Natural draft process heaters use duct work systems to route air to the burners, usually 
at ambient conditions.  Mechanical draft process heaters use fans in duct work systems to supply 
air, usually preheated, to the burners.  The combustion air supply must have sufficient pressure to 
overcome the burner system pressure drops caused by ducting, burner registers, and dampers.  
The pressure inside the firebox is generally a slightly negative draft of approximately 0.2 to 0.5 
inches of water column at the radiant-to-convective section transition point.  The negative draft 
is achieved in ND systems via the stack effect and in MD systems via the fans or blowers. 

Natural draft combustion air supply uses the stack effect to induce the flow of combustion air in 
the heater.  The stack effect or thermal buoyancy is caused by the density difference between the 
hot flue gas in the stack and the significantly cooler ambient air surrounding the stack.  
Approximately 90 percent of all gas-fired heaters and 75 percent of all oil-fired heaters use ND 
combustion air supply. 

There are three types of MD combustion air supply:  forced draft, induced draft, and balanced 
draft.  The draft types are named according to the position relative to the combustion chamber of 
the fans used to create pressure difference in the process heater.  All three types of MD heaters 
rely on the fans to supply combustion air and remove flue gas.  In the forced draft combustion air 
systems, the fan is located upstream from the combustion chamber, supplying combustion air to 
the burners.  The air pressure supplied to the burners in a forced draft heater is typically in the 
range of 3 to 10 inches of water.  Though combustion air is supplied to the burners under 
positive pressure, the remainder of the process heater operates under negative pressure caused by 
the stack effect.  In induced draft combustion air systems, the fan is located downstream of the 
combustion chamber, creating negative pressure inside the combustion chamber.  This negative 
pressure draws or induces combustion air into the burner registers.  Balanced draft combustion 
air systems use fans placed both upstream and downstream (forced and induced draft) of the 
combustion chamber. 

There are advantages and disadvantages for both ND and MD combustion air supply.  Natural 
draft heaters do not require the fans and equipment associated with MD combustion air supply.  
Though simpler, ND heaters do not allow as precise control of combustion air flow as do MD 
heaters.  Mechanical draft heaters, unlike ND heaters, provide the option of using alternate 
sources of combustion oxygen, such as gas turbine exhaust, and the use of combustion air 
preheat.  Combustion air preheat has limited application in ND heaters due to the pressure drops 
associated with combustion air preheaters. 

Combustion air preheaters are often used to increase the efficiency of MD process heaters.  The 
maximum thermal efficiency obtainable with current air preheat equipment is approximately 92 
percent.  Preheaters allow heat to be transferred to the combustion air from flue gas, steam, 
condensate, hydrocarbon, or other hot streams.  The preheater increases the efficiency of the 
process heater because some of the thermal energy is reclaimed that would have been exhausted 
from the hot streams via heat rejection.  If the thermal energy is from the heater’s flue gas, the 
heater efficiency is increased.  The benefit of higher thermal efficiency is that less fuel is 
required to operate the heater at a comparable throughput.  Less fuel burned results in less CO2 
emissions.  However, preheating the combustion air increases the flame temperature of the 
burner, which results in greater NOx formation.  Tests show that the higher the temperature of air 
preheat, the greater the formation of NOx.  Preheating the combustion air from ambient 
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temperature (70oF) to 400oF increases NOx emissions by a factor of 1.4 and more than doubles 
emissions when the air is preheated to 600oF. 

Tube Configurations 

The orientation of the tubes through which a process fluid stream passes is also taken into 
consideration when designing a process heater.  The tubes in the convective section are oriented 
horizontally in most process heaters to allow crossflow convective heat transfer.  However, the 
tubes in the radiant area may be oriented either horizontally or vertically.  The orientation is 
chosen on a case-by-case basis according to the design specifications of the individual process 
heater.  For example, the arbor or wicket type of fired heater is a specially design to minimize the 
pressure drop across the tubes. 

Burners 

Many different types of burners are used in process heaters.  Burners may be designed for 
combustion of oil, gas, or a gas/oil mixture.  Burner selection depends upon several factors 
including process heat flux requirements, fuel type, and draft type.  The burner chosen must 
provide a radiant heat distribution that is consistent with the configuration of the tubes carrying 
the process fluid.  Also, the number and location of the burners depends on the process heater 
application.   

Gas-fired burners are simpler in operation and design than oil-fired burners and are classified as 
either premix or raw gas burners.  In premix burners, 50 to 60 percent of the air necessary for 
combustion is mixed with the gas prior to combustion at the burner tip.  This air is induced into 
the gas stream as the gas expands through orifices in the burner.  The remainder of the air 
necessary for combustion is provided at the burner tip.  Raw gas burners receive fuel gas without 
any premixed combustion air.  Mixing occurs in the combustion zone at the burner tip.   

Oil-fired burners are classified according to the method of fuel atomization used. Atomization is 
needed to increase the mixing of fuel and combustion air.  Three types of fuel atomization 
commonly used are mechanical, air, and steam.  Steam is the most widely used method because 
it is the most economical, provides the best flame control, and can handle the largest turndown 
ratios.  Typical steam requirements are 0.07 to 0.16 pounds of steam per pound of oil burned. 

Combination burners can burn 100 percent oil, 100 percent gas, or any combination of oil and 
gas.  A burner with this capability generally has a single oil nozzle in the center of a group of gas 
nozzles.  The air needed for combustion can be controlled separately in this type of burner.  
Another option available is to baseload the burners with one fuel and to add the other fuel to 
meet increases in load demand.  Combination burners add flexibility to the process heater, 
especially when the composition of the fuel is variable. 

The location and number of burners needed for a process heater are also determined on an 
individual basis.  Burners can be located on the ceiling, walls, or floor of the combustion 
chamber.  Floor-and wall-fired units are the most common burner types found in process heaters 
because they are both efficient and flexible.  In particular, floor-mounted burners integrate well 
with the use of combustion air preheat, liquid fuels, and alternate sources of combustion air 
preheat, liquid fuels, and alternate sources such as turbine exhaust. 

The number of burners in a heater can range from 1 to over 100.  In a refinery, the average 
number of burners is estimated at 24 in ND heaters, with an average design heat release of 69.4 
MMBtu/hr.  The average number of burners is estimated at 14 in MD heaters with combustion 
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air preheat and an average design heat release of 135.3 MMBtu/hr.  In general, the smaller the 
number of burners, the simpler the heater will be.  However, multiple burners provide a more 
uniform temperature distribution. 

 

Characterization of Emissions from Process Heaters 

A discussion of how NOx emissions are formed in the industrial boiler combustion process was 
presented in Section 1.2.3.  NOx formed in process heaters includes thermal NOx, fuel NOx, and 
prompt NOx.  NOx formation mechanisms in process heaters are similar to those in ICI boilers, 
with certain differences that are related to design and operation of process heaters.  This section 
presents the factors controlling NOx emissions that are unique to process heaters. 

Many factors affect the level of uncontrolled NOx emissions from process heaters.  These factors 
can be categorized broadly under two headings: 

• Design parameters 

• Operation parameters 

Heater Design Parameters 

Heater design parameters that affect the amount of uncontrolled NOx emissions from process 
heaters include the following: 

� Fuel type 

� Burner type 

� Combustion air preheat 

� Firebox temperature 

� Draft type 

Fuel type:  Typically, process heaters burn liquid or gaseous fossil fuels.  Liquid fuels burned 
include liquid butanes and pentanes, light fuel oils such as diesel and No. 2 distillate oil, and 
heavy fuel oils such as No. 6 residual oil.  Gas fuels such as hydrogen, methane, ethane, propane, 
and butane are burned individually or are blended.  Natural gas and refinery fuel gas consist 
primarily of methane and are common fuels for process heaters.  Any number of the previously 
mentioned gas fuels make up the balance of components in natural and refinery fuel gas. 

Combustion of low-nitrogen distillate oil produces uncontrolled NOx emissions higher than the 
combustion of natural gas at identical conditions of heat release rate, excess air, and combustion 
air preheat.  Although some refinery gases may have trace amounts of HCN, NH3 or other 
nitrogen-bearing species that may be oxidized to NOx, natural gas and refinery gas usually do 
not contain chemically bound nitrogen.  Therefore, process heaters burning oil can be expected 
to produce higher NOx emissions per unit of energy absorbed than do comparable heaters 
burning natural gas, due to higher combustion temperatures and the greater formation of fuel 
NOx, which accompanies the combustion of fuel oils. 

Fuel NOx formation represents a greater fraction of the total NOx when high-nitrogen fuels such 
as residual oil are combusted.  Therefore, fuel type has a large effect on the magnitude of NOx 
emissions from a combustion source. 
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When refinery gas is fired, variations in hydrogen content can cause changes in the combustion 
characteristics of the fuel.  The hydrogen content of refinery fuel gas fired in low- and medium-
temperature process heaters can vary from 0 to 50 percent.  This variation in hydrogen content 
results in heating values ranging from 700 to 2,200 BTU per standard cubic foot (BTU/scf).  
High hydrogen fuel gas, which contains up to 80 percent hydrogen, is primarily fired in high-
temperature heaters such as pyrolysis furnaces.  High hydrogen fuel gas containing 50 to 80 mole 
percent hydrogen can have heating values ranging from 400 to 600 BTU/scf.  These variations in 
hydrogen content cause changes in flame temperature, propagation, and flame volume.  
Increased hydrogen content of the fuel produces a hotter flame, resulting in greater thermal NOx 
formation.  Research shows that for a heater fired with fuel gas containing 50 percent or more 
hydrogen, NOx emissions can be higher by 20 to 50 percent over the same heater fired with 
natural gas. 

The proportions of oil and gas burned in a dual-fuel process heater affect NOx emissions as well.  
Under the same conditions, burners firing low-nitrogen distillate oil generate higher NOx 
emissions than do similar burners firing natural gas.  Consequently, NOx emissions from oil/gas 
fired heaters vary depending on the amount and type of oil that is mixed with the gas because 
NOx emissions increase with increasing oil content. 

Burner type:  The type of burner used in a process heater also has an impact on NOx emissions.  
The functions of a burner are to ensure: 

1) proper mixing of combustion reactants, 

2) a continuous supply of combustion reactants, and 

3) proper heat dispersion by regulating the size and shape of the flame envelope.   

Because NOx formation is affected by the flame temperature, mixing of the reactants, and the 
residence time of the reactants at the peak flame temperature, burner design clearly affects the 
level of uncontrolled NOx emissions. 

Burners are designed to fire specific fuels, and the fuel type greatly affects the magnitude of 
NOx emissions from a combustion source.  Oil-fired heaters generate higher NOx emissions per 
unit of energy input than do comparable gas-fired heaters.  Most fired heaters in the past used 
burners designed to fire either oil or gas.  The current trend is to use gas-only burners to reduce 
the initial investment. 

Burners can be divided into conventional and low-NOx burners.  Conventional burners are 
designed for high combustion efficiency and low hydrocarbon (HC) and carbon monoxide (CO) 
emissions.  Low-NOx burners are designed for low-NOx operation, while maintaining low HC 
and CO emissions and high fuel efficiency. 

Conventional gas-fired burners are divided into three categories: raw gas burners, premix 
burners, and high intensity burners.  Raw gas burners receive fuel gas from a gas manifold 
without any premixing of combustion air.  Premix burners receive a mixture of combustion air 
and fuel at the burner tip.  High-intensity gas-fired burners are usually designed to fire low-Btu 
fuel gas that is unsuitable for low- and medium-temperature conventional burners.  High-
intensity burners are characterized by extremely compact flames and low-excess-air operation. 

Gas burners designed for low-NOx operation usually use staging techniques to reduce NOx 
emissions and are divided into two categories: staged-air burners and staged-fuel burners.  
Staged-air, gas-fired burners divide the combustion zone into two stages.  The burner bypasses a 
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fraction of the combustion air around the primary combustion zone and supplies it to the 
secondary combustion zone.  The primary zone is operated under rich combustion conditions, 
and the secondary combustion zone is operated under lean combustion conditions.  The primary 
zone creates a reducing environment, which inhibits fuel-NOx formation.  The combustion 
reaction is cooled in the secondary zone by the secondary air, which inhibits thermal NOx 
formation. 

Staged-air, gas-fired burners may also supply tertiary air around the outside of the secondary 
combustion zone, which ensures complete combustion at relatively low combustion 
temperatures.  Staged-fuel, gas-fired burners divide the combustion zone into two stages.  The 
burner bypasses a fraction of the fuel around the primary combustion zone and supplies it to the 
secondary combustion zone.  The primary combustion zone is operated under lean combustion 
conditions, and the secondary zone is operated under rich conditions.  The lean primary zone has 
a relatively cool combustion temperature, which inhibits thermal NOx formation.  Limited 
oxygen availability in the rich secondary zone further inhibits NOx formation. 

A relatively new type of premix burner uses a porous surface of ceramic or metallic fibers to 
burn gas fuels.  These burners require forced draft combustion air supply.  The combustion 
reactions are located on the outer surface of radiant burners.  The outer surface of the burners 
glows uniformly instead of the flame extending outward from the burner tip, as in non-radiant 
burners.  Flame stability and the absence of flame impingement are two operational advantages.  
Combustion occurs at approximately 1,830oF, which yields low NOx formation while producing 
low CO and HC emissions. 

There are two types of oil burners: conventional oil burners and staged-air, oil-fired burners.  
Conventional oil burners have a single combustion zone, while staged-air oil-fired burners have 
at least two combustion zones.  The staged-air, oil-fired burners are designed to achieve lower 
NOx emissions than the conventional burners and operate similarly to the staged-air gas-fired 
burners. 

Combustion Air Preheat:  A fuel-efficient process heater design is a priority consideration for 
heater users.  Combustion air preheat is an effective method of reducing fuel consumption.  
However, preheating the combustion air increases the flame temperature of the burner, which 
results in greater NOx formation.  Higher the temperature of the air preheat, the greater the 
formation of NOx, as shown in Figure 9. 
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Figure 9:  Effect of Combustion Air Preheat Temperature on NOx Emissions 

 

Preheating the combustion air temperature from ambient (70oF) to 400oF increases NOx 
emissions by a factor of 1.4 and more than doubles emissions when the air is preheated to 600oF. 

Firebox Temperature:  Firebox temperature is the average temperature within the process heater 
furnace where combustion takes place. The rate of formation of thermal NOx increases 
exponentially with increasing flame temperature.  The flame temperature is directly related to the 
firebox temperature, which is determined by the process requirements.  Therefore, applications 
requiring high firebox temperatures, such as steam hydrocarbon reformers and olefins pyrolysis 
furnaces, will likely have higher NOx emissions than applications using medium and low firebox 
temperatures, Figure 10.  In general, heaters with high volumetric heat release rates have high 
flame and firebox temperatures. 
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Figure 10:  Effect of Firebox Temperature on NOx Emissions 

For gas-fired heaters, thermal NOx emissions increase by a factor of 1.5 when the firebox 
temperature is increased from 1,300oF to 1,900oF.  Below 2,100oF, thermal NOx increases a 
nominal 10 percent for every 100oF increase in firebox temperature.  Increasing the temperature 
from 1,300oF to 1,900oF can increase the thermal NOx formation by as much as a factor of 4 in 
some process heaters.  Further, the rate of NOx formation at temperatures above 1,700oF 
continues to increase. 

