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UNITS, SPECIES, ACRONYMS 
 
Acronyms 
APCD � Air Pollution Control Device 
BACT �Best Available Control Technology 
BART � Best Available Retrofit Technology 
BOOS � Burners Out of Service 
CAA � Clean Air Act 
CAAA � Clean Air Act Amendments (of 1990) 
CFBA � Circulating Fluidized-Bed Absorption 
CFR � Code of Federal Regulations 
DI � Dry Injection 
DSI � Dry Sorbent Injection 
EGU � Electricity Generating Unit 
ESP � Electrostatic Precipitators 
FBC � Fluidized Bed Combustion 
FF � Fabric Filter (also known as baghouse) 
FGD � Flue Gas Desulfurization (also known as SO 2 scrubber) 
FGR � Flue Gas Recirculation 
FOM � Fixed Operating and Maintenance Costs 
FSI � Furnace Sorbent Injection 
GR � Gas Reburn 
HHV � Higher Heating Value 
ICI � Industrial, Commercial, and Institutional (bo ilers) 
LAER � Lowest Achievable Emission Rate 
LNB � Low-NOx Burner 
LSDI � Lime Slurry Duct Injection 
LSFO � Limestone Forced Oxidation 
LSC � Low-Sulfur Coal (also known as compliance coa l) 
MACT � Maximum Achievable Control Technology 
MANE-VU � Mid-Atlantic-Northeast Visibility Union 
MC � Mechanical Collector 
NAAQS � National Ambient Air Quality Standard 
NCG � Non-Condensable Gases 
NESCAUM � Northeast States for Coordinated Air Use Management 
NSPS � New Source Performance Standards 
NSR � Normalized Stoichiometric Ratio 
OFA � Overfire Air 
PC � Pulverized Coal 
PRB � Powder River Basin (coal) 
RACT � Reasonably Available Control Technology 
RPO � Regional Planning Organization 
SCA � Specific Collection Area 
SCR � Selective Catalytic Reduction 
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SD � Spray Dryer 
SIP � State Implementation Plan 
SNCR � Selective Non-Catalytic Reduction 
TCR � Total Capital Requirement 
TR � Transformer Rectifier 
UBC � Unburned Carbon 
US EIA � United States Energy Information Administr ation 
US EPA � United States Environmental Protection Age ncy 
ULNB � Ultra Low-NOx Burner 
VOM � Variable Operating and Maintenance (costs) 
WESP � Wet Electrostatic Precipitator 
WFGD � Wet Flue Gas Desulfurization (also known as wet SO2 scrubber) 
 
Chemical Species 
HCl � Hydrochloric Acid 
HF � Hydrofluoric Acid  
H2SO4 � Sulfuric Acid 
NOx � Oxides of Nitrogen (NO 2 and NO) 
NO � Nitric Oxide 
NO2 � Nitrogen Dioxide 
NH3 � Ammonia 
PM2.5 � Particulate Matter up to 2.5 µm diameter in size 
PM10 � Particulate Matter up to 10 �µm diameter in size 
S � Sulfur 
SO2 � Sulfur Dioxide 
SO4 � Sulfate 
VOC � Volatile Organic Compound 
 
Units 
Length 
m � meter 
µm � micrometer or micron (0.000001 m; 10 -6 m) 
km � kilometer (1000 m; 10 3 m) 
Mm � Megameter (1,000,000 m; 10 6 m) 
 
Flow Rate 
acfm � actual cubic feet per minute 
 
Volume 
L � liter 
m3 � cubic meter  
 
Mass 
lb � pound 
g � gram 
µg � micrograms (0.000001 g; 10 -6 g) 
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kg � kilograms (1000 g; 10 3 g) 
 
Force 
psi � pounds per square inch 
 
Power 
W � watt (Joules/sec) 
kW � kilowatt (1000 W; 10 3 W) 
MW � megawatt (1,000,000 W; 10 6 W) 
 
Energy 
Btu � British thermal unit (= 1055 Joules) 
MMBtu � million Btu 
MWhr � megawatt-hour 
kWhr � kilowatt-hour 
 
Concentration 
µg/m3 � micrograms per cubic meter  
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EXECUTIVE SUMMARY 
 
ES-1 Objectives 

The main objective of this study is to evaluate the viability of technologies for controlling 
emissions of nitrogen oxides (NOx), sulfur dioxide (SO2), and particulate matter (PM) from 
industrial, commercial, and institutional (ICI) boilers.  These pollutants contribute to the 
formation of ozone, fine particles, and regional haze, and to ecosystem acidification.  This source 
sector is coming under increased scrutiny by air quality regulators needing emission reductions 
to meet Clean Air Act requirements.   

This study also includes a literature review of emission control costs and develops 
methods for estimating the costs and cost effectiveness of air pollution controls for ICI boilers.  
The study concludes that ICI boilers are a significant source of emissions, are relatively 
uncontrolled compared to electricity-generating units (EGUs), and offer the potential to achieve 
cost effective reductions for all three pollutants.  The results of this technical and economic 
evaluation are intended as a resource in assessing regulatory and compliance strategies for ICI 
boilers. 

