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SECTION 1 

 
SUMMARY 

 

 

The control technologies deployed by the U.S. electric power industry for coal-based 
power generation address a broad suite of combustion air emissions.  The industry’s 
deployment of emission control technology – always inherent to operations but 
accelerating since the mid-1970s – has evolved to where the present assets 
represent a valuable resource supporting a diverse and reliable U.S. energy grid. 
 

This report estimates the financial investment made for flue gas environmental 
controls (also referred to as air emissions controls) for coal-fueled generation by the 
U.S. electric power industry from 1992 through mid-2017.1  The control 
technologies evaluated are the several methods (dry, semi-dry, and wet) of flue gas 
desulfurization (FGD) available to limit emissions of sulfur dioxide (SO2), 
combustion and post-combustion control technologies for nitrogen oxides (NOx), 
particulate matter capture with electrostatic precipitators (ESPs) or fabric filters, 
and injection of sorbents (i.e., activated carbon or alkali) to limit emissions of 
mercury (Hg), sulfur trioxide (SO3) and hydrogen chloride (HCl).  Also included in 
this scope are ancillary equipment for the management and processing of waste 
water and solid byproducts.2    
 

Capital costs are estimated on both a nominal basis (i.e., as dollars in the years 
expended) and escalated to a 2016-dollar basis.  The proprietary Emissions 
Economic Modeling System (EEMS) database is used to define the application and 
timing of control technologies.  The capital cost to retrofit wet and dry FGD, 
combustion controls, selective non-catalytic reduction (SNCR) and selective 
catalytic reduction (SCR), and fabric filters is obtained from surveys conducted for 
the Utility Air Regulatory Group (UARG).3  The capital cost for equipment for 
sorbent injection, and for upgrades to existing wet FGD and ESPs is obtained from 
data submitted to the U.S. Energy Information Administration (EIA).  For new 
“greenfield” units, as noted in Section 3, a series of engineering analyses conducted 
by Sargent & Lundy (to support the Integrated Planning Model, or IPM, simulations 

                                                 
1 Flue gas environmental controls for natural gas-fueled generation – as applied to either steam 
boilers or gas turbines operating in simple or combined cycle – are not addressed in this evaluation.  

2 The scope of byproduct management equipment considered in this evaluation is internal to the 
desulfurization and ash handling equipment, prior to transport to landfill.  For wet FGD, this includes 
dewatering thickeners and vacuum belt filters; for dry FGD pneumatic transport of sulfation products 
and collected fly ash from the absorber and particulate collector.  The scope terminates where 
transport to landfill or resale markets initiates. 

3 Current Capital Cost and Cost Effectiveness of Power Plant Emissions Control Technologies, issued by 
the Utility Air Regulatory Group, January 2010.  Updated in July 2013 and December 2017. 
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conducted by the Environmental Protection Agency, or EPA) provide the basis for 
control capital cost. 
 

Capital investment for air emissions controls installed between 1992 and mid-2017 
total $117 billion (B) and $133B on a nominal-dollar and 2016-dollar basis, 
respectively.  The peak investment years were 2009/2010 where a total of $35B 
(2016-dollars) was expended.  A second “peak” of investment in 2003/2004 totaled 
approximately $10B (2016-dollars).  These years of peak expenditure correspond 
generally to major compliance mandates – the NOx “SIP-Call” for 2003/2004 and 
Phase 1 of the regional transport (CAIR) provisions for 2009/2010.  However, other 
federal and state regulatory, legislative and other drivers also contribute to control 
technology installations.  These include new source review-related consent decrees; 
state requirements; and ambient standards for ozone, fine particles, and SO2.  
Further, mandates for regional haze and hazardous air pollutant requirements 
require reducing emissions of SO2, NOx, fine particles, mercury, acid gases and 
metals.   
 