Draft Type:  As discussed previously, the two basic methods of combustion air supply to process 
heaters are natural draft (ND) and mechanical draft (MD).  The MD systems can be further 
divided into three categories: forced draft, induced draft, and balanced draft.  The three types are 
distinguished by the position of the fan(s) relative to the heater unit.  The fan is located upstream 
of the firebox in the forced draft heater and downstream of the firebox in the induced draft 
heater.  Balanced draft heaters use both forced draft and induced draft fans to control the 

combustion airflow.  Boilers may operate with radiant firebox pressures of ∀20 inches of water, 
but process heaters operate with radiant firebox pressures slightly below at pressure.  Process 
heater construction does not tolerate large variations in firebox pressures like those in boilers.  In 
ND heaters, the pressure difference between the hot gases in the stack and the cooler air outside 
results in a “draft”, which causes the combustion air to flow into the burners.  Draft type can 
influence uncontrolled NOx emissions by affecting the level of excess air in the combustion 
zone.  Also, NOx emissions can be lowered by converting the heater to forced draft and 
operating with lower excess air and improved flame shape. 

Heater Operating Parameters:  Heater operating parameters that affect uncontrolled NOx 
emissions include excess air, volumetric heat release, and burner adjustments. 
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Excess air is required to ensure complete combustion of fuel in the burner.  Optimum fuel 
efficiency and low HC, CO, and NOx emissions can be achieved only over a small range of 
excess air levels.  A typical excess air level for process heaters is approximately 15 percent.  The 
amount of excess air present depends on a variety of factors including fuel type, draft type, 
burner design, and air leaks.  The excess air level should be measured at the burner or in the 
radiant zone because air leakage above the radiant section may indicate higher excess air levels 
in the stack than exist in the burner combustion zone.  The term “excess oxygen” is sometimes 
used instead of “excess air”.  Three percent excess oxygen corresponds to approximately 15 
percent excess air. 

Long term emissions data from refinery gas-fired heaters indicate that NOx emissions typically 
increase about 9 percent for each 1 percent increase in the measured stack oxygen level.  
Increasing the excess air will result in greater NOx emissions until the oxygen content of the flue 
gas reaches approximately 6 percent, at which point NOx formation begins to decrease.  This 
decrease can be attributed to the flame cooling effect of the excess air, which reduces the 
formation of thermal NOx. 

Burner adjustments can affect NOx emissions by altering the flame characteristics.  By adjusting 
the burner to increase flame length, the peak flame temperature is decreased, thereby decreasing 
NOx formation.  Some heaters require a more uniform heat flux produced by well-defined, 
compact flames.  This type of high-intensity flame produces higher NOx levels than the long, 
low-intensity flame.  For heaters equipped with staged-air burners, the relative amount of air 
introduced into the primary and secondary burner combustion zones can have a large effect on 
NOx emissions.  Tests indicate that combustion air distribution can be adjusted to minimize NOx 
emissions form the heater.  However, burner adjustments or settings are generally dictated by 
process requirements and may not coincide with optimum NOx control. 
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2. REGULATORY BACKGROUND 

2.1 CLEAN AIR ACT REQUIREMENTS 

Title V of the 1990 Clean Air Act (CAA) introduced an operating permit program whose 
purpose is to combine, into a single document, all the state and federal air quality requirements 
applicable to a company.  Title V does not impose substantive new requirements above and 
beyond the state and federal requirements.  

Companies in Maryland subject to Title V operating permits include the following: 

A. Facilities subject  to acid rain  requirements under Title IV of the CAA (these apply to utility 
boilers, not industrial boilers). 

B. Major sources with a potential to emit: 

• 100 tons per year or more of any regulated pollutant; or 

• 10 tons per year or more of a single hazardous air pollutant (HAP) or 25 tons per year of any 
combination of HAPs; or 

• More than any applicable nonattainment major source threshold specified in COMAR 
26.11.02.01.C. 

C. Medical waste incinerators 

D. Municipal solid waste landfills with a capacity of 2.75 million tons or greater 

E. Facilities subject to CAA Section 111 (federal New Source Performance Standards) or Section 
112 (HAPs).  At this time, facilities not listed under C or D that do not fall in the major source 
categories defined under B are deferred from Part 70 requirements . 

2.2 SEVERE OZONE NONATTAINMENT AREA 

In January 2003 EPA reclassified the Washington, DC-MD-VA area as a “severe” nonattainment 
area for one-hour ozone.  As a severe nonattainment area for one-hour ozone National Ambient 
Air Quality Standard, the Washington region is required to meet the requirements defined in the 
Clean Air Act, Section 182 (d) and to attain the standard by November 15, 2005.  An attainment 
plan had to be developed to address this issue. 

The Severe Area Attainment Plan for the Washington nonattainment areas has been developed 
by the Metropolitan Washington Air Quality Committee (MWAQC) in cooperation with 
Maryland, Virginia, and the District of Columbia. 

Overall, the 2005 rate of progress plan for the Metropolitan Washington region may be 
summarized as follows (reductions are from 1990 EPA standards data):   

• 279.4 tons per day of oxides of nitrogen (NOx) emission reductions and 3.7 tons per day 

of volatile organic compound (VOC) reductions through the regulation of point sources 

of pollution, such as factories and power plants.   

• 93.6 tons per day of VOC reductions and 4.7 tons per day of NOx reductions from regulating 
area sources of pollution such as gasoline refueling, automobile repair, consumer products 
and printing operations;  
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• 80.8 tons per day of VOC reductions and 86.5 tons per day of NOx reductions from 
initiatives relating to cars and trucks, the “on-road” or “mobile” sources of pollution; and  

• 33.3 tons per day of VOC reductions and 22.6 tons per day of NOx reductions from non-road 
sources such as lawn and garden equipment, heavy construction equipment and marine 
engines.  

• 3.2 tons per day of VOC reductions and 0.2 tons per day of NOx reductions from voluntary 
measures spanning multiple source sectors. 

Point sources, as shown above, are the pollution emitters that require the greatest emission 
reductions.  Point sources are large, stationary, identifiable sources of emissions that release 
pollutants into the atmosphere and include large utility boilers and industrial boilers.  Emissions 
of NOx (and CO2) from large utility size boilers have been quantified to a large extent as an 
essential step in reducing such emissions.  Emissions from smaller industrial boilers (including 
process heaters), which may not be of the same magnitude on a unit basis but can be quite 
significant cumulatively because of a larger population, have not been quantified.  Identifying 
and quantifying emissions from these smaller boilers is the first step in determining 
methodologies for reducing their emissions. 

Emissions of CO2 from industrial or utility boilers are not regulated in the United States.  Some 
technology is available to limit CO2 emissions, but it is extremely expensive.  The options to 
limit the emission of CO2 are initiatives to improve combustion efficiency at existing plants, 
switch fuels from higher carbon containing fuels to lower carbon containing fuels, or install new 
units that employ more efficient technologies.  

2.2.1 NOx Emissions Standards 

From MD-DC-VA Severe SIP Report (Dec. 2003) 

SIP Requirements for “Severe Non-attainment” Areas  

The Clean Air Act Section 182 (d) requires “severe non-attainment” areas to submit revisions to 
the state implementation plan to meet six additional planning requirements that do not exist for 
“serious” areas: 

• Lower permit threshold for point sources from 50 tons of NOx emissions per year to 25 tons 
per year 

• Lower threshold for definition of “Major” source requiring controls to 25 tons of NOx 
emissions per year 

• Require new or expanding sources to offset increased NOx emissions by a ratio of 1.3:1 

• Offset emissions growth due to growth in Vehicle Miles Traveled (VMT) by adopting 
control measures  

• Attainment deadline for Severe Areas is November 15, 2005  

• Adopt fee for “failure to attain” to be paid by major sources. 

For emissions inventory purposes, point sources are defined as stationary, commercial, or 
industrial operations that emit more than 10 tons per year (tons/year) of VOCs or 25 tons/year or 
more of NOx or CO2. Prior to being reclassified as a severe area, the threshold was 100 tons/year 
of NOx emissions. 
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Virginia, Maryland, and the District of Columbia have committed to adopt additional reasonably 
available control technology (RACT) rules for sources subject to the new lower major source 
applicability size threshold.  The requirements for VOCs have been in the regulations for some 
time due to earlier regulatory actions.  The latest regulatory actions lower the major source 
threshold to 25 tons per year, or approximately 0.1 tpd, for major stationary sources of NOx, and 
the new sources are subject to RACT rules.  Following these requirements and the precedent set 
by the San Francisco RACM analysis, the region will not consider control measures affecting 
source categories that produce less that 0.1 tpd NOx or VOC emissions.  

Table 3 - New RACT Rules Applicability Washington “Severe Non-attainment” Area 

No.  State Control Measure  Regulation Number  Effective Date 

7.2.9 Virginia Non-CTG RACT 9 VAC 5-40-240 6/4/03 

7.2.9 Maryland Control of NOx 
Emissions 

COMAR 9.08 11/24/03 

7.2.9 District of 
Columbia 

Major Source 
Thresholds 

20 DCMR sections 
805.1,805.6,805.7 
(NOx RACT) 

8/29/03 

 

NOx standards for Maryland Major Stationary Sources are defined in COMAR 26.11.09.08.  
Sections of COMAR 26.11.09.08 that are applicable to industrial boilers and process heaters are 
provided here. 

COMAR 26.11.09.08  (Control of NOx Emissions for Major Stationary Sources) 

A. Applicability.  

(1) This regulation applies to a person who owns or operates an installation that causes 
emissions of NOx and is located at premises that have total potential to emit:  

(a) 25 tons or more per year of NOx and is located in Baltimore City, or Anne Arundel, 
Baltimore, Calvert, Carroll, Cecil, Charles, Frederick, Harford, Howard, Montgomery, or 
Prince George's counties; or  

(b) 100 tons or more per year of NOx and is located in Allegany, Caroline, Dorchester, 
Garrett, Kent, Queen Anne's, St. Mary's, Somerset, Talbot, Washington, Wicomico, or 
Worcester counties.  

(2) Except as otherwise indicated, the emissions standards and requirements in this regulation 
apply at all times. 

B. General Requirements and Conditions.  

(1) Emission Standards and Requirements.  

Emission Standards in Pounds of NOx per Million Btu of heat input. 
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Table 4:  Emission Standards in Pounds per million Btu of Heat Input 

Fuel Tangential- Fired Wall-Fired 

Gas only  0.20  0.20  

Gas/Oil  0.25  0.25  

Coal (dry bottom)  0.38  0.38  

Coal (wet bottom)  1.00  1.00  

 

Specific emission standards and requirements are contained in Sections C through G of COMAR 
26.11.09.08 and are summarized for industrial boilers and space heaters in the following table, 
where "Space heater" means fuel-burning equipment that consumes more than 60 percent of its 
annual fuel during the period from October 31 of one year through March 31 of the following 
year. 

Table 5:  Allowable NOx Emission Rates Based on Heat Input Capacity 

Heat Input Capacity 

(MMBtu/hr) 

Fuel Maximum NOx Emission Rate (lb of 

NOx/(MMBtu/hr)) 

0.70  -  May 1 through Sept. 30 
≥ 250* Any 

0.99  -  Oct. 1 through April 30 

Coal 0.65 

Gas only 0.20 > 100 and < 250* 

Gas/Oil 0.25 

< 100* Any 

No limits 

Requires yearly combustion analysis 
and optimization 

Space heaters require an operating and 
maintenance plan to minimize NOx 
emissions 

* Fuel-Burning Equipment with a Capacity Factor of 15 percent or less has no limit, 
requires yearly combustion analysis and optimization if operation exceeds 500 hours 
during calendar year. 

NOTE: “Capacity factor” means either: (1) the ratio of a unit's actual annual electric output 
(expressed in MWe-hr) to the unit's nameplate capacity times 8760 hours, or (2) the ratio of a 
unit's annual heat input (in million British thermal units or equivalent units of measure) to the 
unit's maximum design heat input (in million British thermal units per hour or equivalent units of 
measure) times 8,760 hours. 



Maryland Industrial Boilers Emissions Report 
 

 Page 28 
 

3. INDUSTRIAL BOILER AND PROCESS HEATER DATA 

3.1 DATA SOURCES 

Emissions data was retrieved from the EPA’s National Emissions Inventory (NEI) website, 
www.epa.gov/ttn/chief/net/2002inventory.html, as shown in Figure 11.  From this screen, 
“POINT SOURCES” was chosen, which provided access to an FTP site that provided criteria 
data for all of the U.S. states. 

 

 

Figure 11 - EPA's National Emissions Inventory website 

 

The Maryland NEI emissions database was then downloaded from the web screen of state 
databases shown in Figure 12.   
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Figure 12 – NEI State Database Retrieval Screen 

 

The data from the NEI was available in the form of a Microsoft database which was then 
converted into an Excel spreadsheet to allow emissions calculations to be made.  The original file 
contained emissions data for all criteria pollutants from point sources in Maryland.  The data was 
filtered for NOx emissions from industrial boilers only.  The boiler data was selected as those 
sources which had their design capacity units given in BTU/hr, E6BTU/hr, or HP, while the 
others were not included in the analysis. 
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Figure 13 – Design Capacity Unit Numerator for Boilers 

 

The heat input numbers and annual operating hours provided in the spreadsheet enabled the NOx 
emissions to be calculated in pounds per million BTUs (lb/MMBtu) thereby allowing a 
comparison of these exiting emissions levels against improvements that can be expected from 
control upgrades discussed later in tables 6.3, 6.4, and 6.5 in Section 4.1.4.  (NOTE: where tables 
were used from referenced documents, the original table numbers were retained for ease of cross 
reference.) 

CO2  emissions data was not provided in the NEI database since it is not a criteria pollutant.  CO2 
emission factors from the EPA’s AP-42 emissions factor data files were used to calculate CO2 
emissions based on the design heat input capacity. 