Most of the technologies considered in this report have been successfully applied to the 
larger EGU boilers.  This study investigates both the feasibility of down-scaling such control 
technologies for ICI boiler applications and of certain technologies that have not been applied to 
EGUs, but show promise for the ICI boilers. 

ES-2 Report Organization 
Chapter One provides an overview of the ICI boiler fleet in terms of boiler size, 

applications, fuel type and associated emissions.  Chapters Two, Three, and Four discuss control 
technology options for NOx, SO2 and PM, respectively.  Each chapter provides:  (1) descriptions 
of available control technologies; (2) a discussion of the applicability of these technologies to ICI 
boilers; (3) published cost estimates; and (4) an assessment of the impact of control technologies 
on overall facility efficiency.  Chapter Five summarizes information about air pollution control 
equipment costs for ICI boilers calculated with the Coal Utility Environmental Cost (CUECost) 
model. 

ES-3 Differences between ICI and EGU Boilers 
ICI and EGU boilers differ in size, application, design, and emissions.  Most commercial 

and institutional boilers are relatively small, with an average capacity of 17 MMBtu/hour.  
Industrial boilers can be as large as 1,000 MMBtu/hr or as small as 0.5 MMBtu/hr.  By contrast, 
the average size of a coal-fired EGU boiler in the U.S. is greater than 2,000 MMBtu/hr. 

All coal-fired EGUs in the United States are equipped with PM control devices and many 
have SO2 and NOx emission controls.  ICI boilers are significantly less likely to have air 
pollution control devices. 

As part of this study, NESCAUM conducted a preliminary survey of the use of emission 
controls on ICI boilers in the Northeast.  Survey results revealed that more than half of the units 
surveyed in the region had no controls; about one-third had PM controls, while very few units 
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had NOx controls.  None of the surveyed units had SO2 controls, although some have wet venturi 
scrubbers for PM control, which minimally reduce SO2 emissions. 
 

Technical, operational, economic and regulatory factors impose different opportunities 
and constraints on the applicability of air pollution control devices (APCDs) for EGU and ICI 
boilers.  The following technical and operational characteristics must be evaluated in 
determining the potential applicability of emission controls for specific ICI boilers. 

• Fuel type and quality � SO 2, PM, and NOx emissions from coal-fired boilers are 
typically higher than from those burning natural gas, oil, or wood waste.  Some APCD 
technologies are not particularly sensitive to such variations.  For example, an 
electrostatic precipitator (ESP) or a fabric filter (FF) can accommodate different PM 
concentrations, although the type and size of PM and gas temperatures will have an 
impact.  Other controls that utilize reagents, such as SO2 scrubbers and selective 
catalytic reduction or selective non-catalytic reduction (SCR/SNCR) technologies for 
NOx, are directly affected by fuel type and quality. 

• Duty cycle � APCD controls must be capable of accom modating significant variation 
or cycling of boiler loads.  These variations affect flue gas flow rates and temperatures, 
which in turn may require different control capability.  For example, an SCR or SNCR 
system must operate within a temperature window that may or may not exist across the 
load range for a particular ICI boiler. 

• Design differences � The presence of equipment such  as economizers or air preheaters 
has a direct impact on flue gas temperatures.  Temperature-sensitive technologies such 
as ESPs, SO2 scrubbers, and SCR/SNCR that are widely used in EGUs may or may not 
be applicable to ICI boilers in certain cases. 

 

ES-4 NOx Control Technologies 
Emission control strategies for NOx can be divided into two basic categories:  

combustion modifications and post-combustion technologies.  Control efficiency ranges and cost 
effectiveness ($/ton of NOx removed) for various technologies are provided in Table ES-1.  
Combustion modification technologies, which minimize the formation of NOx during the 
combustion process, include:  combustion tuning; low-NOx burners and overfire air (LNBs and 
OFA); and gas, oil, or coal reburn. 

 
LNBs have minimal effect on overall operating costs, but may introduce higher carbon 

monoxide and/or carbon levels in the fly ash, which reflect lower plant efficiency.  In the case of 
gas reburn, operating costs are primarily a function of the fuel cost differential; for coal or oil 
reburn, fuel preparation costs (pulverization and atomization, respectively) represent the primary 
operating and maintenance costs.  While gas reburn is easier to implement, the fuel differential 
costs are often prohibitive.  The overall cost of low-NOx combustion technology installation 
depends on the firing system, and this is reflected in the lack of a clear relationship between 
capital cost and boiler capacity. 

 
Post-combustion technologies reduce the amount of NOx exiting the stack that was 

formed during combustion.  This group includes SNCR, SCR, and regenerative SCR (RSCR) 
technologies.  Because the reaction occurs without the need for catalysts, SNCR systems have 
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lower capital costs, but achieve lower NOx reduction.  SCR, on the other hand, is capital-
intensive, but offers the opportunity for significantly greater NOx reductions because a dedicated 
reactor and a reaction-promoting catalyst ensure a highly controlled, efficient reaction.  RSCR 
combines a regenerative thermal oxidizer with SCR technology, making it suitable for facilities 
with lower gas temperatures, such as those found in some ICI boilers.  RSCRs can also reduce 
carbon monoxide emissions by half. 