The retrofit of control technologies to limit emissions associated with SO2 and NOx 
have required the largest investment.  Specifically, investment (2016-dollars) 
totaled $61.5B for FGD for SO2 and $32.6B for NOx control.  Separate upgrades to 
particulate controls ($16.7B) and installation of sorbent injection equipment 
($2.3B) complete the retrofit portfolio.  Air emissions control investment exclusive 
to new greenfield units is estimated to be $19.2B (2016-dollars) 
 

To add further perspective regarding overall spending, U.S. investor-owned electric 
power companies alone currently invest more than $100 billion per year across the 
various business functions (i.e., generation, transmission, distribution)4 and since 
2000, these total capital investments have exceeded $1.3 trillion.  The annual 
investment levels have nearly tripled on a nominal basis since the early 2000s. 
  

Results from this evaluation show the cost of the capital–intensive technologies of 
SCR and wet FGD – when reported per unit of generating capacity ($/kW) – have 
significantly increased over time.  The cost of SCR using this metric increased by 
more than a factor of three, comparing pre-2000 SCR installations to post-2010 SCR 
installations.  Similarly, the cost of wet FGD using this same metric also increased 
over the same period, by a factor of two.  There are several factors for this escalation 
in cost; the increasing complexity of the host sites is possibly the most notable. 
 

This study also approximates the annual operating cost for the national inventory of 
air emissions controls.  The methodology by which operating costs are estimated is 
different from that used for capital costs; consequently, the results are not directly 
comparable.  The estimates of operating costs are developed based on relationships 
developed by Sargent & Lundy for IPM modeling, and these results depends on key 

                                                 
4 2016 Financial Review: Annual Report of the U.S. Investor-Owned Electric Utility Industry, Edison 

Electric Institute, page 17.  2017. 
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assumptions such as capacity factor, the cost and utilization of reagent for FGD, and 
assumed man-hours of operating support from the 2010-2014 period.  Assuming a 
national capacity factor of 60 percent, a direct operating cost of $6.3B was 
estimated.  As this expenditure represents the direct operating costs, it does not 
consider changes in fuel price and generating unit utilization, capital repayment, or 
other factors used in assessing overall industry compliance costs. 
 

Investment in flue gas environmental controls is the major driver in the reduction in 
SO2 and NOx emissions observed.  Figure 1-1 depicts, on a relative scale, the 
reduction in emissions of both SO2 and NOx observed nationally since 1990.  In 
2016 emissions of SO2 were 1.49M tons, representing about 10 percent of SO2 
emissions in 1990 (and thus a 90 percent reduction).  In 2016, emissions of NOx 
were 1.23M tons, representing less than 20 percent of NOx emissions in the early 
1990s (and thus an 80 percent reduction).  The observed reduction in emissions of 
SO2 and NOx is not exclusively due to control technology – power generation by 
natural gas fired units increases over this time, primarily since 2009, and is 
responsible for some of the observed reductions.  Regardless, these reductions are 
particularly striking in the content of a 36 percent increase in electricity use and an 
86 percent increase in Gross Domestic Product (GDP). 

 

Figure 1-1. Reduction in SO2 and NOx Emissions Since 19905

                                                 
5 Data sources: U.S. Department of Energy, Energy Information Administration, U.S. Environmental 

Protection Agency, and U.S. Bureau of Economic Analysis. 
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SECTION 2 
 

INTRODUCTION 
 

 

Electric generating assets fueled by coal that are operated by the U.S. power 
industry are broadly equipped with flue gas environmental controls that in many 
instances are the most sophisticated in the world.  The air emissions mandates 
relevant to power generation accelerated in the 1970s and continue to do so 
through the present day – and have given rise to a suite of controls that limit air 
emissions from coal-based combustion products.  Consequently, the industry’s flue 
gas environmental control asset has grown significantly in recent decades and 
constitutes a valuable resource supporting a diverse and reliable U.S. energy grid. 
 