 

3.2 INDUSTRIAL BOILER SPREADSHEET 

Table 6 shows the actual emissions data and calculated emissions data for industrial boilers in 
Maryland. 
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Table 6 – Emission Data for Maryland Industrial Boilers 

Facility Name

Emission 

Unit ID City

Design Heat 

Input Capacity 

(million Btu/hr)

NOx Major 

Source 

Threshold 

(TPY)

Actual 2001 

NOx 

Emissions 

(TPY) from 

EPA NEI

CO2 AP-42 

emission 

factors for fuel 

burned 

(lb/MMBtu)

Calculated CO2 

Emissions (lb/hr) 

using AP-42 

emission factors

Calculated CO2 

Emissions 

(tons/yr) using AP-

42 emission 

factors

Annual Avg 

Hours Per 

Year

SCC 6 

DESCRIPTION 

(1st 6 numbers)

Pounds of NOx 

per Million Btu 

heat input 

(lb/MMBtu; 

calculated)

BACK RIVER WASTE WATER TRTMNT PLANT 022 BALTIMORE 2.00 25 0.04 117.1 234.2 255.7 2184
Process gas

0.02

BACK RIVER WASTE WATER TRTMNT PLANT 31 BALTIMORE 2.00 25 0.04 117.1 234.2 255.7 2184
Process gas

0.02

PERDUE FARMS 040 SALISBURY 0.01 100 0.06 161.4 1.6 1.0 1200
Distillate oil

9.18

PERDUE FARMS 041 SALISBURY 0.01 100 0.06 161.4 1.6 1.0 1200
Distillate oil

9.18

PERDUE FARMS 044 SALISBURY 0.01 100 0.06 161.4 1.6 1.0 1200
Distillate oil

9.18

PERDUE FARMS 045 SALISBURY 0.01 100 0.06 161.4 1.6 1.0 1200
Distillate oil

9.18

BACK RIVER WASTE WATER TRTMNT PLANT 012 BALTIMORE 2.00 25 0.06 117.1 234.2 171.4 1464
Process gas

0.04

BACK RIVER WASTE WATER TRTMNT PLANT 013 BALTIMORE 2.00 25 0.06 117.1 234.2 168.6 1440 0.04

UNIVERSITY OF MARYLAND 014 COLLEGE 

PARK

2.00 25 0.07 117.1 234.2 424.4 3624
Natural gas

0.02

FORT DETRICK 032 FREDERICK 2.00 25 0.09 117.1 234.2 505.9 4320
Natural gas

0.02

BACK RIVER WASTE WATER TRTMNT PLANT 018 BALTIMORE 1.00 25 0.09 117.1 117.1 255.7 4368
Process gas

0.04

BACK RIVER WASTE WATER TRTMNT PLANT 030 BALTIMORE 1.00 25 0.09 117.1 117.1 255.7 4368
Process gas

0.04

BACK RIVER WASTE WATER TRTMNT PLANT 035 BALTIMORE 1.00 25 0.09 117.1 117.1 255.7 4368
Natural gas

0.04

BACK RIVER WASTE WATER TRTMNT PLANT 010 BALTIMORE 2.00 25 0.09 117.1 234.2 511.5 4368
Process gas

0.02

BACK RIVER WASTE WATER TRTMNT PLANT 019 BALTIMORE 2.00 25 0.09 117.1 234.2 511.5 4368
Process gas

0.02

BACK RIVER WASTE WATER TRTMNT PLANT 020 BALTIMORE 2.00 25 0.09 117.1 234.2 511.5 4368
Process gas

0.02

BACK RIVER WASTE WATER TRTMNT PLANT 025 BALTIMORE 2.00 25 0.09 117.1 234.2 511.5 4368
Process gas

0.02

BACK RIVER WASTE WATER TRTMNT PLANT 026 BALTIMORE 2.00 25 0.09 117.1 234.2 511.5 4368
Process gas

0.02

BACK RIVER WASTE WATER TRTMNT PLANT 032 BALTIMORE 4.00 25 0.09 117.1 468.4 1023.0 4368
Natural gas

0.01

FORT DETRICK 031 FREDERICK 2.00 25 0.10 117.1 234.2 562.1 4800
Natural gas

0.02

FORT DETRICK 035 FREDERICK 2.00 25 0.10 117.1 234.2 562.1 4800
Natural gas

0.02

FORT DETRICK 033 FREDERICK 3.00 25 0.10 117.1 351.3 421.6 2400
Natural gas

0.03

FORT DETRICK 034 FREDERICK 3.00 25 0.10 117.1 351.3 421.6 2400
Natural gas

0.03

Westvaco Corp - Luke Mill 034 LUKE 0.01 100 0.10 161.4 1.6 3.5 4320
Distillate oil

4.68

CHESAPEAKE PAPERBOARD COMPANY 001 BALTIMORE 0.01 25 0.10 161.4 1.6 3.5 4368
Distillate oil

4.65

PEMCO CORPORATION 034 BALTIMORE 2.00 25 0.13 117.1 234.2 702.6 6000
Natural gas

0.02

NATIONAL SECURITY AGENCY 080 FORT MEADE 4.00 25 0.17 117.1 468.4 2051.6 8760
Natural gas

0.01

EASTALCO ALUMINUM 017 FREDERICK 2.00 25 0.18 117.1 234.2 1025.8 8760
Natural gas

0.02

EASTALCO ALUMINUM 018 FREDERICK 4.00 25 0.18 117.1 468.4 2051.6 8760
Natural gas

0.01

UNIVERSITY OF MARYLAND 019 COLLEGE 

PARK

2.00 25 0.18 117.1 234.2 1025.8 8760
Natural gas

0.02

UNIVERSITY OF MARYLAND 020 COLLEGE 

PARK

2.00 25 0.18 117.1 234.2 1025.8 8760
Natural gas

0.02

UNIVERSITY OF MARYLAND 033 COLLEGE 

PARK

2.00 25 0.18 117.1 234.2 1025.8 8760
Natural gas

0.02

UNIVERSITY OF MARYLAND 013 COLLEGE 

PARK

3.00 25 0.18 117.1 351.3 1538.7 8760
Natural gas

0.01
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Facility Name

Emission 

Unit ID City

Design Heat 

Input Capacity 

(million Btu/hr)

NOx Major 

Source 

Threshold 

(TPY)

Actual 2001 

NOx 

Emissions 

(TPY) from 

EPA NEI

CO2 AP-42 

emission 

factors for fuel 

burned 

(lb/MMBtu)

Calculated CO2 

Emissions (lb/hr) 

using AP-42 

emission factors

Calculated CO2 

Emissions 

(tons/yr) using AP-

42 emission 

factors

Annual Avg 

Hours Per 

Year

SCC 6 

DESCRIPTION 

(1st 6 numbers)

Pounds of NOx 

per Million Btu 

heat input 

(lb/MMBtu; 

calculated)

UNIVERSITY OF MARYLAND 044 COLLEGE 

PARK

3.00 25 0.18 117.1 351.3 1538.7 8760
Natural gas

0.01

UNIVERSITY OF MARYLAND 045 COLLEGE 

PARK

4.00 25 0.18 117.1 468.4 2051.6 8760
Natural gas

0.01

BACK RIVER WASTE WATER TRTMNT PLANT 011 BALTIMORE 1.00 25 0.19 117.1 117.1 255.7 4368
Process gas

0.09

BACK RIVER WASTE WATER TRTMNT PLANT 023 BALTIMORE 4.00 25 0.19 117.1 468.4 2051.6 8760
Process gas

0.01

BACK RIVER WASTE WATER TRTMNT PLANT 024 BALTIMORE 4.00 25 0.19 117.1 468.4 2051.6 8760
Process gas

0.01

BACK RIVER WASTE WATER TRTMNT PLANT 034 BALTIMORE 4.00 25 0.19 117.1 468.4 342.9 1464
Natural gas

0.06

PEMCO CORPORATION 033 BALTIMORE 1.00 25 0.19 117.1 117.1 512.9 8760
Natural gas

0.04

PEMCO CORPORATION 031 BALTIMORE 2.00 25 0.19 117.1 234.2 1025.8 8760
Natural gas

0.02

PEMCO CORPORATION 032 BALTIMORE 2.00 25 0.19 117.1 234.2 1025.8 8760
Natural gas

0.02

FORT DETRICK 027 FREDERICK 3.00 25 0.19 117.1 351.3 843.1 4800
Natural gas

0.03

TRIGEN - LEADENHALL STREET 002 BALTIMORE 0.89 25 0.26 117.1 104.2 10.0 192
Natural gas

3.02

BACK RIVER WASTE WATER TRTMNT PLANT 021 BALTIMORE 5.00 25 0.28 117.1 585.5 1278.7 4368
Process gas

0.03

BACK RIVER WASTE WATER TRTMNT PLANT 005 BALTIMORE 6.00 25 0.28 117.1 702.6 1534.5 4368
Process gas

0.02

UNITED STATES GYPSUM COMPANY 012 BALTIMORE 3.00 25 0.41 117.1 351.3 556.5 3168
Natural gas

0.09

MCI WORLD COM 001 ABERDEEN 0.03 25 0.43 161.4 4.8 2.9 1200
Distillate oil

23.71

MCI WORLD COM 002 ABERDEEN 0.03 25 0.43 161.4 4.8 2.9 1200
Distillate oil

23.71

MCI WORLD COM 003 ABERDEEN 0.03 25 0.43 161.4 4.8 2.9 1200
Distillate oil

23.71

MCI WORLD COM 004 ABERDEEN 0.03 25 0.43 161.4 4.8 2.9 1200
Distillate oil

23.71

MCI WORLD COM 005 ABERDEEN 0.03 25 0.43 161.4 4.8 2.9 1200
Distillate oil

23.71

FORT DETRICK 017 FREDERICK 0.02 25 0.49 161.4 3.2 6.6 4080
Distillate oil

12.05

FORT DETRICK 023 FREDERICK 0.02 25 0.50 161.4 3.2 6.8 4200
Distillate oil

11.94

GENERAL MOTORS TRUCK & BUS GROUP 003 BALTIMORE 0.64 25 0.50 161.4 103.3 173.5 3360
Distillate oil

0.47

FORT DETRICK 016 FREDERICK 0.02 25 0.52 161.4 3.2 7.0 4320
Distillate oil

12.05

MILLENIUM INORGANIC CHEMICALS 002 BALTIMORE 130.00 25 0.53 117.1 15223.0 730.7 96
Natural gas

0.08

EASTALCO ALUMINUM 016 FREDERICK 7.00 25 0.54 117.1 819.7 3590.3 8760
Natural gas

0.02

FORT DETRICK 018 FREDERICK 0.02 25 0.57 161.4 3.2 7.6 4728
Distillate oil

12.03

UNIVERSITY OF MARYLAND 004 COLLEGE 

PARK

117.00 25 0.95 117.1 13700.7 2137.3 312
Natural gas

0.05

FORT GEORGE MEADE 003 FORT MEADE 0.11 25 1.42 161.4 17.8 33.0 3720
Distillate oil

6.93

FORT GEORGE MEADE 087 FORT MEADE 0.02 25 1.56 161.4 3.2 7.0 4320
Distillate oil

36.15

D C CHILDREN'S CENTER 008 MARYLAND 

CITY

17.00 25 1.75 117.1 1990.7 4347.7 4368
Natural gas

0.05

FMC CORP. ORGANIC CHEMICALS DIVISION 003 BALTIMORE 0.30 25 1.78 117.1 35.1 27.8 1584
Natural gas

7.48

D C CHILDREN'S CENTER 010 MARYLAND 

CITY

17.00 25 1.86 117.1 1990.7 4610.5 4632
Natural gas

0.05
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Facility Name

Emission 

Unit ID City

Design Heat 

Input Capacity 

(million Btu/hr)

NOx Major 

Source 

Threshold 

(TPY)

Actual 2001 

NOx 

Emissions 

(TPY) from 

EPA NEI

CO2 AP-42 

emission 

factors for fuel 

burned 

(lb/MMBtu)

Calculated CO2 

Emissions (lb/hr) 

using AP-42 

emission factors

Calculated CO2 

Emissions 

(tons/yr) using AP-

42 emission 

factors

Annual Avg 

Hours Per 

Year

SCC 6 

DESCRIPTION 

(1st 6 numbers)

Pounds of NOx 

per Million Btu 

heat input 

(lb/MMBtu; 

calculated)

NAVAL SURFACE WARFARE CNTR-INDIAN HD 009 INDIAN HEAD 0.29 25 1.91 173.9 50.4 33.3 1320
Residual oil

9.97

FORT GEORGE MEADE 004 FORT MEADE 0.11 25 1.92 161.4 17.8 44.7 5040
Distillate oil

6.92

NAVAL SURFACE WARFARE CNTR-INDIAN HD 011 INDIAN HEAD 0.31 25 2.31 173.9 53.9 42.0 1560
Residual oil

9.57

TRIGEN - LEADENHALL STREET 006 BALTIMORE 0.89 25 2.33 117.1 104.2 32.5 624
Natural gas

8.40

GRACE - DAVISON CHEMICAL 001 BALTIMORE 60.00 25 2.39 117.1 7026.0 19391.8 5520
Natural gas

0.01

INTERNATIONAL PAPER - ODENTON 032 ODENTON 74.00 25 2.65 117.1 8665.4 10814.4 2496
Natural gas

0.03

Westvaco Corp - Luke Mill 033 LUKE 0.01 100 2.66 161.4 1.6 7.1 8760
Distillate oil

60.77

MILLENIUM INORGANIC CHEMICALS 006 BALTIMORE 13.00 25 2.71 117.1 1522.3 6667.7 8760
Natural gas

0.05

TRIGEN - LEADENHALL STREET 008 BALTIMORE 0.68 25 2.79 117.1 79.6 48.7 1224
Natural gas

6.70

FORT DETRICK 019 FREDERICK 77.00 25 2.89 117.1 9016.7 9413.4 2088
Natural gas

0.04

FORT DETRICK 009 FREDERICK 0.67 25 3.02 117.1 78.5 109.2 2784
Natural gas

3.24

GENERAL MOTORS TRUCK & BUS GROUP 005 BALTIMORE 0.64 25 3.17 117.1 74.9 233.8 6240 Natural gas 1.59

FORT GEORGE MEADE 005 FORT MEADE 0.11 25 3.34 161.4 17.8 77.8 8760
Distillate oil

6.92

NATIONAL SECURITY AGENCY 001 FORT MEADE 0.58 25 3.82 117.1 67.9 89.7 2640
Natural gas

4.99

FORT DETRICK 006 FREDERICK 0.67 25 4.86 117.1 78.5 105.4 2688 Natural gas 5.40

NATIONAL SECURITY AGENCY 003 FORT MEADE 0.58 25 5.67 117.1 67.9 136.9 4032
Natural gas

4.85

NAVAL SURFACE WARFARE CNTR-INDIAN HD 102 INDIAN HEAD 0.01 25 6.56 161.4 1.6 2.9 3552
Distillate oil

369.10

FMC CORP. ORGANIC CHEMICALS DIVISION 004 BALTIMORE 0.30 25 6.58 117.1 35.1 83.9 4776
Natural gas

9.18

TRIGEN - NORTH CENTRAL AVENUE 004 BALTIMORE 150.00 25 7.45 117.1 17565.0 15386.9 1752
Natural gas