ES-5 SO2 Control Technologies 
SO2 emission control technologies are post-combustion devices that utilize a process 

involving SO2 reacting in the exhaust gas with a reagent (usually calcium- or sodium-based) and 
removal of the resulting product (a sulfate/sulfite) for disposal or commercial use.  SO2 control 
technologies are commonly referred to as flue gas desulfurization (FGD) and/or �scrubbers� and 
are usually characterized in terms of the process conditions (wet vs. dry), byproduct utilization 
(throwaway vs. saleable), and reagent utilization (once-through vs. regenerable).  Wet scrubbers 
provide much greater levels of SO2 control.  Conventional dry processes include spray dryers 
(SDs) and dry sorbent injection (DSI).  The capital costs of wet scrubbers are higher than those 
of dry scrubbers, although the cost effectiveness values (in dollars per ton of SO2 removed) of 
wet and dry processes are similar.  DSI technology has a significantly lower capital cost than wet 
or dry scrubbers and should therefore be more attractive for ICI boilers than conventional 
scrubbers. 

In the eight-state NESCAUM region, residual oil is a common fuel for ICI boilers.  
Switching to a lower sulfur residual oil (for example, from 3 percent to 1 percent sulfur residual 
oil) can provide cost-effective SO2 reductions.  The cost of switching to lower sulfur distillate oil 
is much higher than switching to low sulfur residual oil, because the cost of distillate oil has been 
about twice that of residual oil in recent years.  The cost effectiveness (in dollars per ton of SO2 

removed) from switching from residual fuel oil to distillate fuel oil is not as attractive and falls in 
the range of the cost effectiveness of installing a FGD scrubber. 

ES-6 PM Control Technologies 
Combustion processes emit both primary and secondary particulate matter.  Primary 

emissions consist mostly of fly ash (e.g., non-combustible inorganic matter and unburned solid 
carbon).  Secondary emissions are the result of condensable particles such as nitrates and sulfates 
that typically make up the smaller fraction of the particulate matter.  PM control technologies 
include:  fabric filters or �baghouses,� wet and dr y ESPs, venturi scrubbers, cyclones, and core 
separators.  While PM controls are not currently widely used on ICI boilers, there are no 
technical reasons why PM controls cannot be applied to solid-fueled and oil-fired ICI boilers. 

ES-7 Impact of Control Technologies on Operational Efficiency and Carbon 
Dioxide Emissions 

Air pollution control technologies and strategies (e.g., fuel switching) can have varying 
impacts on the overall efficiency of the host plant.  This impact can be either positive or negative 
depending on technology and fuel choices. 

Carbon dioxide (CO2) emissions are primarily a function of the carbon content of fuels.  
However, the application of conventional pollutant control technologies can affect CO2 
emissions.  This impact can vary widely among technologies within the same pollutant (e.g., 
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LNB vs. SCR for NOx), as well as across different pollutants (e.g., fabric filter for PM vs. 
scrubbers for SO2). 

Combustion modification technologies for NOx have essentially no impact on the CO2 
emissions of the host boilers � with the noted exce ption of reburn when displacing coal or oil 
with natural gas � because the technologies do not impose any significant parasitic energy 
consumption (auxiliary power) requirements.  With respect to the post-combustion technologies, 
both SNCR and SCR impose some degree of energy demand on the host boiler.  These impacts 
include pressure, compressor, vaporization, and steam losses, and can range from 1�2 kW/1000 
actual cubic feet per minute (acfm) for SNCR and up to about 4 kW/1000 acfm for SCR. 

The major components affecting energy consumption for SO2 systems include electrical 
power associated with material preparation (e.g., grinding) and handling (pumps/blowers), flue 
gas pressure loss across the scrubber vessel, and steam requirements.  The power consumption of 
the SO2 control technologies is further affected by the SO2 control efficiency of the technology 
itself.  SO2 controls have a range of potential parasitic losses, from duct injection representing 
about 1�2 kW/1000 acfm to wet FGD at as high as 8 k W/1000 acfm.  

PM control technologies will result in some parasitic energy loss due to pressure loss, 
power consumption, and ash handling.  Dry ESPs and fabric filters have the lowest associated 
parasitic power consumption (<2 kW/1000 acfm), while high-energy venturi scrubbers can be up 
to 10 kW/1000 acfm or higher. 
 
ES-8 Cost Analysis 

Cost is an important factor in evaluating the viability of air pollution control 
technologies.  Information on capital and operating costs is more readily available for EGU than 
ICI boilers.  Operating costs may be different for ICI boilers than utility boilers because of their 
size and the fact that they are typically located on smaller sites.  Operating costs also include 
waste disposal and reagent use.  ICI boiler sites typically have higher contingency, general 
facility, engineering, and maintenance costs, as a percentage of total capital cost, than those for 
utility boilers. 