This report estimates the financial investment by the U.S. electric power industry in 
flue gas environmental controls6, considering those assets installed from 1992 to 
mid-2017.  Certainly, controls installed prior to that time are of value but in many 
cases their usefulness has been superseded or augmented by control technologies 
implemented since then.  The years from 1992 through 1995 can be considered a 
“watershed” period in air emissions control applications – when investments were 
initiated in response to the Phase 1 requirements of Title IV of the 1990 Clean Air 
Act Amendments (CAAA) to address acid rain.  The Phase 1 Title IV mandate focused 
on sulfur dioxide (SO2) and nitrogen oxides (NOx), prompting the deployment of flue 
gas desulfurization (FGD) technology and combustion controls for NOx.  Subsequent 
stages of this control technology evolution – the Phase 2 Title IV requirements for 
both SO2 and NOx and the ozone-driven federal 1997 mandate for states to file State 
Implementation Plans (SIP) for the NOx (SIP Call) – prompted further investment.   
 

Additional EPA rules to limit regional transport of air emissions followed – the Clean 
Air Interstate Rule (CAIR), the Cross State Air Pollution Rule (CSAPR), and the 
CSAPR Update rule.  The recent Mercury and Air Toxics Standards (MATS) to reduce 
mercury, acid gases and metals led to additional controls such as dry sorbent 
injection for SO2, sulfur trioxide (SO3), and hydrogen chloride (HCl); further 
particulate collectors such as electrostatic precipitators (ESPs) were either 
upgraded or replaced.  In addition, special-purpose controls were implemented, 
such as halogenated or conventional activated carbon injection, special SCR 
catalysts, halogen addition to the fuel or flue gas to prompt the oxidation of Hg, and 
FGD additives to minimize Hg re-emission from wet FGD process.  Regional haze, 
                                                 
6 This study addresses flue gas environmental controls and the ancillary equipment required to 
remove criteria pollutant and other emissions from flue gas, and to prepare the byproduct for 
management and disposal (costs for disposal are not included in this assessment). Environmental 
control technology for heat rejection, cooling tower plume dispersion, and the category of waste 
water and byproducts not generated by combustion or environmental controls (e.g., boiler cleaning 
waste) are not in the scope of this analysis. 
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NAAQS, state requirements, and consent decrees also have driven recent emission 
reductions. 
 

The capital outlay by the electric power industry from 1992 through the present day 
is assessed for air emissions controls, in both nominal (i.e., in the year expended) 
dollars and escalated to a 2016-dollar basis.  An estimate for operating cost is also 
offered.  Section 3 describes the methodology for the assessment.  Section 4 
presents the results.  An evaluation of the significance of these results is presented 
in Section 5.   
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SECTION 3 
 

SCOPE AND METHODOLOGY 

 

 

This section describes the scope and methodology used in valuing the investment 
for air emissions controls for coal-based generating assets.  The topics addressed in 
this section include the (a) generating asset database, (b) scope of flue gas 
environmental control equipment considered, and (c) sources of cost data. 

GENERATING ASSET DATABASE 

This analysis employed the Emissions Economic Modeling System (EEMS) database, a 
proprietary descriptive tool that accounts for all major fossil generating units in the 
U.S.  The EEMS database was initially derived from Energy Information Agency 
(EIA) data of generating units, but unlike EIA, the EEMS is updated weekly and has 
been over the last 15 years.    
 

EEMS describes the entire suite of flue gas control technologies for coal-based 
generating assets.  These include the presence of wet or dry FGD for SO2; low NOx 
burners (LNB), overfire air (OFA), selective non-catalytic reduction (SNCR) and 
selective catalytic reduction (SCR) for NOx; and dry sorbent injection for SO2, sulfur 
trioxide (SO3), and hydrogen chloride (HCl).  The type of particulate collector (fabric 
filters or ESP) is imbedded in the database.  Further, special-purpose steps to 
comply with the MATS rule – the use of halogenated vs. conventional activated 
carbon injection, special-purpose SCR catalysts or halogen addition to either the fuel 
or flue gas to prompt the oxidation of Hg, and additives to minimize Hg re-emission 
from wet FGD process – are defined. 

SCOPE 

Generating Assets 
This study addressed coal-based generating assets – exclusively steam boilers.  As of 
January 2017, a total of 610 units representing 273.6 GW of generating capacity 
were operational.  Coal-based assets comprise the exclusive investment evaluated in 
this study. 
 

Air emissions controls – both retrofit to existing power generating assets and 
inherent to new generating units – are valued in this report.  
 