0.06

NAVAL SURFACE WARFARE CNTR-INDIAN HD 094 INDIAN HEAD 7.50 25 7.52 205.3 1539.8 498.9 648 Bituminous/Sub-

bituminous coal

3.09

GRACE - DAVISON CHEMICAL 005 BALTIMORE 125.00 25 7.59 117.1 14637.5 63936.6 8736 Natural gas 0.01

TRIGEN - NORTH CENTRAL AVENUE 008 BALTIMORE 91.00 25 7.68 117.1 10656.1 24423.8 4584 Natural gas 0.04

NATIONAL INSTITUTE OF HEALTH 027 BETHESDA 200.00 25 7.70 117.1 23420.0 22483.2 1920
Natural gas

0.04

NATIONAL INSTITUTE OF HEALTH 025 BETHESDA 200.00 25 8.11 117.1 23420.0 38221.4 3264
Natural gas

0.02

JOHNS HOPKINS HOSPITAL 004 BALTIMORE 103.00 25 8.41 117.1 12061.3 52828.5 8760 Natural gas 0.02

TRIGEN - LEADENHALL STREET 003 BALTIMORE 0.89 25 8.71 117.1 104.2 63.8 1224 Natural gas 15.99

FORT GEORGE MEADE 133 FORT MEADE 4.00 25 8.91 117.1 468.4 1180.4 5040
Natural gas

0.88

NATIONAL SECURITY AGENCY 002 FORT MEADE 0.58 25 9.04 117.1 67.9 166.3 4896
Natural gas

6.37

BETHLEHEM STEEL CORP - SPARROWS POINT 011 SPARROWS 

POINT

0.01 25 9.52 161.4 1.6 2.8 3456
Distillate oil

550.70

NATIONAL INSTITUTE OF HEALTH 026 BETHESDA 200.00 25 9.65 117.1 23420.0 16300.3 1392 Natural gas 0.07

FORT GEORGE MEADE 006 FORT MEADE 0.29 25 9.72 161.4 46.8 118.0 5040
Distillate oil

13.30

CHESAPEAKE PAPERBOARD COMPANY 002 BALTIMORE 200.00 25 9.87 117.1 23420.0 17143.4 1464
Natural gas

0.07



Maryland Industrial Boilers Emissions Report 
 

 Page 34 
 

Facility Name

Emission 

Unit ID City

Design Heat 

Input Capacity 

(million Btu/hr)

NOx Major 

Source 

Threshold 

(TPY)

Actual 2001 

NOx 

Emissions 

(TPY) from 

EPA NEI

CO2 AP-42 

emission 

factors for fuel 

burned 

(lb/MMBtu)

Calculated CO2 

Emissions (lb/hr) 

using AP-42 

emission factors

Calculated CO2 

Emissions 

(tons/yr) using AP-

42 emission 

factors

Annual Avg 

Hours Per 

Year

SCC 6 

DESCRIPTION 

(1st 6 numbers)

Pounds of NOx 

per Million Btu 

heat input 

(lb/MMBtu; 

calculated)

NATIONAL INSTITUTE OF HEALTH 028 BETHESDA 200.00 25 10.13 117.1 23420.0 19391.8 1656
Natural gas

0.06

FORT DETRICK 020 FREDERICK 77.00 25 10.17 117.1 9016.7 22181.1 4920
Natural gas

0.05

INTERNATIONAL PAPER - ODENTON 031 ODENTON 57.00 25 10.23 117.1 6674.7 25791.0 7728
Natural gas

0.05

PERDUE FARMS 002 SALISBURY 0.17 100 10.24 173.9 29.6 129.5 8760
Residual oil

13.75

JOHNS HOPKINS HOSPITAL 002 BALTIMORE 103.00 25 10.83 117.1 12061.3 52828.5 8760
Natural gas

0.02

JOHNS HOPKINS HOSPITAL 003 BALTIMORE 103.00 25 11.02 117.1 12061.3 52828.5 8760
Natural gas

0.02

INTERNATIONAL PAPER - ODENTON 033 ODENTON 60.00 25 11.24 117.1 7026.0 21162.3 6024
Natural gas

0.06

GENERAL MOTORS TRUCK & BUS GROUP 004 BALTIMORE 0.64 25 11.37 117.1 74.9 279.7 7464
Natural gas

4.76

NATIONAL SECURITY AGENCY 004 FORT MEADE 0.62 25 12.80 117.1 72.6 203.0 5592
Natural gas

7.38

TRIGEN - NORTH CENTRAL AVENUE 007 BALTIMORE 91.00 25 12.88 117.1 10656.1 28515.7 5352
Natural gas

0.05

JOHNS HOPKINS HOSPITAL 006 BALTIMORE 92.00 25 15.13 117.1 10773.2 47186.6 8760
Natural gas

0.04

JOHNS HOPKINS HOSPITAL 005 BALTIMORE 103.00 25 15.13 117.1 12061.3 52828.5 8760
Natural gas

0.03

GENERAL MOTORS TRUCK & BUS GROUP 007 BALTIMORE 200.00 25 16.15 117.1 23420.0 60704.6 5184
Natural gas

0.03

BACK RIVER WASTE WATER TRTMNT PLANT 004 BALTIMORE 14.00 25 16.95 117.1 1639.4 7180.6 8760
Natural gas

0.28

TRIGEN - NORTH CENTRAL AVENUE 003 BALTIMORE 150.00 25 19.41 117.1 17565.0 36043.4 4104
Natural gas

0.06

PERDUE FARMS 004 SALISBURY 8.00 100 24.09 117.1 936.8 4103.2 8760
Natural gas

0.69

PERDUE FARMS 005 SALISBURY 24.00 100 24.31 173.9 4173.6 18280.4 8760
Residual oil

0.23

TRIGEN - LEADENHALL STREET 007 BALTIMORE 1.29 25 25.84 117.1 151.1 366.2 4848
Natural gas

8.26

FMC CORP. ORGANIC CHEMICALS DIVISION 005 BALTIMORE 0.65 25 26.67 117.1 76.1 306.9 8064
Natural gas

10.18

D C CHILDREN'S CENTER 002 MARYLAND 

CITY

0.46 25 27.12 173.9 80.0 343.7 8592
Residual oil

13.73

UNIVERSITY OF MARYLAND 003 COLLEGE 

PARK

132.00 25 27.48 117.1 15457.2 35798.9 4632
Natural gas

0.09

Domino Sugar Corp - Baltimore 005 BALTIMORE 118.00 25 28.43 117.1 13817.8 34986.7 5064
Natural gas

0.10

Domino Sugar Corp - Baltimore 050 BALTIMORE 130.00 25 28.43 117.1 15223.0 38544.6 5064
Natural gas

0.09

Domino Sugar Corp - Baltimore 051 BALTIMORE 130.00 25 28.43 117.1 15223.0 38544.6 5064
Natural gas

0.09

Domino Sugar Corp - Baltimore 052 BALTIMORE 130.00 25 28.52 117.1 15223.0 38544.6 5064
Natural gas

0.09

Domino Sugar Corp - Baltimore 053 BALTIMORE 130.00 25 28.52 117.1 15223.0 38544.6 5064
Natural gas

0.09

NATIONAL INSTITUTE OF HEALTH 008 BETHESDA 245.00 25 32.40 117.1 28689.5 91921.2 6408
Natural gas

0.04

FMC CORP. ORGANIC CHEMICALS DIVISION 006 BALTIMORE 0.62 25 33.74 117.1 72.6 296.2 8160
Natural gas

13.34

BETHLEHEM STEEL CORP - SPARROWS POINT 021 SPARROWS 

POINT

2.00 25 34.85 117.1 234.2 404.7 3456
Natural gas

10.08

Westvaco Corp - Luke Mill 041 LUKE 338.00 100 35.88 117.1 39579.8 25647.7 1296
Natural gas

0.16

CONDEA VISTA COMPANY 002 BALTIMORE 0.41 25 38.72 173.9 71.3 216.5 6072
Residual oil

31.10

CHESAPEAKE PAPERBOARD COMPANY 004 BALTIMORE 160.00 25 39.44 117.1 18736.0 68348.9 7296
Natural gas

0.07

MILLENIUM INORGANIC CHEMICALS 005 BALTIMORE 130.00 25 40.36 117.1 15223.0 23382.5 3072
Natural gas

0.20
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Facility Name

Emission 

Unit ID City

Design Heat 

Input Capacity 

(million Btu/hr)

NOx Major 

Source 

Threshold 

(TPY)

Actual 2001 

NOx 

Emissions 

(TPY) from 

EPA NEI

CO2 AP-42 

emission 

factors for fuel 

burned 

(lb/MMBtu)

Calculated CO2 

Emissions (lb/hr) 

using AP-42 

emission factors

Calculated CO2 

Emissions 

(tons/yr) using AP-

42 emission 

factors

Annual Avg 

Hours Per 

Year

SCC 6 

DESCRIPTION 

(1st 6 numbers)

Pounds of NOx 

per Million Btu 

heat input 

(lb/MMBtu; 

calculated)

NAVAL SURFACE WARFARE CNTR-INDIAN HD 095 INDIAN HEAD 7.50 25 40.60 205.3 1539.8 1496.6 1944 Bituminous/Sub-

bituminous coal

5.57

CONDEA VISTA COMPANY 001 BALTIMORE 0.42 25 40.85 173.9 73.0 233.1 6384
Residual oil

30.47

PERDUE FARMS 003 SALISBURY 0.20 100 42.99 173.9 34.8 152.3 8760
Residual oil

49.08

FORT DETRICK 005 FREDERICK 1.13 25 46.16 117.1 132.3 231.8 3504
Natural gas

23.31

PERDUE FARMS 024 SALISBURY 0.35 100 49.03 173.9 60.9 266.6 8760
Residual oil

31.98

UNIVERSITY OF MARYLAND 006 COLLEGE 

PARK

157.00 25 51.78 117.1 18384.7 65302.5 7104
Natural gas

0.09

OGDEN POWER PACIFIC 001 ROCKVILLE 40.00 25 55.29 117.1 4684.0 19110.7 8160 Process gas 0.34

UNIVERSITY OF MARYLAND 005 COLLEGE 

PARK

198.00 25 85.93 117.1 23185.8 101553.8 8760
Natural gas

0.10

SIMKINS INDUSTRIES 001 ILCHESTER 1.03 25 99.48 173.9 179.1 631.9 7056
Residual oil

27.38

MILLENIUM INORGANIC CHEMICALS 004 BALTIMORE 130.00 25 111.12 117.1 15223.0 64484.6 8472
Natural gas

0.20

MILLENIUM INORGANIC CHEMICALS 003 BALTIMORE 130.00 25 111.88 117.1 15223.0 65032.7 8544
Natural gas

0.20

NAVAL SURFACE WARFARE CNTR-INDIAN HD 093 INDIAN HEAD 7.50 25 156.91 205.3 1539.8 5580.1 7248 Bituminous/Sub-

bituminous coal

5.77

BETHLEHEM STEEL CORP - SPARROWS POINT 018 SPARROWS 

POINT

725.00 25 408.50 173.9 126077.5 552219.5 8760
Residual oil

0.13

BETHLEHEM STEEL CORP - SPARROWS POINT 019 SPARROWS 

POINT

725.00 25 408.50 173.9 126077.5 552219.5 8760
Residual oil

0.13

BETHLEHEM STEEL CORP - SPARROWS POINT 016 SPARROWS 

POINT

812.00 25 408.50 173.9 141206.8 618485.8 8760
Residual oil

0.11

BETHLEHEM STEEL CORP - SPARROWS POINT 017 SPARROWS 

POINT

1085.00 25 408.50 173.9 188681.5 826425.0 8760
Residual oil

0.09

Westvaco Corp - Luke Mill 002 LUKE 785.00 100 2036.12 205.3 161160.5 700081.2 8688 Bituminous/Sub-

bituminous coal

0.60

Westvaco Corp - Luke Mill 001 LUKE 500.00 100 2076.59 205.3 102650.0 434825.4 8472 Bituminous/Sub-

bituminous coal

0.98

Westvaco Corp - Luke Mill 013 LUKE 50 lb/hr 100 6.34 unknown unknown unknown 312 Sulfate (Krfat) unknown

Westvaco Corp - Luke Mill 014 LUKE 50 lb/hr 100 432.08 unknown unknown unknown 8592 Sulfate (Krfat) unknown
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3.3 PROCESS HEATER SPREADSHEET
13

 

Table 7 identifies the NOx emissions from process heaters installed in Maryland. 

Table 7:  Maryland Process Heaters NOx Emissions 
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4. INDUSTRIAL BOILER EMISSIONS OPTIMIZATION 

The EPA report “Compilation of Air Pollutant Emission Factors, AP-42, Fifth Edition, Volume 
I: Stationary Point and Area Sources” provides information on various pollutants including NOx 
from point and area sources and breaks it down by the type of fuel being burned.  NOx control 
technology descriptions for boilers firing coal, oil, or natural gas are provided in Sections 3.1, 
3.2, and 3.3.  The control descriptions for each fuel are somewhat redundant, but have been 
included for each because there may be slight differences and each section is provided as a stand-
alone document. 

4.1 INDUSTRIAL BOILER NOX CONTROL TECHNOLOGIES 

Current NOx control technologies can be broadly classified into combustion controls and post-
combustion controls.  Combustion controls are primarily systems and techniques that limit the 
production of NOx during the combustion process.  Post-combustion controls include a variety 
of technologies to remove or reduce the NOx produced during combustion, by catalytic or non-
catalytic chemical processes.   

Thermal NOx formation is typically controlled by reducing the peak and average flame 
temperatures.  Although this approach is contrary to traditional methods of assuring complete 
combustion (i.e., high temperatures, long residence time, and high turbulence or mixing), some 
compromise between effective combustion and controlled NOx formation is needed.  This can be 
accomplished through a number of combustion system changes, such as: 

• Use of controlled mixing burners to reduce the turbulence in the near-burner region of the 
flame and to slow down the combustion process.  This typically reduces the flame 
temperature by removing additional energy from the flame before the highest temperature is 
reached. 

• Use of staged combustion where part of the combustion air is initially introduced to burn 
some of the fuel.  The remaining air is added separately to complete the combustion process.  
This lowers the peak flame temperature by reducing the oxygen concentration.  Combustion 
at very low excess air levels is an effective way to control NOx formation. 

• Use of staged combustion where a portion of the total fuel is added with an excessive amount 
of combustion air.  The remaining fuel is then added at a later stage in the combustion 
process.  Combustion at very high excess air levels (lean mixture) is an effective way to 
control NOx formation. 