Cost estimates for ICI boilers with capacities ranging from 100 to 250 MMBtu/hr were 
generated by the CUECost model.  This model, created by Raytheon Engineers for US EPA, was 
originally developed for large coal-fired EGUs and calculates capital and operating costs for 
certain pre-defined air pollution control devices for NOx, SO2, and PM.  The CUECost model 
produces approximate estimates (–30 percent accuracy) of installed capital and annualized 
operating costs.  The CUECost model was adapted in this study for ICI boilers burning a variety 
of fuels by changing the fuel composition and heating value to simulate different fuels.  This 
study represents the first attempt to utilize a comprehensive cost model specific to ICI boilers. 

Chapter Two contains a detailed discussion of the literature values for NOx control costs 
for ICI boilers.  The NOx control costs for ICI boilers computed with CUECost were largely 
consistent with values reported in the literature.  In terms of NOx removal, reported values were 
in the range of $1,000 to $3,000 per ton for LNBs or SNCR, and $2,000 to $14,000 per ton for 
SCR.  The SCR costs for coal-fired ICI boilers appear to be consistent with the literature, 
although the CUECost capital cost values for residual oil were higher than the literature values.  
The capital costs for SNCR calculated from the CUECost models were in good agreement with 
literature values, particularly their sensitivity to boiler capacity.  The capital costs for LNBs 
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calculated from CUECost for coal-fired boilers were consistent with the literature values, 
although the costs for residual oil-fired boilers were higher in CUECost than the literature 
values. 

Chapter Three contains a detailed discussion of the literature values for SO2 control costs 
for ICI boilers.  In terms of the cost per ton of SO2 removed, reported values were in the range of 
$1,600 to $5,000 for spray dryers (SDs) and $1,900 to $5,200, for wet FGDs.  The SO2 capital 
costs computed with CUECost for SDs were in the range of the literature values at 
250 MMBtu/hr.  However, the capital costs computed by CUECost for wet FGDs were high 
compared to values reported in the literature. 

Chapter Four contains a detailed discussion of the literature values for PM control costs.  
Literature values for capital costs for PM control were evaluated from EPA reports on PM 
controls applied to industrial boilers.  The cost effectiveness of ESPs was in the range of $50 to 
$500 per ton of PM for coal, and up to $20,000 per ton of PM for oil.  The cost effectiveness of 
baghouses was in the range of $50 to $1,000 per ton of PM for coal and up to $15,000 per ton of 
PM for oil. 

The dry-ESP control costs computed with CUECost were consistent with the literature 
values, although the CUECost predicted slightly higher values than reported by EPA for dry, 
wire-plate ESPs.  The baghouse/fabric filter costs computed with CUECost were higher than the 
literature values for pulse-jet fabric filters. 

This adaptation of CUECost model from EGUs to ICI boilers was intended to investigate 
the feasibility of estimating costs of controlling emissions of NOx, SO2, and PM from ICI 
boilers.  Further detailed work would be needed to validate this approach, but initial results 
included in this report are promising. 
 

ES-9 Conclusion 
ICI boilers are a significant source of NOx, SO2, and PM emissions, which contribute to 

the formation of ozone, fine particles, and regional haze, and to ecosystem acidification.  These 
boilers are relatively uncontrolled compared to EGUs and offer the potential to achieve cost-
effective reductions for all three pollutants.  A host of proven emission control technologies for 
EGUs can be scaled-down and deployed in industrial, commercial, and institutional settings to 
cost-effectively reduce emissions of concern.  Other technologies that have not been applied to 
EGUs show promise for ICI boiler applications.  Careful analysis will be needed to match the 
appropriate emission control technology for specific applications given:  boiler size, fuel 
type/quality, duty-cycle, and design characteristics.  Further, regulators will need to determine 
the level of emission reductions needed from this sector in order to inform the appropriate choice 
of controls. 
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Table ES-1.  ICI Boiler Control Technologies 

Pollutant Technology Control 
Efficiency 

Cost Effectiveness 

$ per ton 

NOx    

Combustion 
Modifications 

Tuning 5-15% current data not 
available 

 LNB 25-55% $750-$7,500 

 Reburn 35-60% current data not 
available 

Post-
Combustion 

SNCR 30-70% $1,300-$3,700 

 SCR 70-90% $2,200-$14,400 

 RSCR 60-75% $4,500 

SO2 Wet Scrubbers 95+% $1,900-$5,200 

 Spray Dryers 90-95% $1,600-$5,200 

 Dry Sorbent Injection 40-90% current data not 
available 

PM    

 Fabric Filters/Baghouses 99+% $400-$1,000 � coal 

$6,900-$16,500- oil 

 Wet/Dry ESPs 99+% $160-$2,600 � coal 

$2,300 to $43,000 - 
oil 

 Venturi Scrubbers 50-90% current data not 
available 

 Cyclones 70-90% current data not 
available 

 Core Separators 60-75% current data not 
available 
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1 INTRODUCTION 

1.1 Objectives 
 

The main objective of this study is to evaluate various available control technologies and 
their cost effectiveness in reducing emissions of three pollutants: oxides of nitrogen (NOx), 
sulfur dioxide (SO2), and primary fine particulate matter (PM2.5) from industrial, commercial, 
and institutional (ICI) boilers.  The study results should provide a strong technical and economic 
basis for developing cost-effective regulations and strategies to reduce emissions of these three 
major pollutants from ICI boilers. 