Time Period 
The time period over which flue gas environmental control investments are 
evaluated in this study is from 1992 through mid-2017.  Electing the year of 1992 as 
a starting point does not discount the importance of investments prior to this time – 
in fact such investments today still provide environmental benefits.  Investments 
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conducted prior to 1992, although not directly reflected in this analysis, provide the 
basis for upgrades to many FGD and particulate controls addressed in this study. 

COST ASSIGNMENT METHODOLOGY 

This subsection discusses the methodology by which control technology costs are 
estimated and aggregated.  The source of cost data varied with whether the control 
technology was retrofit to an existing unit, or inherent to a new greenfield plant 
design. 
 

Retrofit  
Retrofit costs are derived from two key sources. 
 

Utility Air Regulatory Group Capital Cost Assessment Reports (2010, 2013, 2017).7  
The Utility Air Regulatory Group (UARG) periodically issues white papers for the 
public domain summarizing the capital cost – and the calculated cost-effectiveness – 
for various flue gas control technologies.  These include both wet and dry FGD 
equipment and SCR reactors; the 2013 and 2017 editions include the cost for fabric 
filters for particulate control.  The capital cost reported by UARG is based on 
consultation with a representative sample of equipment owners.  This approach 
assures that all costs reported are consistent in scope and basis.  Specifically, costs 
derived for UARG (a) reflect a complete scope of work, (b) include engineering and 
other indirect charges incurred by the owner, and (c) include (where appropriate) 
the finance charge such as Allowance for Funds Used During Construction (AFUDC).  
 

As an example, Figure 3-1 presents the cost basis for wet FGD as depicted in the 
2017 edition of this paper.  The costs for wet FGD in Figure 3-1 are presented for the 
time periods of (a) prior to 1995, (b) 1997-2007, (c) 2008-2011, and (d) 2012-2017.  
 

The costs of LNB, OFA, and SNCR are also derived from work conducted for UARG.  
These costs were determined in surveys conducted with generation owners, 
although the results are not detailed in the cited UARG reports.  The costs for these 
controls are referenced in technical documents in support of comments to proposed 
rules.8 
 
Energy Information Administration (EIA) Data.  Generating asset owners are 
required to report capital expenditures for environmental control equipment to the 
EIA.  The reporting format has evolved with time; for example, Form EIA -860 is the 
reporting document for submissions for 2005 and thereafter; EIA Form 767 
summarizes cost data for periods prior to 2005. 

                                                 
7 Current Capital Cost and Cost Effectiveness of Power Plant Emissions Control Technologies, issued by 
the Utility Air Regulatory Group, January 2010.  Updated in July 2013 and December 2017.  

8 Comments of the Utility Air Regulatory Group on the Notice of Data Availability Supporting the 
Proposed Federal Implementation Plans to Reduce Interstate Transport of Fine Particulate Matter and 
Ozone, submitted per 75 Fed. Reg. 53613 (Sept. 1, 2010); Docket ID No. EPA-HQ-OAR-2009-0491. See 
pages 8-10 of Attachment. 
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Figure 3-1.  Wet 3-FGD Capital Cost vs. Capacity:  Four Distinct Time Periods 

EIA data in some ways are advantageous as cost is reported for all generating units; 
however, the scope and accounting practices by which costs are assigned are not 
defined.  Consequently, certain costs are not necessarily reported on a comparable 
basis – such as indirect installation charges, contracted or in-house engineering and 
management support, and indirect charges such as AFUDC.  The costs attributed to 
upgrades of existing equipment may not be fully captured. 
 

EIA-derived costs were used for equipment for the storage, management, and 
injection for sorbents and chemicals for use in dry sorbent injection for SO2, SO3, and 
HCl; and activated carbon for Hg control.  
 