• Use of a technique known as flue gas recirculation (FGR) in which some of the flue gas is 
mixed with the combustion air at the burner.  This increases the gas mass that must be heated 
by the chemical energy in the fuel, thereby reducing the flame temperature. 

• Use of multi-flame burners and lean premix combustion that breaks the total heat input into 
smaller flames with effective mixing.  This lowers peak flame temperatures and allows the 
heat to be removed rapidly by placing the flame in close proximity to the heating surface. 

• Use of a premixed blend of air and gaseous fuel, with the option of adding flue gas to the 
mixture will cause combustion to occur at a relatively low temperature, thus reducing thermal 
NOx formation. 

• Use of combinations of these techniques. 
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These approaches have been used effectively with gas, oil, or coal firing in industrial boilers to 
reduce NOx formation.  For fuels that do not contain significant amounts of chemically bound 
nitrogen, such as natural gas, thermal NOx is the primary overall contributor to NOx emissions.  
In these cases, the approaches previously described are particularly effective in NOx emission 
control. 

The major source of NOx emissions from nitrogen-bearing fuels such as coal and oil is the 
conversion of fuel-bound nitrogen to NO during combustion.  Laboratory studies indicate that 
fuel NOx contributes approximately 50% of the total uncontrolled emissions when firing residual 
oil and more than 80% when firing coal.  Nitrogen found in fuels such as coal and residual oils is 
typically bound to the fuel as part of organic compounds.  During combustion, the nitrogen is 
released as a free radical to ultimately form NO or N2.  Although it is a major factor in NOx 
emissions, only 20 to 30% of the fuel-bound nitrogen is converted to NO.  Conversion of fuel-
bound nitrogen to NO is strongly dependent on the fuel-air proportions, but it is relatively 
independent of variations in combustion zone temperature.  Therefore, reducing oxygen 
availability during the initial stages of combustion can control this conversion.  Techniques such 
as controlled fuel-air mixing and staged combustion can provide a significant reduction in NOx 
emissions. 

Removing nitrogen from fuel before it is burned is not easily achieved, but switching from a high 
nitrogen-content fuel to a lower nitrogen-content fuel may be effective in reducing NOx 
emissions.  In general, coal combustion produces the highest NOx emissions with oil combustion 
generating less and gas combustion producing the least. For oil, a reduction in fuel nitrogen 
results in a decrease in NOx formation; but for coal, reducing fuel nitrogen may not provide a 
corresponding reduction. 

A portion of the NOx that is formed by oxidation of the fuel-bound nitrogen under fuel-rich 
conditions is referred to as prompt NOx.  The name is derived from its formation very early 
during the combustion process.  Formation depends not on the fuel-bound nitrogen content but 
instead on the condition of the flame and tends to occur in rich zones in the flame front.  Oxygen 
availability is another important factor; high levels of excess air can reduce prompt NOx 
formation.  However, high excess air levels can also reduce fuel efficiency. 

Prompt NOx occurs through the formation of intermediate hydrogen cyanide (HCN) species and 
the reaction between molecular nitrogen and hydrocarbon compounds.  This reaction is then 
followed by the oxidation of HCN to NO. 

Although prompt NOx formation normally has weak temperature dependence, this dependence 
can become strong under fuel-rich conditions.  Except for burners that fully premix air and 
gaseous fuel, most burners are designed to reduce peak flame temperatures by controlling the 
rate of fuel and air mixing.  Combustion is initiated under fuel-rich conditions, and this fuel-rich 
zone is where prompt NOx is formed.  Prompt NOx can contribute from near zero to more than 
100 ppm of NO. 

4.1.1 Available Coal Combustion Control NOX Reduction Technologies 

Several techniques are used to reduce NOx emissions from coal combustion. These techniques 
are summarized in Table 8.  Combustion controls are the most widely used method of controlling 
NOx formation in all types of boilers and include low excess air (LEA), Burners-Out-Of-Service 
(BOOS), biased burner firing, overfire air (OFA), low NOx burners (LNBs), and reburn.  Post-
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combustion control methods are selective noncatalytic reduction (SNCR) and selective catalytic 
reduction (SCR).  Combustion and post-combustion controls can be used separately or combined 
to achieve greater NOx reduction from fluidized bed combustors in boilers. 

Low Excess Air (LEA) 

Operating at LEA involves reducing the amount of combustion air to the lowest possible level 
while maintaining efficient and environmentally compliant boiler operation. NOx formation is 
inhibited because less oxygen is available in the combustion zone. BOOS involves withholding 
fuel flow to all or part of the top row of burners so that only air is allowed to pass through. This 
method simulates air staging, or OFA conditions, and limits NOx formation by lowering the 
oxygen level in the burner area.  Biased burner firing involves more fuel-rich firing in the lower 
rows of burners than in the upper row of burners. This method provides a form of air staging and 
limits NOx formation by limiting the amount of oxygen in the firing zone. These methods may 
change the normal operation of the boiler and the effectiveness is boiler-specific. Implementation 
of these techniques may also reduce operational flexibility; however, they may reduce NOx by 
10 to 20 percent from uncontrolled levels. 

Overfire Air 

OFA is a technique in which a percentage of the total combustion air is diverted from the burners 
and injected through ports above the top burner level. OFA limits NOx by (1) suppressing 
thermal NOx by partially delaying and extending the combustion process resulting in less intense 
combustion and cooler flame temperatures and (2) suppressing fuel NOx formation by reducing 
the concentration of air in the combustion zone where volatile fuel nitrogen is evolved. OFA can 
be applied for various boiler types including tangential and wall-fired, turbo, and stoker boilers 
and can reduce NOx by 20 to 30 percent from uncontrolled levels. 

Low NOx Burners 

LNBs limit NOx formation by controlling the stoichiometric and temperature profiles of the 
combustion process in each burner zone. The unique design features of LNB include (1) a 
reduced oxygen level in the combustion zone to limit fuel NOx formation, (2) a reduced flame 
temperature that limits thermal NOx formation, and/or (3) a reduced residence time at peak 
temperature which also limits thermal NOx formation. 

LNBs are applicable to tangential and wall-fired boilers of various sizes but are not applicable to 
other boiler types such as cyclone furnaces or stokers. They have been used as a retrofit NOx 
control for existing boilers and can achieve approximately 35 to 55 percent reduction from 
uncontrolled levels.  They are also used in new boilers to meet New Source Performance 
Standards (NSPS) limits. LNBs can be combined with OFA to achieve even greater NOx 
reduction (40 to 60 percent reduction from uncontrolled levels). 

Reburn 

Reburn is a combustion hardware modification in which the NOx produced in the main 
combustion zone is reduced in a second combustion zone downstream. This technique involves 
withholding up to 40 percent (at full load) of the heat input to the main combustion zone and 
introducing that heat input above the top row of burners to create a reburn zone. Reburn fuel 
(natural gas, oil, or pulverized coal) is injected with either air or flue gas to create a fuel-rich 
zone that reduces the NOx created in the main combustion zone to nitrogen and water vapor. The 
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fuel-rich combustion gases from the reburn zone are completely combusted by injecting overfire 
air above the reburn zone. Reburn may be applicable to many boiler types firing coal as the 
primary fuel, including tangential, wall-fired, and cyclone boilers. However, the application and 
effectiveness are site-specific because each boiler is originally designed to achieve specific steam 
conditions and capacity which may be altered due to reburn.  Limited commercial experience 
indicates that NOx reduction of 50 to 60 percent from uncontrolled levels may be achieved. 

SNCR 

Selective non-catalytic reduction (SNCR) is a post-combustion technique that involves injecting 
ammonia (NH3) or urea into specific temperature zones in the upper furnace or convective pass. 
The ammonia or urea reacts with NOx in the flue gas to produce nitrogen and water. The 
effectiveness of SNCR depends on the temperature where reagents are injected, mixing of the 
reagent in the flue gas, residence time of the reagent within the required temperature window, 
ratio of reagent to NOx, and the sulfur content of the fuel that may create sulfur compounds that 
deposit in downstream equipment. There is not as much commercial experience to base 
effectiveness on a wide range of boiler types; however, in limited applications, NOx reductions 
of 25 to 40 percent have been achieved. 

SCR 

Selective catalytic reduction (SCR) is another postcombustion technique that involves injecting 
NH3 into the flue gas in the presence of a catalyst to reduce NOx to nitrogen and then water. The 
SCR reactor can be located at various positions in the process including before an air heater and 
particulate control device, or downstream of the air heater, particulate control device, and flue 
gas desulfurization systems. The performance of SCR is influenced by flue gas temperature, fuel 
sulfur content, ammonia-to-NOx ratio, inlet NOx concentration, space velocity, and catalyst 
condition. Although there is currently very limited application of SCR in the U.S. on coal-fired 
boilers, NOx reductions of 75 to 86 percent have been realized on a few pilot systems. 

 

Table 8, summarizes the techniques used to reduce NOx emissions from coal combustion. 
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Table 8
14

:  NOx Control Options for Coal-Fired Boilers 
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Table 8:  NOx Control Options for Coal-Fired Boilers (Contd.) 
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4.1.2 Available Combustion Control NOX Reduction Technologies FOR Fuel Oil-Fire Boilers 

In boilers fired on crude oil or residual oil, the control of fuel NOx is very important in achieving 
the desired degree of NOx reduction since fuel NOx typically accounts for 60 to 80 percent of 
the total NOx formed. Fuel nitrogen conversion to NOx is highly dependent on the fuel-to-air 
ratio in the combustion zone and, in contrast to thermal NOx formation, is relatively insensitive 
to small changes in combustion zone temperature. In general, increased mixing of fuel and air 
increases nitrogen conversion which, in turn, increases fuel NOx. Thus, to reduce fuel NOx 
formation, the most common combustion modification technique is to suppress combustion air 
levels below the theoretical amount required for complete combustion. The lack of oxygen 
creates reducing conditions that, given sufficient time at high temperatures, cause volatile fuel 
nitrogen to convert to N2 rather than NO. 

As with coal fired boilers, several techniques are used to reduce NOx emissions from fuel oil 
combustion. Fuel substitution consists of burning lower nitrogen fuels. Fuel alteration includes 
burning emulsified heavy oil and water mixtures. In addition to these, the primary techniques of 
combustion controls and post combustion controls, as listed in Section 3.1.1, coal combustion 
controls, are available. 

Low Excess Air 

Operating at low excess air involves reducing the amount of combustion air to the lowest 
possible level while maintaining efficient and environmentally compliant boiler operation.  
Reduce NOx by 10 to 20 percent from uncontrolled levels. 

Flue Gas Recirculation 

Flue gas recirculation involves extracting a portion of the flue gas from the economizer section 
or air heater outlet and readmitting it to the furnace through the furnace hopper, the burner 
windbox, or both.  This method reduces the concentration of oxygen in the combustion zone and 
may reduce NOx by as much as 40 to 50 percent in some boilers. 

Overfire Air 

Overfire air is a technique in which a percentage of the total combustion air is diverted from the 
burners and injected through ports above the top burner level.  Reduces NOx by 20 to 30 percent 
from uncontrolled levels. 

Low NOx Burners 

Low NOx burners are applicable to tangential and wall-fired boilers of various sizes. They have 
been used as a retrofit NOx control for existing boilers and can achieve approximately 35 to 55 
percent reduction from uncontrolled levels. They are also used in new boilers to meet NSPS 
limits. Low NOx burners can be combined with overfire air to achieve even greater NOx 
reduction (40 to 60 percent reduction from uncontrolled levels). 

SNCR 

The effectiveness of SNCR depends on the temperature where reagents are injected; mixing of 
the reagent in the flue gas; residence time of the reagent within the required temperature 
window; ratio of reagent to NOx; and the sulfur content of the fuel that may create sulfur 
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compound that deposit in downstream equipment.  NOx reductions of 25 to 40 percent have been 
achieved. 

SCR 

The performance of SCR is influenced by flue gas temperature, fuel sulfur content, ammonia to 
NOx ratio, inlet NOx concentration, space velocity, and catalyst condition. NOx emission 
reductions of 75 to 85 percent have been achieved through the use of SCR on oil-fired boilers 
operating in the U.S. 

Fuel Oil Alteration 

Fuel alteration for NOx reduction includes use of oil/water emulsion fuels. In controlled tests, a 
mixture of 9 percent water in No. 6 oil with a petroleum based emulsifying agent reduced NOx 
emissions by 36 percent on a Btu basis or 41 percent on a volume basis, compared with the same 
fuel in unaltered form. The reduction appears to be due primarily to improved atomization with a 
corresponding reduction of excess combustion air, with lower flame temperature contributing 
slightly to the reduction. 

A summary of various NOx controls for fuel-oil-fired boilers is presented in Table 9, taken from 
EPA Emissions Factors AP-42 data. 
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Table 9:  NOx Control Options for Oil-Fired Boilers
15
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Table 9:  NOx Control Options for Oil-Fired Boilers (Contd.) 
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Table 9:  NOx Control Options for Oil-Fired Boilers (Contd.) 
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4.1.3 Available Combustion Control NOX Reduction Technologies for Gas-Fired Boilers 

Currently, the two most prevalent combustion control techniques used to reduce NOx emissions 
from natural gas-fired boilers are flue gas recirculation (FGR) and low NOx burners.  

Flue Gas Recirculation 

In an FGR system, a portion of the flue gas is recycled from the stack to the burner windbox. 
Upon entering the windbox, the recirculated gas is mixed with combustion air prior to being fed 
to the burner. The recycled flue gas consists of combustion products which act as inerts during 
combustion of the fuel/air mixture. The FGR system reduces NOx emissions by two 
mechanisms. Primarily, the recirculated gas acts as a dilutent to reduce combustion temperatures, 
thus suppressing the thermal NOx mechanism. To a lesser extent, FGR also reduces NOx 
formation by lowering the oxygen concentration in the primary flame zone. The amount of 
recirculated flue gas is a key operating parameter influencing NOx emission rates for these 
systems. An FGR system is normally used in combination with specially designed low NOx 
burners capable of sustaining a stable flame with the increased inert gas flow resulting from the 
use of FGR. When low NOx burners and FGR are used in combination, these techniques are 
capable of reducing NOx emissions by 60 to 90 percent. 

Low NOx Burners 

The two most common types of low NOx burners being applied to natural gas-fired boilers are 
staged air burners and staged fuel burners. NOx emission reductions of 40 to 85 percent (relative 
to uncontrolled emission levels) have been observed with low NOx burners. 

Staged Combustion and Gas Reburning 

Other combustion control techniques used to reduce NOx emissions include staged combustion 
and gas reburning. In staged combustion (e.g., burners-out-of-service and overfire air), the 
degree of staging is a key operating parameter influencing NOx emission rates. Gas reburning is 
similar to the use of overfire in the use of combustion staging. However, gas reburning injects 
additional amounts of natural gas in the upper furnace, just before the overfire air ports, to 
provide increased reduction of NOx to NO2. 