  

1.2 Regulatory Drivers 
 

 Federal, state and local governments regulate all major criteria air pollutants under the 
authority of the Clean Air Act (CAA).  The CAA mandates control of pollutants such as NOx, 
SO2, and PM2.5 to attain and maintain National Ambient Air Quality Standards (NAAQSs) for 
ozone and PM2.5, reduce acidic deposition, and improve visibility under regional haze 
regulations.  Emission standards for specific source categories, including ICI boilers, are also set 
by federal, state, and local governments to attain and maintain a NAAQS.  Examples of these 
emission standards include New Source Performance Standards (NSPS), Best Available Control 
Technology (BACT), Lowest Achievable Emission Rate (LAER), Reasonably Available Control 
Technology (RACT), and Best Available Retrofit Technology (BART). 

States must formulate State Implementation Plans (SIPs) that provide a framework for 
limiting air emissions from major sources as part of a strategy for demonstrating attainment and 
maintenance of NAAQS.  Some individual SIPs (if allowed by the state law) may set more 
stringent limits on emissions of NOx, SO2, and PM2.5 than required by the federal rules.  
However, states cannot set less stringent limits than required by federal rules and regulations.  
Generally, federal, state, and local permitting authorities rely upon available information on the 
latest advanced technologies for emission control when setting emission limits.  Where 
applicable, permitting authorities require BACT and RACT in order to reduce air emissions from 
stationary sources.  In areas that have not achieved a NAAQS (i.e., non-attainment areas), the 
CAA requires air pollution limits established by LAER for new major stationary sources and 
major modifications to existing stationary sources.  BACT and RACT analyses consider the cost 
of controls.  LAER control technologies, applicable to new major sources located in non-
attainment areas, must be installed, operated and maintained without consideration of costs. 

1.3 Characterization of Combustion Sources 

1.3.1 Description of Combustion Sources 
 

Boilers utilize the combustion of fuel to produce steam.  The hot steam is then employed 
for space and water heating purposes or for power generation via steam-powered turbines.  
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Boiler size is typically represented in four ways:  fuel input in units of MMBtu/hr, output of 
steam in lb steam/hr at a specified temperature and pressure, boiler horsepower (1 boiler hp = 
33,475 MMBtu/hr), or electrical output in MWhr or MW (if electricity is generated). 

The three main types of boilers are described below:  

• Firetube boilers.  Hot gases produced by the combustion of fuel are used to heat water.  
The hot gases are contained within metal tubes that run through a water bath.  Heat 
transfer through thermal conduction heats the water bath and produces steam.  Typically, 
firetube boilers are small, with capacity below 100 MMBtu/hr. 

• Watertube boilers.  Hot gases produced by fuel combustion heat the metal tubes 
containing water.  Typically, there are several tubes configured as a �wall.�  Watertube 
boilers vary in size from less than 10 MMBtu/hr to10,000 MMBtu/hr. 

• Fuel-firing.  Fuel is fed into a furnace and the high gas temperatures generated are used 
to heat water.  Fuel-firing boilers include stoker, cyclone, pulverized coal, and fluidized 
beds.  Stokers burn solid fuel and generate heat either as flame or as hot gas.  Pulverized 
coal (PC) enters the burner as fine particles.  The combustion in the furnace produces hot 
gases.  The ash (the unburned fraction) exits in molten or solid form.  Fluidized beds 
utilize an inert material to �suspend� the fuel.  T he suspension allows for better mixing of 
the fuel and subsequently better combustion and heat transfer to tubes. 

Boilers are also classified by the fuel they use � chiefly coal, oil, natural gas, wood, and 
waste byproducts. 
 

1.3.2 Emissions by Size, Fuel, and Industry Sector 
 

In 2005, Energy & Environmental Analysis, Inc. [EEA, 2005] estimated that there were 
162,805 industrial and commercial boilers in the U.S., which had a total fuel input capacity of 
2.7 million MMBtu/hr as summarized in Figure 1-1 and Table 1-1.  This estimate included 
43,015 industrial boilers with a total capacity of 1.6 million MMBtu/hr and 119,790 commercial 
boilers with a total capacity of 1.1 million MMBtu/hr.  In addition, EEA estimated that there 
were approximately 16,000 industrial boilers in the non-manufacturing sector with a total 
capacity of 260,000 MMBtu/hr, but details on size distribution of these boilers were not provided 
because these units were not well characterized. 

The EEA report divided boilers into two major categories (industrial and commercial) 
instead of the more common characterization as industrial, commercial, and institutional boilers.  
One segment of the ICI boiler population, identified as non-manufacturing industrial boilers, is 
not included in the EEA analyses due to a lack of sufficient data.  The non-manufacturing 
segment accounted for only 11 percent of energy consumption in the industrial boiler population.  
The manufacturing and non-manufacturing segment of the population appear (from EEA�s 
description) to correspond to what would be called industrial boilers.  The commercial segment 
of the population includes what are designated in this report as commercial and institutional 
boilers.  For example, there are several large boilers located at major institutions such as 
universities (e.g., Notre Dame, Cornell, etc.) and also several large boilers located at major 
hospitals (e.g., Massachusetts General Hospital) that belong in the institutional category instead 
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of the commercial sector.  Thus, EEA�s analysis appears to apply to most of the ICI boiler 
population, representing 89 percent of energy use by ICI boilers. 