New Coal-Based Generation 
Since 1992, 52 new “greenfield” coal-based generating stations were constructed 
and entered commercial service.  All stations are equipped with particulate controls 
(ESP or a fabric filter), a wet or dry FGD process, and almost all were equipped with 
SCR NOx control in addition to state-of-art LNB and OFA.  Some units also deployed 
equipment for sorbent injection to limit Hg emissions. 
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The capital cost for the flue gas controls for these new “greenfield” stations is 
estimated using the cost estimation algorithms developed by Sargent & Lundy (S&L) 
for EPA.9,10,11,12  These cost algorithms are derived from commercial experience with 
this particular supplier of engineering services.  These algorithms are considered 
adequate to reflect the cost for new installations; their use for retrofit was not 
considered due to the need to assign the “retrofit factor” to reflect site conditions.  
 

For each new station the control options were identified and the appropriate S&L 
cost algorithm was utilized without modification.  
 

                                                 
9 IPM Model – Revisions to Cost and Performance for APC Technologies: SDA FGD Cost Development 
Methodology, Final Report, August 2010, Prepared by Sargent & Lundy for Perrin Quarles Associates, 
Inc., Project 12301-007. 
10 IPM Model – Updates to Cost and Performance for APC Technologies: Wet FGD Cost Development 
Methodology, Final Report, March 2013, Prepared by Sargent & Lundy for Systems Research and 
Applications Corporation, Project 12847-002.  
11 IPM Model – Updates to Cost and Performance for APC Technologies: SCR Cost Development 
Methodology, Final Report, March 2013, Prepared by Sargent & Lundy for Systems Research and 
Applications Corporation, Project 12847-002. 
12 IPM Model – Updates to Cost and Performance for APC Technologies: Particulate Control Cost 
Development Methodology, Final Report, March 2011, Prepared by Sargent & Lundy for Systems 
Research and Applications Corporation, Project 12301-009. 
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SECTION 4 
 

CAPITAL COST AND OPERATING COST ESTIMATES 
 

 

Section 4 describes the cost results from this analysis.  Both capital and operating 
costs are derived.  As noted previously, the methodology by which capital costs are 
derived is not comparable to that by which operating costs are derived.  The latter 
represents an approximation based on the inventory of control technologies 
installed and industry-wide generation data for a limited number of years.  

CAPITAL COST 

Capital cost results are described in terms of annual and cumulative investment for 
the national inventory; partitioned between retrofit and new unit applications; and 
partitioned by control technology discipline.  As noted, these costs reflect 
investment made over the 1992 to mid-2017 time frame.  
 

These data show the escalation in capital cost with time as the complexity of the 
process equipment increases, and the host sites become more constrained, and the 
prices of key inputs such as exotic materials for construction escalate.  

ANNUAL, CUMULATIVE INVESTMENT:  NOMINAL, 2016 BASIS 

Figures 4-1 and 4-2 present the annual and cumulative investment on the basis of 
both nominal and 2016 dollars. 
 

Figure 4-1 shows two periods where “spikes” in investment are observed – 
2003/2004 and 2009/2010 – the latter a factor of three of the former.  These time 
periods correspond to mandates for control technology deployment – with NOx 
control mandates of the SIP-Call prompting the installation of SCR in 2003/2004, 
and compliance with Phase 1 of the interstate transport mandates (CAIR) for SO2 
prompting the installation of wet and dry FGD in 2009/2010. 
  
The cumulative presentation of these costs in Figure 4-2 shows an aggregated 
investment of $117B on a nominal and $133B on a 2016-dollar basis. 
 

The partitioning of investment in flue gas environmental controls for new 
“greenfield” units versus retrofit of exiting units is also instructive.  Figures 4-3 and 
4-4 show this partitioning in cost (2016-dollars).  Figure 4-3 shows most investment 
for new unit flue gas environmental control was incurred for units that started 
commercial duty between 2007 and 2012.  Figure 4-4 shows that less than 14 
percent of the cumulative investment was directed to new greenfield plants.  This is 
consistent with the relative lack of new coal-based generation in the domestic fleet. 
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Figure 4-1.  Annual Investment in Flue Gas Environmental Controls:  Nominal and 
2016 Basis   

Figure 4-2.  Cumulative Investment in Flue Gas Environmental Controls:  Nominal 
and 2016 Basis 
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Figure 4-3.  Annual Investment in Flue Gas Environmental Controls:  Retrofit vs. 
New Unit (2016 Basis)  

Figure 4-4.  Cumulative Investment in Flue Gas Environmental Controls:  Retrofit vs. 
New Unit (2016 Basis) 
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INVESTMENT BY CONTROL DISCIPLINE 

The investment by control discipline is instructive as to how investment responds to 
control mandates, and the evolution in environmental control cost with time. 
 