SNCR and SCR 

SNCR and SCR are applied to natural gas fired boilers.  SNCR performance is estimated to 
range from 25 to 40 percent for natural gas-fired boilers.  Performance data available from 
several natural gas fired utility boilers with SNCR show a 24 percent reduction in NOx for 
applications on wall-fired boilers and a 13 percent reduction in NOx for applications on 
tangential-fired boilers.11 In many situations, a boiler may have an SNCR system installed to 
trim NOx emissions to meet permitted levels. In these cases, the SNCR system may not be 
operated to achieve maximum NOx reduction.  No data were available on SCR performance on 
natural gas fired boilers at the time of this publication. However, the ACT Document for utility 
boilers (EPA-453/R-94-023) estimates NOx reduction efficiencies for SCR control ranging from 
80 to 90 percent. 

Emission factors for NOx from natural gas combustion in boilers and furnaces are presented in 
Table 10, which is taken from EPA AP-42 Emissions Factors Data.  Expected emission 
reductions for control options can be seen in this table. 
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Emission factors are provided with a rating ranging from A to E to provide an indication of how 
“good” the factor is, with A being excellent and E being poor.  The criteria used to determine the 
rating for an emission factor is available in the Emission Factor Documentation for AP-42 
Section 1.4 and in the Introduction to the AP-42 document. 
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Table 10:  NOx and Carbon Monoxide Emission Factors for Natural Gas-Fired Boilers
16
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4.1.4 Controlled NOx Levels in lb/MMBtu 

Another EPA report, “Guide to Low-Emission Boiler and Combustion Equipment Selection” By 
C. B. Oland, April 2002 presents the controlled NOx levels in lb/MMbtu, which allows 
comparison of the present Maryland industrial boiler NOx emissions with potentially achievable 
reductions.  

A summary of the effectiveness of combustion control techniques in reducing NOx emissions 
from firetube and watertube boilers that burn various fuels is presented in Table 11 and Table 12, 
respectively.  The data in these tables were complied by EPA from published technical papers, 
EPA documents, and from the American Boiler Manufacturers Association (ABMA).  When 
values in these tables are considered, the data represent reductions based on technologies 
developed prior to the mid-1990s.  Newer equipment developed in the last few years may exhibit 
even better performance. 

Table 11 provides a summary of the potential NOx emission reductions for Firetube boilers that 
can be realized with various combustion control techniques. 

Table 11:  Performance Summary for NOx Control Techniques on ICI Firetube Boilers
17

 

 

 

Table 12 provides a summary of the potential NOx emission reductions for Watertube boilers 
that can be realized with various combustion control techniques. 
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Table 12:  Performance Summary for NOx Control Techniques on ICI Watertube Boilers 

 

Use of SCR and SNCR to reduce NOx emissions has proven very effective with reductions 
ranging between 20 and 90%.  Data in Table 13, which were complied by EPA and reported in 
1994, summarize NOx control performance using these techniques for various ICI boiler 
applications.  SCR and SNCR are the two most common postcombustion NOx control 
techniques in use, and therefore so at least one of these techniques must be considered when low-
NOx combustion technology proves insufficient to meet emission requirements. 
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Table 13:  Performance Summary for NOx Flue Gas Treatment Techniques on ICI Boilers 
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4.2 MULTI-POLLUTANT CONTROL TECHNOLOGY 

A new control technique called the Mobotec System is a multi-pollutant reduction system that 
has been made commercially available in 2005.   

The MobotecSystemTM is based on three separate technologies: 

� ROFA® which is Rotating Opposed Fire Air, 

� ROTAMIX®, Rotary mixing of chemicals, and 

� SCR, Selective Catalytic Reduction. 

ROFA (Rotating Opposed Fire Air) utilizes high velocity secondary air re-introduced higher in 
the furnace through asymmetrically placed injection ports.  The volume of combustion products 
inside the furnace is set in rotation via the specially placed air nozzles.  The combustion gases 
mix well with the added air, making a combustion gas swirl.  This generates turbulence and 
rotation in the entire furnace which produces significantly improved mixing of the combustion 
particles within the furnace as compared to conventional OFA systems.  The result is more 
complete combustion.  Surplus air can be reduced without increasing CO or other unwanted by-
products.  The ROFA® swirl reduces the maximum temperature of the flames and increases heat 
absorption, which in turn improves the boilers overall efficiency.  ROFA typically reduces NOx 
from 50% to 75%, while also reducing CO and LOI.  Boiler efficiency increases as high as 1% 
have been seen.  

ROTAMIX® is a third generation SNCR system utilizing urea or ammonia injection, capable of 
over 80% NOx reduction when used in combination with ROFA.  These chemicals are added to 
the furnace using lances that are inserted in the ROFA/ROTAMIX® nozzles.  The high velocity 
air in the ROFA system carries the chemicals into the center of the furnace.  A smaller amount of 
chemicals (usually half of that for a typical SNCR) are needed to obtain the same NOx reduction 
because of the improved mixing action provided by the high velocity air.   

Limestone, lime, or soda ash can be injected into the boiler in the same manner to reduce SO2 by 
65% to 90%.   

SCR can be combined with ROFA and ROTAMIX to achieve maximum NOx reduction.  The 
first two steps jointly produce a reduction in NOx of around 75%.  The catalyst is designed to 
reduce remaining NOx content by a further 50%.  The MobotecSystem enables the same degree 
of reduction at a considerably lower cost compared to installing SCR only. 

The Mobotec System is designed to provide reduced NOx, reduced CO, reduced PM and 
opacity, reduced fly ash, reduced SO2, and improved boiler efficiency.  Chemical usage is 
significantly reduced compared to other competing systems.  The Mobotec System works on all 
fuels, all burner types and all fuel ignition configurations including:  

Types of fuels: 

� Coal (pulverized coal) 
� Wood (pulverized wood, wood chips, wood waste) 
� Heavy Fuel Oil, Light Fuel Oil, Pine oil 
� Municipal waste 
� Natural gas 
� Peat 
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� Bark 

Combustion equipment: 

� Wall fired burners 
� T-fired burners 
� Grates 
� Spreaderstokers 
� Fluidized beds 

 

The Mobotec System is currently in use at 19 permitted facilities in the United States. 

Mobotec’s USA homepage is http://www.mobotecusa.com 

 

Another multi-pollutant control technology known as the Pahlman Process is undergoing 
development and testing and is discussed further under Future Technologies in Section 4.8. 
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4.3 POTENTIAL MARYLAND INDUSTRIAL BOILERS EMISSION RATE 

IMPROVEMENT 

As an initial step in industrial boiler emission reductions in Maryland, emission rates were 
calculated for the boilers with the expected NOx reductions from LNB only.  LNB upgrades 
were chosen because they are generally applicable to all boilers and are usually the most cost 
effective means of reducing NOx emissions. 

The controlled NOx level estimates for low NOx burners were taken from Table 6.4 in “Guide to 
Low-Emission Boiler and Combustion Equipment Selection” prepared by C. B. Oland for the 
Department of Energy, April 2002.   

These controlled NOx level estimates were compared to the actual NOx levels derived from the 
2001 NEI data.  Those boilers with actual NOx numbers already lower than those expected with 
LNB upgrades were omitted. 

Because the boilers in the NEI database are not always identified by type, the most conservative 
controlled NOx level numbers (from Table 12) are used.  Using the design heat input capacity 
and the annual operating hours for each boiler from the NEI database, and the estimated 
lb/MMBtu NOx level for LNB, the expected NOx emissions in tons per year were calculated for 
each boiler. 

 

NOx (TPY) = Design capacity × Annual hours × LNB NOx level ⁄ (2000 lb / Ton) 

 

Tons / Year = (MMBtu / Hr) × (Hr / Yr) × (lb /MMBtu) ⁄ (2000 lb / Ton) 

 

The calculated controlled NOx emissions levels for the boilers with low NOx burner upgrades 
were then subtracted from the actual 2001 NOx emissions given in the 2002 NEI data as shown 
in the last column on the right.  The NOx reduction spreadsheet in Table 14 shows that over 
1,600 tons of NOx per year reduction could be achieved if all of the industrial boilers identified 
here were to achieve emission rates equivalent to LNB technology. 

The spreadsheet ranks the boilers by NOx emission reductions with the top row showing the 
highest level of reduction expected with the low NOx burner upgrade made to Westvaco 
Corporations, Luke Mill facility’s Unit 002.   
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Table 14:  NOx Reductions by Upgrading to Low NOx Burners 

Facility Name

Emission 

Unit ID

Design Heat 

Input 

Capacity 

(million 

Btu/hr)

Actual 2001 

NOx 

Emissions 

(TPY) from 

EPA data

Annual 

Avg Hours 

Per Year

SCC 6 DESCRIPTION (1st 

6 numbers)

Pounds of NOx 

per Million Btu 

heat input 

(calculated)

Controlled 

NOx level 

estimates for 

LNB (lb/Mbtu)

Calculated 

Controlled 

NOx level for 

LNB (TPY)

NOx 

Emission 

Reduction 

(TPY)

Westvaco Corp - Luke Mill 002 785.00 2036.12 8688

Bituminous/Subbituminous 

Coal 0.60 0.36 1227.61 808.51

NAVAL SURFACE WARFARE CNTR-INDIAN HD 093 7.50 156.91 7248

Bituminous/Subbituminous 

Coal 5.77 0.36 9.78 147.13

SIMKINS INDUSTRIES 001 1.03 99.48 7056 Residual Oil 27.38 0.60 2.18 97.30

PERDUE FARMS 024 0.35 49.03 8760 Residual Oil 31.98 0.60 0.92 48.11

FORT DETRICK 005 1.13 46.16 3504 Natural Gas 23.31 0.20 0.40 45.76

PERDUE FARMS 003 0.20 42.99 8760 Residual Oil 49.08 0.60 0.53 42.47

CONDEA VISTA COMPANY 001 0.42 40.85 6384 Residual Oil 30.47 0.60 0.80 40.04

NAVAL SURFACE WARFARE CNTR-INDIAN HD 095 7.50 40.60 1944

Bituminous/Subbituminous 

Coal 5.57 0.36 2.62 37.98

CONDEA VISTA COMPANY 002 0.41 38.72 6072 Residual Oil 31.10 0.60 0.75 37.97

BETHLEHEM STEEL CORP - SPARROWS POINT 021 2.00 34.85 3456 Natural Gas 10.08 0.20 0.69 34.16

FMC CORP. ORGANIC CHEMICALS DIVISION 006 0.62 33.74 8160 Natural Gas 13.34 0.20 0.51 33.23

FMC CORP. ORGANIC CHEMICALS DIVISION 005 0.65 26.67 8064 Natural Gas 10.18 0.20 0.52 26.14

D C CHILDREN'S CENTER 002 0.46 27.12 8592 Residual Oil 13.73 0.60 1.19 25.94

TRIGEN - LEADENHALL STREET 007 1.29 25.84 4848 Natural Gas 8.26 0.20 0.63 25.22

OGDEN POWER PACIFIC 001 40.00 55.29 8160 Process Gas 0.34 0.20 32.64 22.65

PERDUE FARMS 004 8.00 24.09 8760 Natural Gas 0.69 0.20 7.01 17.08

NATIONAL SECURITY AGENCY 004 0.62 12.80 5592 Natural Gas 7.38 0.20 0.35 12.46

GENERAL MOTORS TRUCK & BUS GROUP 004 0.64 11.37 7464 Natural Gas 4.76 0.20 0.48 10.90

PERDUE FARMS 002 0.17 10.24 8760 Residual Oil 13.75 0.60 0.45 9.79

BETHLEHEM STEEL CORP - SPARROWS POINT 011 0.01 9.52 3456 Distillate Oil 550.70 0.33 0.01 9.51

FORT GEORGE MEADE 006 0.29 9.72 5040 Distillate Oil 13.30 0.33 0.24 9.48

NATIONAL SECURITY AGENCY 002 0.58 9.04 4896 Natural Gas 6.37 0.20 0.28 8.76

TRIGEN - LEADENHALL STREET 003 0.89 8.71 1224 Natural Gas 15.99 0.20 0.11 8.60

FORT GEORGE MEADE 133 4.00 8.91 5040 Natural Gas 0.88 0.20 2.02 6.89

NAVAL SURFACE WARFARE CNTR-INDIAN HD 094 7.50 7.52 648

Bituminous/Subbituminous 

Coal 3.09 0.36 0.87 6.64

NAVAL SURFACE WARFARE CNTR-INDIAN HD 102 0.01 6.56 3552 Distillate Oil 369.10 0.33 0.01 6.55

FMC CORP. ORGANIC CHEMICALS DIVISION 004 0.30 6.58 4776 Natural Gas 9.18 0.20 0.14 6.43

NATIONAL SECURITY AGENCY 003 0.58 5.67 4032 Natural Gas 4.85 0.20 0.23 5.43

BACK RIVER WASTE WATER TRTMNT PLANT 004 14.00 16.95 8760 Natural Gas 0.28 0.20 12.26 4.68

FORT DETRICK 006 0.67 4.86 2688 Natural Gas 5.40 0.20 0.18 4.68

NATIONAL SECURITY AGENCY 001 0.58 3.82 2640 Natural Gas 4.99 0.20 0.15 3.66
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Table 14:  NOx Reductions by Upgrading to Low NOx Burners (Contd.) 