Industrial boilers were generally larger than commercial units.  Sixty percent of the 
boilers in the manufacturing sector were greater than 100 MMBtu/hr in capacity, whereas 
60 percent of the boilers in the commercial sector were in the range of 10 to 100 MMBtu/hr.  The 
average capacity of the commercial boilers was 10 MMBtu/hr, with most less than 
10 MMBtu/hr; the capacity of the average industrial boiler was 36 MMBtu/hr.  Non-
manufacturing boilers fell in between, at an average capacity of 16 MMBtu/hr.  For industrial 
boilers, the average capacity factor was 47 percent (capacity factor is defined as the ratio of 
actual heat input in MMBtu to the maximum heat input based on nameplate capacity of the unit, 
calculated for a period of one year). 

 

Table 1-1.  Capacity of industrial boilers [EEA, 2005] 

 
  Manufacturing Non-Mfg Commercial   
Unit Capacity Boilers Boilers* Boilers Total  
  <10 MMBtu/hr 102,306 --- 301,202 403,508 
  10-50 MMBtu/hr 277,810 --- 463,685 741,495 
  50-100 MMBtu/hr 243,128 --- 208,980 452,108 
  100-250 MMBtu/hr 327,327 --- 140,110 467,437 
  >250 MMBtu/hr 616,209 --- 33,639 649,848 
Total Capacity, MMBtu/hr 1,566,780 260,000 1,147,617 2,714,397 
Total Capacity >10 MMBtu/hr 1,464,474 --- 846,415 2,310,889** 
Total number of units 43,015 16,000 119,790 162,805 
Average Capacity, MMBtu/hr 36 16 10 17 
   *No details provided on range of capacities 
**Total does not include non-manufacturing boilers 

 
 

 

 
 
 

 

 

 

 

 

 

 

 

 

Figure 1-1.  Total capacity of industrial boilers as a function of size [EEA, 2005] 
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Five major steam-intensive industries accounted for more than 70 percent of the boiler 
units and more than 80 percent of the boiler capacity of the manufacturing segment of industrial 
boilers: food, paper, chemicals, petroleum refining, and primary metals.  The non-manufacturing 
segment of the industrial sector included agriculture, mining and construction.  The largest 
categories in the commercial sector, by capacity, were schools, hospitals, lodgings, and office 
buildings. 

Industrial boilers in the manufacturing sector are used to generate process steam and 
electricity.  The fuels used in manufacturing boilers are related to the size of the boilers and, in 
some cases, the byproducts generated in the particular manufacturing process. 

In the food production subsector, the average boiler capacity was 20 MMBtu/hr.  The 
relatively small average capacity was reflected in the higher percentage (58 percent) of natural 
gas-fired boilers in the food industry than in any other major subsector, since very small boilers 
tend to burn natural gas. 

The paper industry included some of the largest industrial boilers, with an average boiler 
size of 109 MMBtu/hr.  The paper industry represented more than half (230,000 MMBtu/hr) of 
the total capacity of the manufacturing sector.  More than 60 percent of the fuel used in paper 
industry boilers was wood (bark, wood chips, etc.) or black liquor, a waste product from the 
chemical pulping process. 

The chemical industry employed both large and small boilers, with about seven percent 
of the units with capacities smaller than 10 MMBtu/hr, and a significant number (about 350 or 
37 percent of total capacity) larger than 250 MMBtu/hr.  The primary fuels for chemical industry 
boilers were natural gas (43 percent), process off-gas (39 percent), and coke (15 percent). 

The refining industry had an average boiler size of 143 MMBtu/hr, the largest of any of 
the major industries, with over 200 boilers with capacities above 250 MMBtu/hr.  By-product 
fuels (refinery gas or carbon monoxide) were the most common fuel source for boilers 
(58 percent), followed by natural gas (29 percent) and residual oil (11 percent). 

About half of the total boiler capacity in the primary metals industry was from boilers 
larger than 100 MMBtu/hr.  By-product fuels, like coke oven gas and blast furnace gas, provided 
the largest share (63 percent) of boiler fuel in the primary metals industry. 

The remaining industries accounted for about 29 percent of manufacturing boilers 
(12,000 units) or about 18 percent of industrial boiler capacity.  The average capacity for the rest 
of the manufacturing subsector was 23 MMBtu/hr.  Approximately 100 boilers at other 
manufacturing facilities had capacities larger than 250 MMBtu/hr. 

Unlike industrial boilers, which serve production processes, commercial boilers provide 
space heating and hot water for buildings.  Natural gas fired the vast majority of commercial 
boilers, including 85 percent of commercial boiler units and 87 percent of the total commercial 
boiler capacity.  About 10 percent of the commercial boilers were fired by oil.  Coal was fired at 
about one percent of the commercial boilers, but represented five percent of the capacity, 
reflecting the larger size of commercial coal-fired boilers. 