Figures 4-5 and 4-6 present the annual and cumulative investment (2016-dollars) 
for the following disciplines:  NOx, SO2, particulate control (fabric filter and ESP 
upgrades), and sorbent injection.  Figure 4-5 shows the consistent investment in 
NOx from the 1992 starting point of this analysis was directed mostly to LNB and 
OFA, with SCR process equipment being deployed in increasing numbers starting in 
2001.  Over this same time period the investment in wet FGD to meet the Phase 1 
mandates of the 1990 CAAA is observed.  The “spike” in NOx investment from 2002 
through 2004 is largely attributable to the SIP-Call mandates and the application of 
SCR.  
 

Investment in wet and dry FGD for existing units (e.g., retrofit of controls) 
accelerated in 2006 in anticipation of the 2010 compliance date for Phase 1 of the 
interstate transport regulations (CAIR).  In 2009 and 2010 this investment totaled 
over $20B.  During this time period a second spike in SCR investment was observed, 
also in response to the Phase 1 CAIR interstate transport mandate.  Notably, annual 
investment (2016-dollars) for SO2 and NOx from 2007 through 2013 was as a 
minimum nearly $6B (2013) and in one year exceeded $16B (2010).  These 
investments in SO2 and NOx controls were in response to regulatory, legislative and 
litigation drivers at federal and state levels, as discussed in Sections 1 and 2.  
 

Investment in control technologies to address hazardous air pollutants began in 
2007 due to several state mandates.  The upgrade of particulate controls by 
converting or replacing ESP with fabric filters, or enhancement of ESPs has been 
continuous since 1992 but accelerated in the years preceding 2010.  These 
improvements also account for the use of lower sulfur subbituminous coals for SO2 
compliance and support of MATS.  The first installations of activated carbon and dry 
sorbent injection technology were noted in 2007, as several states required the first 
steps in mercury control, and SO3-generated plumes from units equipped with wet 
FGD and SCR were controlled.  SO2 and NOx controls have led to substantial 
reductions in MATS-regulated emissions. 

CONTROL TECHNOLOGY COST EVOLUTION 

The cost data acquired over 25 years allow examination of how the cost-
effectiveness of capital investments have changed with time.  Specifically, the cost of 
wet FGD and SCR can be examined over this time period, as reported on a cost per 
unit generating basis (e.g., $/kW). 
 

Figure 4-7 presents the change in capital cost per unit of generating capacity ($/kW, 
2016-dollars) for wet FGD and SCR over the 25-year period from 1992 through 
2017.  The capital cost is presented as a 3-year average to reduce year-to-year 
variability. Figure 4-8 presents the number of installations each year in that period.  
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Figure 4-5.  Annual Investment in Flue Gas Environmental Controls:  By Discipline 

 

Figure 4-6.  Cumulative Investment in Flue Gas Environmental Controls: By 
Discipline 
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Figure 4-7.  Evolution in Capital Cost for Wet FGD, SCR: 3-Year Average (2016 Basis) 
 

 

Figure 4-8.  Number of SCR, Wet FGD Installations:  1992-2017
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The data in Figure 4-7 demonstrate that the cost of the two most capital–intensive 
of control technologies – SCR and wet FGD - when reported per unit of generating 
capacity ($/kW) has increased with time.  The cost of SCR based on this metric 
increases by more than a factor of 3 when comparing pre-2000 SCR installations to 
post-2010 SCR installations.  Similarly, the cost of wet FGD based on this same 
metric ($/kW) increases by a factor of two over the same period.  The almost 
$900/kW FGD cost in 2017 is a consequence of a limited number of FGD 
installations deployed to relatively small generating units.  
 