 

Facility Name

Emission 

Unit ID

Design Heat 

Input 

Capacity 

(million 

Btu/hr)

Actual 2001 

NOx 

Emissions 

(TPY) from 

EPA data

Annual 

Avg Hours 

Per Year

SCC 6 DESCRIPTION (1st 

6 numbers)

Pounds of NOx 

per Million Btu 

heat input 

(calculated)

Controlled 

NOx level 

estimates for 

LNB (lb/Mbtu)

Calculated 

Controlled 

NOx level for 

LNB (TPY)

NOx 

Emission 

Reduction 

(TPY)

FORT GEORGE MEADE 005 0.11 3.34 8760 Distillate Oil 6.92 0.33 0.16 3.18

FORT DETRICK 009 0.67 3.02 2784 Natural Gas 3.24 0.20 0.19 2.83

GENERAL MOTORS TRUCK & BUS GROUP 005 0.64 3.17 6240 Natural Gas 1.59 0.20 0.40 2.77

TRIGEN - LEADENHALL STREET 008 0.68 2.79 1224 Natural Gas 6.70 0.20 0.08 2.70

Westvaco Corp - Luke Mill 033 0.01 2.66 8760 Distillate Oil 60.77 0.33 0.01 2.65

TRIGEN - LEADENHALL STREET 006 0.89 2.33 624 Natural Gas 8.40 0.20 0.06 2.28

NAVAL SURFACE WARFARE CNTR-INDIAN HD 011 0.31 2.31 1560 Residual Oil 9.57 0.60 0.15 2.17

FORT GEORGE MEADE 004 0.11 1.92 5040 Distillate Oil 6.92 0.33 0.09 1.83

NAVAL SURFACE WARFARE CNTR-INDIAN HD 009 0.29 1.91 1320 Residual Oil 9.97 0.60 0.11 1.79

FMC CORP. ORGANIC CHEMICALS DIVISION 003 0.30 1.78 1584 Natural Gas 7.48 0.20 0.05 1.73

FORT GEORGE MEADE 087 0.02 1.56 4320 Distillate Oil 36.15 0.33 0.01 1.55

FORT GEORGE MEADE 003 0.11 1.42 3720 Distillate Oil 6.93 0.33 0.07 1.35

MILLENIUM INORGANIC CHEMICALS 004 130.00 111.12 8472 Natural Gas 0.20 0.20 110.14 0.98

MILLENIUM INORGANIC CHEMICALS 003 130.00 111.88 8544 Natural Gas 0.20 0.20 111.07 0.81

FORT DETRICK 018 0.02 0.57 4728 Distillate Oil 12.03 0.33 0.02 0.55

FORT DETRICK 016 0.02 0.52 4320 Distillate Oil 12.05 0.33 0.01 0.51

FORT DETRICK 023 0.02 0.50 4200 Distillate Oil 11.94 0.33 0.01 0.49

FORT DETRICK 017 0.02 0.49 4080 Distillate Oil 12.05 0.33 0.01 0.48

MCI WORLD COM 001 0.03 0.43 1200 Distillate Oil 23.71 0.33 0.01 0.42

MCI WORLD COM 002 0.03 0.43 1200 Distillate Oil 23.71 0.33 0.01 0.42

MCI WORLD COM 003 0.03 0.43 1200 Distillate Oil 23.71 0.33 0.01 0.42

MCI WORLD COM 004 0.03 0.43 1200 Distillate Oil 23.71 0.33 0.01 0.42

MCI WORLD COM 005 0.03 0.43 1200 Distillate Oil 23.71 0.33 0.01 0.42

MILLENIUM INORGANIC CHEMICALS 005 130.00 40.36 3072 Natural Gas 0.20 0.20 39.94 0.42

TRIGEN - LEADENHALL STREET 002 0.89 0.26 192 Natural Gas 3.02 0.20 0.02 0.24

GENERAL MOTORS TRUCK & BUS GROUP 003 0.64 0.50 3360 Distillate Oil 0.47 0.33 0.35 0.15

CHESAPEAKE PAPERBOARD COMPANY 001 0.01 0.10 4368 Distillate Oil 4.65 0.33 0.01 0.09

Westvaco Corp - Luke Mill 034 0.01 0.10 4320 Distillate Oil 4.68 0.33 0.01 0.09

PERDUE FARMS 040 0.01 0.06 1200 Distillate Oil 9.18 0.33 0.00 0.05
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Table 14:  NOx Reductions by Upgrading to Low NOx Burners (Contd.) 

 

 

 

Facility Name

Emission 

Unit ID

Design Heat 

Input 

Capacity 

(million 

Btu/hr)

Actual 2001 

NOx 

Emissions 

(TPY) from 

EPA data

Annual 

Avg Hours 

Per Year

SCC 6 DESCRIPTION (1st 

6 numbers)

Pounds of NOx 

per Million Btu 

heat input 

(calculated)

Controlled 

NOx level 

estimates for 

LNB (lb/Mbtu)

Calculated 

Controlled 

NOx level for 

LNB (TPY)

NOx 

Emission 

Reduction 

(TPY)

PERDUE FARMS 041 0.01 0.06 1200 Distillate Oil 9.18 0.33 0.00 0.05

PERDUE FARMS 044 0.01 0.06 1200 Distillate Oil 9.18 0.33 0.00 0.05

PERDUE FARMS 045 0.01 0.06 1200 Distillate Oil 9.18 0.33 0.00 0.05

NATIONAL INSTITUTE OF HEALTH 027 200.00 7.70 1920 Natural Gas 0.04 LNB 0 0

NATIONAL INSTITUTE OF HEALTH 025 200.00 8.11 3264 Natural Gas 0.02 LNB 0 0

NATIONAL INSTITUTE OF HEALTH 026 200.00 9.65 1392 Natural Gas 0.07 LNB 0 0

NATIONAL INSTITUTE OF HEALTH 028 200.00 10.13 1656 Natural Gas 0.06 LNB 0 0

NATIONAL INSTITUTE OF HEALTH 008 245.00 32.40 6408 Natural Gas 0.04 LNB 0 0

Westvaco Corp - Luke Mill 001 500.00 2076.59 8472

Bituminous/Subbituminous 

Coal 0.98 cyclone 0 0

Westvaco Corp - Luke Mill 013 50 lb/hr 6.34 312 Sulfate (Kraft) Pulping unknown black liquor 0 0

Westvaco Corp - Luke Mill 014 50 lb/hr 432.08 8592 Sulfate (Kraft) Pulping unknown black liquor 0 0

TOTAL TONS PER YEAR OF NOX REDUCTIONS BY UPGRADING TO LOW NOX BURNERS 1638.10
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4.4 NOX CONTROL COSTS 

4.4.1 Cost of each Control Method 

The EPA’s Clean Air Technology Center (CATC) provides information on all areas of emerging 
and existing air pollution prevention and control technologies, including their use, effectiveness 
and cost.  Fact sheets for various control technologies can be obtained from the EPA website 
(www.epa.gov/ttn/catc/products.html). 

Table 15 shows the Unit Costs for NOx Control Technologies for Non-Utility Stationary 
Sources, from the report “Ozone Transport Rulemaking Non-Electricity Generating Unit Cost 
Analysis.”  The report was prepared for the EPA by the Pechan-Avanti Group.  It indicates 
efficiencies and cost estimates for various NOx technologies for the year 2007.  The EPA states 
“This appears to be a conservative estimate of efficiency and cost.  Efficiencies indicated in the 
table tend to be lower than currently demonstrated efficiencies.  Costs were based on historical 
information and, therefore, should be high estimates because NOx technology costs appear to be 
declining over time.  The table was included here to indicate the relative efficiency and cost of 
NOx technologies for specific types of combustion systems.” 
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Table 15:  Unit Costs for NOx Control Technologies for Non-Utility Stationary Sources 
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The CATC website has detailed fact sheets that were written in 2003 describing SCR and SNCR 
and relevant cost information.  At this time, these are the only detailed fact sheets for ICI boilers 
that are provided.   

SCR Fact Sheet Costs 

The Air Pollution Control Technology Fact Sheet for SCR (EPA-452/F-03-032) provides cost 
estimates (in 1999 dollars) for SCR based on a 350 MMBtu boiler operating with a 85% capacity 
factor and annual control of NOx.   

There is a wide range of cost effectiveness for SCR as well as SNCR due to the different boiler 
configurations and site-specific conditions.  Cost effectiveness is impacted primarily by 
uncontrolled NOx level, required emission reduction, unit size and thermal efficiency, economic 
life of the unit, and degree of retrofit difficulty. 

For an industrial coal-fired boiler the cost for an SCR ranges from 2,000 to 5,000 $/ton of NOx 
removed.  For an industrial oil, gas, or wood fired boiler the cost for an SCR ranges from 1,000 
to 3,000 $/ton of NOx removed.   

SNCR Fact Sheet Costs 

The Air Pollution Control Technology Fact Sheet for SNCR (EPA-452/F-03-031) provides cost 
estimates (in 1999 dollars) for SNCR based on industrial boilers greater than 100 MMBtu/hr.  
Capacity factor is not specified as the cost effectiveness of .SNCR is less sensitive to capacity 
factor than SCR.  Fuel type is not specified. 

For an industrial boiler greater than 100 MMBtu/hr, the cost for an SNCR ranges from 400 to 
2,500 $/ton of NOx removed based on annual control and from 2,000 to 3,000 $/ton of NOx 
removed based on seasonal control.   
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4.5 IMPACT OF EMISSIONS CONTROL EQUIPMENT ON PLANT EQUIPMENT AND 

THE ENVIRONMENT 

While the efficiency of NOx removal by emissions control equipment is of importance, the 
impact of this equipment on plant systems and other pollutants must also considered. 

With SCR installations, excess ammonia, commonly referred to as “ammonia slip,” may pass 
through the catalyst bed and react with sulfur trioxide (SO3), which may be present in the 
exhaust flue gases.  Two compounds may be formed from this reaction – ammonium sulfate 
((NH4)2SO4) and ammonium bisulfate ((NH4)HSO4).  This reaction is a concern with 
installations that use sulfur bearing fuels.  Since the sulfur content of fuel oils is greater than that 
of natural gas, operations using fuel oils result in greater SO3 levels18. 

Ammonium bisulfate causes corrosion of boiler tube materials.  Both ammonium bisulfate and 
ammonium sulfate can contribute to fouling of the boiler heat transfer surfaces that may result in 
an increase in PM10 emissions (particulate matter that is smaller in diameter than 10 microns). 

The formation of ammonium salts can be inhibited by either limiting the sulfur content of the 
fuel used (or switching to a sulfur-free fuel) and/or by restricting the amount of excess ammonia 
available to react with sulfur oxides.  Some amount of ammonia slip is unavoidable with SCR, 
primarily because of the variation in distribution of the exhaust gases.  Some SCR manufacturers 
have recommended operating with excess ammonia to compensate for the distribution of exhaust 
gases across the catalyst.  The ammonia slip in SCR units commonly ranges from 2-10 ppm. 

The use of ammonia in SCR applications may also have an effect on the disposal of fly ash from 
coal-fired plants.  Coal fly ash is sold for use with Portland cement to produce concrete or for 
highway construction.  However, the composition of the fly ash must meet certain requirements 
to be considered marketable.  The concern is that when ammoniated fly ash is used in concrete, 
the ammonia is off-gassed as the ash becomes wet.  The gaseous release of this ammonia creates 
an odor problem and raises health concerns, particularly in areas with little ventilation.  Although 
it has been noted that odor problems are minimal during the handling of ash containing less than 
100 ppm and a light odor nuisance may be expected at an ammonia level of 200 ppm19.  A 
survey of 355 coal fired units conducted by the American Coal Ash Association (ACAA) in 
1998 estimated that up to 4 million tons of fly ash per year may not be saleable and would 
require disposal.  This figure represents approximately 21% of the total ash used annually in the 
United States. 

Other concerns with SCRs include: 

• Release of stored ammonia to the atmosphere. 

• Environmental concerns and costs associated with the disposal of expended catalysts. 

Disposal of expended SCR catalyst materials is a concern since catalysts are typically 
constructed of heavy metal oxides.  Materials used for SCR catalysts include vanadium and 
titanium.  Vanadium pentoxide, which is a common catalyst material, is listed by the EPA as an 
Extremely Hazardous Material. 
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4.6 BOILER TUNING TECHNIQUES 

Emissions can often be reduced by operating the existing equipment in a more environmentally 
friendly manner.  Two operating techniques presented on the California Air Resources Board’s 
website are discussed here. 

4.6.1 Technique 1 (Applicable to Units of >2 million Btu/hr rated heat input) 

These tuning techniques are from CARB document “ANTELOPE VALLEY AIR QUALITY 
MANAGEMENT DISTRICT, RULE 1146.1 -- EMISSIONS OF OXIDES OF NITROGEN 
FROM SMALL INDUSTRIAL, INSTITUTIONAL, AND COMMERCIAL BOILERS, STEAM 
GENERATORS, AND PROCESS HEATERS” (Adopted: 10/05/90; Amended: 07/10/92; 
Amended: 05/13/94).   

The tuning techniques from the CARB document are summarized here.  Refer to the original 
document for the detailed procedure. 

This rule applies to boilers, steam generators, and process heaters that are greater than 2 million 
Btu per hour and less than 5 million Btu per hour rated heat input capacity used in any industrial, 
institutional, or commercial operation. 

EQUIPMENT TUNING GUIDANCE FOR FORCED-DRAFT BOILERS, STEAM GENERATORS, AND 

PROCESS HEATERS 

This tuning guidance is based on a tune-up procedure developed by KVB, Inc. for the United 
States EPA.  This is only a guide and no action should be performed that would result in unsafe 
conditions or would be in violation of any federal or state regulations or requirements.   

1. Operate the unit at the firing rate most typical of normal operation and record stack gas 
temperature, oxygen concentration, and CO concentration (for gaseous fuels) or smoke-spot 
number (for liquid fuels), and observe flame conditions. 

2. Increase and decrease the combustion air flow to the furnace in small increments (1% - 2%) 
to develop an O2/CO curve (for gaseous fuels) or O2/smoke curve (for liquid fuels). using the 
excess oxygen and CO or smoke-spot number data obtained at each combustion air flow.  

3. Continue to reduce combustion air flow stepwise, until one of these limits is reached: 

a. Unacceptable flame conditions - such as flame impingement on furnace walls or 
burner parts, excessive flame carryover, or flame instability. 

b. Stack gas CO concentrations greater than 400 ppm. 

c. Smoking at the stack. 

d. Equipment-related limitations - such as low windbox/furnace pressure 
differential, built in air-flow limits, etc. 

4. From the developed curves, find the stack gas oxygen levels where the CO emissions or 
smoke-spot number equal the values shown in Table 16: 
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Table 16:  Boiler Tuning Parameters and Values 

Fuel Measurement Value 

Gaseous CO Emissions 400 ppm 

#1 and #2 oils smoke-spot number number 1 

#4 oil smoke-spot number number 2 

#5 oil smoke-spot number number 3 

Other oils smoke-spot number number 4 

 

The above conditions are referred to as the CO or smoke thresholds, or as the minimum 
excess oxygen level. 

5. Add 0.5 to 2.0 percent of the minimum excess oxygen level and reset burner controls to 
operate automatically at this higher stack gas oxygen level to account for fuel variations, 
variations in atmospheric conditions, load changes, and non-repeatability or play in 
automatic controls. 

 

4.6.2 Equipment Tuning Guidance for Natural Draft-Fired Boilers, Steam Generators, and 

Process Heaters. 

This is only a guide and no action should be performed that would result in unsafe conditions or 
would be in violation of any federal or state regulations or requirements.   

1. PRELIMINARY ANALYSIS 

a. Operate the boiler, steam generator, or heater at the lowest acceptable pressure or 
temperature that will satisfy the load demand. 

b. Operate only the minimum hours necessary to perform the work required. 

c. Ensure sufficient fresh air supply for optimum combustion and that the areas of air 
supply openings are in compliance with applicable codes and regulations. 

d. Check that vents are not obstructed. 

e. Perform an "as is" combustion analysis (CO, O2, etc.) with a warmed up unit at high 
and low fire, if possible.  In addition to data obtained from combustion analysis, also 
record the following: 

i. Inlet fuel pressure at burner (at high & low fire) 

ii. Draft above draft hood or barometric damper 

1) Draft hood: high, medium, and low 

2) Barometric Damper: high, medium, and low 
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iii. Steam pressure, water temperature, or process fluid pressure or temperature 
entering and leaving the boiler, steam generator, or process heater. 

iv. Unit rate if meter is available. 