Figure 1-2 summarizes the total US boiler capacity in the manufacturing and commercial 
sectors as a function of fuel fired (left side of figure) and shows the average capacity per boiler 
(right side of figure) by fuel type.  Coal-fired boilers were the largest in size on average.  As 
discussed above, natural gas accounted for 70 percent of the total industrial boiler capacity in the 



 1-5 

EEA survey.  Coal and byproduct fuels accounted for about 10 percent each, with lesser capacity 
in oil- and wood-fired boilers. 

In the manufacturing sector, the average coal-fired boiler capacity was about 
180 MMBtu/hr, but the average capacity in both sectors combined was about 125 MMBtu/hr.  
Wood- and byproduct-fired boilers in the manufacturing sector were also large on average (120 
and 110 MMBtu/hr, respectively).  On the other hand, oil- and natural gas-fired boilers were 
small, on the order of 20 MMBtu/hr in the manufacturing sector and less than 10 MMBtu/hr in 
the commercial sector. 
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Figure 1-2.  Total and average boiler capacity of U.S. industrial boilers as a function of fuel fired [EAA, 2005] 

 
From EEA�s 2005 study, the following general conclusions about boiler size for the 

entire U.S. ICI boiler population can be drawn: 

• natural gas is the fuel fired at most ICI boilers; 
• natural gas- and oil-fired boilers tend to be small, less than 20 MMBtu/hr in capacity; 
• boilers fired with coal, wood, or process byproducts are larger in size, greater than 100 

MMBtu/hr on average; 
• although natural gas fired most of the ICI boilers in the U.S., coal, oil, and wood 

contribute substantially more to the emissions of SO2 and PM; and  
• all fuels are sources of NOx emissions. 

 

One needs to be careful drawing conclusions for the eight-state NESCAUM region based 
on the national data in the EEA 2005 study because there are large region-to-region and state-to-
state differences in boiler populations.  For example, fuel oil is an important fuel in the 
Northeast, especially in rural areas where natural gas may not be available, while natural gas is 
predominant in other areas of the country. 
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A preliminary assessment of emissions from ICI boilers by pollutant in the U.S. and in 
the eight-state NESCAUM region was carried out using data from the AirData database via the 
EPA website (www.epa.gov/air/data).  In this database, stationary sources, such as electric 
generating plants and factories, are identified individually by name and location. Figure 1-3 
compares the annual emission of NOx, SO2, and PM2.5 in the U.S. with the eight-state 
NESCAUM region for 2002.  Emissions in the NESCAUM region are about 5 percent of the US 
total emissions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-3 Total annual emissions of NOx, SO2, and PM2.5 from ICI boilers in the U.S. and in the eight-state 
region from EPA AirData database 

 

Another set of data from the eight-state region was extracted from the MANEVU 2002 
non-road inventory (www.manevu.org).  In this data set, oil-fired boilers were divided into 
distillate oil and residual oil-fired boilers (Figure 1-4). 

NOx emissions in the eight-state NESCAUM region are mostly from oil- and gas-fired 
boilers.  Because these are generally small boilers, combustion controls are good candidates for 
NOx control.  For larger, coal- or wood-fired boilers, SNCR or SCR might also be applicable. 

PM emissions are relatively low from coal-fired sources in the eight-state region, which 
suggests that most of the coal-fired sources already have particulate control devices.  Oil- and 
wood-fired units have higher PM emissions, and PM emissions attributed to natural gas are quite 
small. 

As might be expected, most of the SO2 emissions from oil-fired boilers come from 
residual oil-fired boilers because of residual oil�s higher sulfur content. 
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Figure 1-4.  Emissions of NOx, SO2, and PM2.5 from ICI boilers in the NESCAUM region from MANEVU 

database as a function of fuel fired 
 

1.3.3 Differences between EGU and ICI boilers 
 

EGU boilers produce steam in order to generate power.  While ICI boilers do in some 
cases generate steam for electricity production, ICI boilers differ from EGUs in size, steam 
application, design, and emissions.  Most commercial and institutional boilers are small, with an 
average capacity of 17 MMBtu/hour (Table 1-1).  Industrial boilers can be as large as 1,000 
MMBtu/hr or as small as 0.5 MMBtu/hr.  The average size of a coal-fired EGU boiler in the U.S. 
is over 200 MW or over 2,000 MMBtu/hr. 

All coal-fired EGUs in the United States use control devices to reduce PM emissions.  
Additionally, many of the EGU boilers are required to use controls for SO2 and NOx emissions, 
depending on site-specific factors such as the properties of the fuel burned, when the power plant 
was built, and the area where the power plant is located. 

According to 1999 EPA Information Collection Request (ICR) responses from coal-fired 
EGUs, 77.4 percent of EGUs had PM post-combustion control only, 18.6 percent had both PM 
and SO2 controls, 2.5 percent had PM and NOx controls, and 1.3 percent had all three post-
combustion control devices [Kilgroe et al., 2001].  Information from 2004 indicated that the 
fractions of total capacity of large coal-fired EGUs that have flue gas desulfurization (FGD) to 
control SO2 and selective catalytic reduction (SCR) to reduce NOx controls were 38 percent and 
37 percent, respectively [NESCAUM, 2005].  Since the 1999 ICR survey, additional NOx and 
SO2 controls have been added at a rapid pace to coal-fired EGUs.  It is presently not clear how 
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the implementation of NOx and SO2 control technologies for EGUs would evolve as a 
consequence of the recent vacatur of Clean Air Interstate Rule (CAIR) by the U.S. D.C. Circuit. 

In contrast to EGUs, ICI boilers are substantially less likely to have air pollution control 
devices.  A study of industrial boilers and process heaters [USEPA, 2004] that looked at 22,117 
industrial boilers and process heaters, which burned natural gas, distillate oil, residual oil, and 
coal, found that 88 percent had no air pollution control equipment. 

A preliminary survey was undertaken as part of this study to evaluate the extent to which 
various emission controls were currently being applied to ICI boilers in the Northeast.  These 
data were acquired from State Title V permits for solid-fueled (coal and wood) boilers as well as 
additional information from state personnel.  The survey collected data in four states:  
Massachusetts, Vermont, New Hampshire, and New York.  The data set was composed of 64 
boilers � 47 wood-fired and 17 coal-fired.  Figure 1-5 illustrates the distribution of boiler 
capacity (by size) and the air pollution control devices (APCDs) in this data set.  The full data set 
is summarized in Appendix A.  As can be seen in Figure 1-5(b), more than half of the units had 
no controls, about one-third had controls only for PM, and very few units had controls for NOx.  
There were no units with SO2 controls, although some of the PM controls were wet venturi 
scrubbers, which might have a limited impact on SO2 emissions. 

 
 

Figure 1-5.  Solid-fuel boiler information from four northeast states, based on Title V permit information 

 
There are several factors that directly or indirectly affect the reasons for the discrepancy 

in APCD deployment between EGU and ICI boilers.  Technical and operational as well as 
business, economic, and regulatory factors impose different constraints and provide different 
opportunities for the applicability of APCDs for these two categories of boilers.  The following 
discussion summarizes some of the important technical and operational issues. 

Large, base-loaded EGUs operate mainly near maximum capacity or steam production.  
Industrial boilers typically do not run at maximum capacity, although this varies from one 
industry to another [EEA, 2005].  EGUs produce steam for electricity generation, while ICIs may 
produce steam for a variety of applications.  The type of manufacturing is often more important 
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in determining boiler operation, or duty cycle (load vs. time) than manufacturing demand in 
general. 

ICI boilers generate steam for processing operations for paper, chemical, refinery, and 
primary metals industries.  Commercial boilers produce steam for a variety of processes, while 
institutional boilers are normally used to produce steam and hot water for space heating in office 
buildings, hotels, apartment buildings, hospitals, universities, and similar facilities. 

Another difference between EGU and ICI boilers is fuel diversity.  EGU boilers are 
mostly single-fuel (coal, No. 6 oil, natural gas), while ICI boilers tend to be designed for and use 
a more diverse mix of fuels (e.g., fuel by-products, waste, wood) in addition to the three 
conventional fuels above. 

These differences in operational and fuel usage not only affect a boiler�s duty cycle, but 
its design, which is equally important from the perspective of APCD applicability.  Examples 
that directly affect APCD choice and applicability include equipment such as economizers or air 
preheaters, which affect the temperature of the flue gas at the stack.  The differentiation in fuel 
usage also leads to different design parameters for emissions controls.  For example, the iron and 
steel industry generates blast furnace gas or coke-oven gas, which is used in boilers, resulting in 
sulfur emissions.  Pulp and paper boilers may use wood waste as a fuel, resulting in high PM 
emissions.  Units with short duty cycles may utilize oil or natural gas as a fuel.  The use of a 
wide variety of fuels is an important characteristic of the ICI boiler category. 

 
These factors relate directly to APCD equipment choices and applicability.  The 

following examples should help explain some of these impacts. 
 

• Fuel quality � different fuels have different emiss ion characteristics.  SO2, PM, 
and NOx emissions from coal fired boilers are different from those burning 
natural gas, oil, or wood waste.  Some APCD technologies are not very sensitive 
to fuel quality variations (e.g., an electrostatic precipitator (ESP) may 
accommodate different levels of PM concentration, although the type and size of 
particles and gas temperatures will have an impact).  However, others can be 
directly affected by changes in fuel quality and the resulting changes in pollutant 
concentrations in the flue gas to be treated (e.g., SO2 and NOx controls that utilize 
reagents such as scrubbers for SO2 and SCR/SNCR for NOx). 

• Duty cycle � significant variation or cycling of bo iler load requires APCD 
controls capable of accommodating such variations.  These variations affect flue 
gas flow rates and temperatures, which in turn may require different control 
capability.  For example, an SCR or SNCR system must operate within a 
temperature window that may or may not exist across the load range for a 
particular ICI boiler. 

• Design differences � the use of equipment such as e conomizers or air preheaters 
has direct impact on the resulting flue gas temperature.  Temperature-sensitive 
technologies such as ESPs, SO2 scrubbers (wet and dry), and SCR /SNCR that are 
widely used in EGUs may or may not be applicable for some ICI boilers in such 
cases. 

 