With above conditions recorded, make the following checks and corrective actions as 
necessary: 

2. CHECKS & CORRECTIONS 

a. Check that burners are in good condition and clean 

b. Check that boiler tubes and heat transfer surfaces are clean. 

c. Check that water treatment program ensures minimum scale and corrosion in boiler 
tubes. 

d. Check for steam, hot water, or process fluid leaks. 

3. ADJUSTMENTS 

While taking combustion readings with a warmed up boiler, steam generator, or process 
heater at high fire perform checks and adjustments as follows: 

a. Adjust unit to fire at rate; record fuel manifold pressure. 

b. Adjust draft and/or fuel pressure to obtain acceptable, clean combustion at both high, 
medium and low fire while ensuring that the Carbon Monoxide (CO) value remains 
below 400 parts per million (ppm) at 3% O2.  

c. Check and adjust operation of modulation controller.  Ensure proper, efficient and 
clean combustion through range of firing rates.  When above adjustments and 
corrections have been made, record all data. 

4. FINAL TEST 

Perform a final combustion analysis with a warmed up boiler, steam generator, or process 
heater at high, medium and low fire, whenever possible.  In addition to data from 
combustion analysis, also check and record: 

a. Fuel pressure at burner (High, Medium, and Low). 

b. Draft above draft hood or barometric damper (High, Medium and Low). 

c. Steam pressure or water temperature entering and leaving boiler, steam generator, or 
process heater. 

d. Unit rate if meter is available. 
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4.7 INDUSTRIAL BOILER CO2 CONTROL TECHNIQUES 

Of the many greenhouse gases (GHGs) produced from burning fossil fuels, carbon dioxide (CO2) 
is emitted in the largest quantities by far.  For fossil fueled boilers, the amount of CO2 produced 
depends on the fuel burned, the type of generation used, and the efficiency of the units. 

In general, the greater the percentage of carbon in the fossil fuel, the greater the amount of CO2 
generated.  Coal generates the greatest amount of CO2 but is seldom used in industrial boilers 
because of the coal storage, feed equipment, and ash disposal requirements.  Natural gas 
generates the least amount of CO2 per unit of energy.  Increasing the amount of natural gas used 
and minimizing the amount of coal and oil used in industrial boilers and process heaters reduces 
the amount of CO2 generated. 

The greater the efficiency of the boiler, the less CO2 produced per pound of steam or power 
generated.  There are two ways to minimize the production of CO2 from existing boilers: operate 
as efficiently as possible with given equipment, and make equipment changes that will 
significantly increase the plant efficiency. 

4.7.1 Reducing CO2 Emissions by Improving Boiler Efficiency 

All boiler emissions are reduced with improved boiler efficiency.  As boiler efficiency increases, 
less fuel is required to provide the same boiler output.  Less fuel means lower amounts of 
chemical compounds are used in the combustion process, which results in lower total emissions.  
Although the total emissions are reduced, the emission rate (lb/MmBtu) likely will not change 
significantly with an increase in boiler efficiency. 

4.7.2 CO2 Capture and Sequestration 

Advanced technologies involving CO2 capture and sequestration may be an effective means of 
handling CO2 emissions.  These methods are expensive and are not normally considered for 
industrial boilers.   

At present, there is a joint research CO2 Capture Project (CCP) being worked on by a team 
comprising eight of the world's leading energy companies.  The project aims to reduce the cost of 
CO2 capture from combustion sources and is developing methods for safely storing CO2 
underground.   

The primary objective of the CCP is to develop new, breakthrough technologies to reduce the 
cost of CO2 separation, capture, and geologic storage from combustion sources such as turbines, 
heaters, and boilers.  The CCP aims to accomplish this objective by:  

• Performing benchtop research and development (engineering studies, computer modeling, 
laboratory experiments) to evaluate the feasibility of advanced CO2 separation and capture 
technologies; specifically targeting post-combustion methods, pre-combustion 
decarbonization, and oxyfuel techniques. 

• Developing guidelines for maximizing safe geologic storage for measuring and verifying 
stored volumes and for assessing and mitigating storage risks.  

• Developing an economic model to establish lifecycle CO2 separation, capture and 
sequestration costs for current and best technologies to compare alternatives and direct the 
research and development towards the most promising technologies.  
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• Actively transferring and making available the new technologies to industry via publications, 
presentations, conferences, internet, patent licenses, and commercial services. 

Updates and additional information can be obtained from the internet at 
www.co2captureproject.com. 

 

4.8 FUTURE TECHNOLOGIES 

A number of promising technologies are currently under development and may provide 
economical reduction of pollutant emissions  in coming years.  A brief summary of these technologies 
follows: 

Ultra Low NOx Burners 

The Department of Energy is focusing much of its research on a new generation of low-NOx 
burners.  The goal is to develop advanced low-NOx burners that can also achieve the 0.15-
pound-per-million Btu standard but at a cost 25 to 50 percent below that of SCR.  Eliminating 
the post-combustion chemical plant would reduce a power plant's complexity and lower the costs 
of electricity produced for consumers. 

Advanced Reburning Concepts 

Another possible way to reduce NOx emissions is a concept called "reburning."  In the reburning 
process, part of the fuel is injected into a separate reburn zone, typically above the main 
combustion zone.  Oxygen levels are kept low in the reburn zone, and the resulting fuel-rich 
conditions break apart NOx formed in the main combustion zone.  Although early versions of 
reburning were demonstrated in the Clean Coal Technology Program, the Energy Department is 
studying more advanced reburn (AR) concepts, including some approaches in which reburning is 
combined with selective non-catalytic reduction. 

The second generation AR systems incorporate several components which can be used in 
different combinations.  These components include: 

� Reburning - Injection of the reburn fuel and overfire air. 

� N-agent Injection - The N-agent (ammonia or urea) can be injected at different locations 
into the reburning zone, along with the overfire air, and downstream of the overfire air 
injection. 

� N-agent Promotion - Several sodium compounds can considerably enhance the NOx 
control from N-agent injection.  These “promoters” can be added to aqueous N- agents. 

� Two Stages of N-agent Injection and Promotion - Two N-agents with or without 
promoters can be injected at different locations for deeper NOx control. 

 

Oxygen Enhanced Combustion 

Another advanced approach for reducing NOx may be to add oxygen to the combustion process. 
Although this seems counter-intuitive, because oxygen promotes higher flame temperatures, 
research has shown that by carefully controlling the way in which oxygen is added, the 
efficiency of the combustion process can be improved (meaning less fuel is consumed) and the 
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availability of nitrogen can be reduced.  NOx emissions reductions of as much as 80-90% have 
been demonstrated at commercial glass melting furnaces that have been converted to oxygen-
enhanced fuel firing.  Key to this approach will be an economical way to produce the required 
oxygen.  Ceramic membranes, which allow only the oxygen in air to pass through, could be one 
way to lower the cost of oxygen production. 

 

Enhanced Mobotec System for Mercury Control 

Under development, as part of the Mobotec System discussed in Section 4.2 is the injection of 
limestone or activated carbon into the furnace via their Rotamix system to reduce mercury 
emissions.  This mercury control technology is under development and testing at sites where the 
Mobotec System is already in place for NOx and SO2 control. 

 

Pahlman Process 

The Pahlman Process, developed by EnviroScrub Technologies Corporation, is now in full-scale 
development and testing.  The process is designed to control mercury compounds, Nitrogen 
Oxides (NOx), Particulate Matter (PM2.5), and Sulfur Dioxide (SO2) in fossil fueled boilers and 
municipal solid waster incinerators. 

The control principle of the Pahlman Process has the flue gas stream passing through a filter 
baghouse in which specially-developed, small-particle, high-surface area metal oxide sorbent 
have been deployed.  Pollutants are removed from the gases by adsorption.  

The incoming gas stream passes through an electrostatic precipitator to remove large particles.  
Then the gas stream passes through a spray dryer, into which liquid metal oxide sorbent is 
injected.  Sorbent dries as it passes downstream with gases into a filter baghouse.  In the filter 
baghouse, layers of dry sorbent form a filter cake on the bags.  NOx, SOx, and mercury are 
captured via adsorption as they pass from the spray dryer down through the filter cake in the 
baghouse.  After the sorbent becomes laden with captured pollutants, it is pulsed off-line into a 
wet regeneration process that separates pollutants from the sorbent.  The regenerated sorbent is 
stored in liquid form to be deployed again via the spray dryer.  The captured nitrogen and sulfur 
are purified and converted into granular fertilizer by-products.  The mercury is segregated and 
contained to be disposed of as a hazardous waste. 

The EnviroScrub website is at http://www.enviroscrub.com 

 

Hybrid Power Systems 

With many of the combustion advances of the late 20th century now moving into commercial 
use, the Department of Energy’s Fossil Energy program has refocused its combustion research 
program to new types of "hybrid" technologies - typically coal-based systems that combine coal 
combustion and coal gasification into a highly efficient, environmentally clean power-generating 
technology. 
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Linking a coal gasifier and a combustor arranged in a "topping cycle" could be an ideal 
combination of lower-cost capital equipment, high-performance fuel use, and improved 
environmental performance for future power plants.  The combination may be particularly suited 
for smaller power stations - those in the 200-300 megawatt range, which are likely to become 
more attractive as power companies develop strategies to deal with the growing uncertainties 
involved in forecasting future power demands. 

In a "hybrid" system, coal is partially gasified in a pressurized gasifier.  This produces a fuel gas 
that can be combusted in a gas turbine - the "top" of the cycle, hence the name.  Left behind in 
the gasifier is a combustible char that can be burned in a fluidized bed combustor or advanced 
high-temperature furnace to produce steam to drive a steam-turbine power cycle and to heat 
combustion air for the gas turbine.  Heat from the gas turbine exhaust also can be recovered to 
produce steam for the steam turbine. 

This highly integrated system of gasifiers, combustors, gas and steam turbines results in a high 
overall fuel-to-electricity efficiency, exceeding 55 percent in many advanced concepts (the 
average efficiency of today's coal-burning power plant typically is around 33-35%).  Higher 
efficiencies mean more affordable electric power for consumers, and because less fuel is required 
to generate electricity, overall pollutant emissions can be significantly reduced. 

Hybrid systems may also lead to less expensive power plants.  Because it is not required to break 
down coal completely into synthetic gas, a partial coal gasifier can be a relatively simple, 
compact, and low-cost component.  The char combustion system likewise can be a relatively low 
cost module, and unlike many older coal combustors, which are designed to fire a specific type 
of coal, fluidized bed combustors can accept a wide range of fuels and would have no trouble 
burning chars produced from a variety of different coals. 

Because of the lower capital costs and the capability to use relatively low cost fuels, a future 
"hybrid" power plant might be able to produce electricity at costs 25 percent or more lower than 
today's conventional pulverized coal-fired power plants. 

The gasifier-combustor combination also has numerous environmental advantages.  Not only 
does it produce fewer greenhouse gas emissions (because of increased efficiencies), more that 90 
percent of sulfur pollutants emitted from the coal can be captured in the gasifier and combustor 
by adding sulfur-absorbing limestone.  Nitrogen oxide emissions are inherently reduced in a 
fluidized bed combustor because the 'fluidizing' action of the combustion process keeps firing 
temperatures below the threshold where much of the nitrogen oxides form.  With new 
technology, the fuel gas can be filtered at high temperatures to remove dust and alkalis, avoiding 
the energy loss of cooling the gas that is necessary in other systems. 

The Department of Energy's Office of Fossil Energy has set a goal of developing initial concepts 
for "hybrid" gasifier-combustor power systems by 2010, with more advanced versions ready for 
large-scale testing by 2015.  This timetable would make "hybrid" technology a candidate for the 
core of the Department's Vision 21 energy plant of the future. 
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5. POSSIBLE MARYLAND STATE POLICY INITIATIVES 

While the boiler operators and owners are responsible for emissions from their facilities, the 
emission control equipment for the various boilers and the way they are operated are based on 
the need to meet federal and state environmental regulations.  Maryland state policy dictates the 
approach to emissions reduction for boilers within the state now in service and those being 
planned.  Recommendations are presented here that reflect the need for the state and the boiler 
owner/operators to work together to meet the present and future environmental limits. 

Recommendations include: 

• Work to minimize production of NOx and CO2 from existing ICI boilers and process heaters 
through the implementation of efficiency guidelines and optimization techniques. 

• Work to minimize production of NOx and CO2 from new facilities by providing incentives to 
use technologies that minimize the production of NOx and CO2. 

• Improve reporting/gathering of information by building upon the existing Federal reporting 
requirements so as to have the best available NOx emissions data for each facility as well as 
reliable information for determining cost effectiveness of emissions control techniques. 
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6. CONCLUSIONS 

As stated in the 1999 EPA report20, “Nitrogen Oxides (NOx), Why and How They Are 
Controlled”, there seems to be no single control technology which is clearly superior for all 
combustion systems, boilers, engines, or fuels.  Lacking a clear winner, one must select fuels and 
control technology either from among those already proven, or from a growing number of new 
and promising ideas. 

Past research must of necessity give ambivalent answers, because there are so many conflicting 
factors.  However, at under $150 per ton of NOx prevented21 and with up to 80% control 
efficiency, the low-NOx burner, where applicable, appears to be among the least expensive 
emission control technologies.  SCR is more expensive, but can obtain up to 94% control 
efficiency.  SNCR can be adopted without the initial cost of catalyst, although it is somewhat less 
effective.  LNB, SCR and SNCR are all viable technologies across a wide spectrum of 
applications. 

The Mobotec System discussed in Section 4.2 claims reduced costs with the effectiveness of 
SCR.  The newer emission control systems are not included in the cost tables, but should be 
investigated before installing “traditional” emission control systems. 

In Section 4.3, the spreadsheet titled “NOx Reduction by Upgrading to Low NOx Burners“ ranks 
the Maryland boilers by NOx emission levels and shows the NOx reduction (tons/year) that can 
be achieved for each boiler by upgrading to low NOx burners.  The NOx reduction estimates in 
the spreadsheet are derived from tables of emission reduction estimates for various generic boiler 
types and sizes.  Before emission reduction controls are installed at any of these facilities, a 
closer look should be taken of similar facilities with emission control upgrades in service.  
Control equipment vendors should also be contacted for their expertise. 

If emission reductions are to be pursued, incentives will be needed to entice boiler owners to 
install emission control upgrades or new stricter standards will have to be adopted.   
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