There are several reasons for the escalation in SCR and wet FGD cost.  Perhaps most 
important, the complexity of the host sites to which the control technologies are 
retrofit has increased with time.  The emissions–averaging/trading provisions for 
most environmental mandates provided an incentive to deploy control technologies 
first on sites most amenable to retrofit, leaving the more challenging sites for 
subsequent retrofit.  Second, the control technologies themselves have evolved to 
more complex designs.  For example, a state-of-art SCR reactor features provisions 
for gas distribution and reagent mixing that were not always used 15 years ago, 
requiring a greater reactor “footprint” or elevation.  Another contributing factor is 
the escalation in price of specialty alloys required for many environmental control 
components; this escalation was particularly acute from 2006-2010.  Finally, the 
number of installations that must be completed and commercially operating in any 
given year is key factor; as suppliers are engaged to deliver more and more 
equipment, eventually their best staff and production facilities are fully 
committed and additional projects cannot utilize the most productive staff and 
facilities.  Both schedule and cost can be compromised.  
 

Figure 4-8 reports the number of SCR or wet FGD installations that entered 
commercial duty in each of the years studied.  For SCR, the two periods of escalation 
noted in Figure 4-8 – at 2003/2004 and 2009/2010 – correspond to periods where 
a significant number of units entered commercial duty.  Similarly, for wet FGD the 
largest “spike” in cost is observed at 2009 – co-incident with the large number of 
units that entered commercial operation. 

OPERATING COSTS 

This analysis included an approximation of operating costs for the entire suite of 
flue gas environmental controls. 
 

The operating cost relationships developed by S&L for EPA were used in this 
context.  These operating cost estimates are derived from the known capacity of 
units equipped with the control technology; records of fuel rank fired; and 
assumption of typical sulfur content and heating value within the two coal ranks.  An 
annual capacity factor of 60 percent is adopted, approximating the average capacity 
factor for the years 2010 through 2014.  Other assumptions that determine 
operating cost are described subsequently for each discipline.  With these numerous 
assumptions, the derived operating costs should be viewed as an approximation. 
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The following assumptions were adopted for each type of flue gas control 
equipment. 
 

 Wet FGD.  91 and 28 GW of capacity on bituminous and Powder River Basin 
(PRB coal), respectively, are recorded as equipped with wet FGD.  An average 
of 95 percent SO2 removal is assumed.  Assumptions of limestone cost 
($30/ton) and limestone utilization were adopted from S&L.  

 

 Dry FGD.  6 and 28 GW of capacity on bituminous and PRB coal, respectively, 
are recorded as equipped with dry FGD. An average of 93 percent SO2 
removal is assumed.  Assumptions of lime cost ($95/ton) and lime utilization 
were adopted from S&L. 

 

 SCR.  109 and 49 GW of capacity on bituminous and PRB coal, respectively, 
are recorded as equipped with SCR.  An average of 90 percent NOx removal is 
assumed.  Assumptions of ammonia cost and catalyst replacement frequency 
($750/ton and one layer at two-year intervals) were adopted from S&L and 
the project team’s experience.  

 

 Dry Sorbent Injection.  10.3 and 70.1 GW, respectively, are recorded as 
equipped with DSI for FGD and for SO3 and/or HCl.  For FGD applications an 
average of 50 percent SO2 removal is assumed.  Assumptions of hydrated 
lime cost and utilization were adopted from S&L. 

 

 Activated Carbon Injection.  66 and 97 GW of capacity on ESPs and fabric 
filters are recorded as equipped with ACI.  The carbon injection rate of 1.5 
and 3 lb/MACF is assumed for a fabric filter and ESP application, 
respectively.  A delivered sorbent cost of $0.75/lb is assumed to reflect both 
conventional and halogenated applications.  

 

These assumptions and methodology were used to derive an estimate of direct fixed 
and variable operating costs of almost $6.3B per year (2016-dollars), for the 2010-
2014 period.  Figure 4-9 presents these costs by control discipline.  The largest 
contributor to operating cost is wet FGD. 
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Figure 4-9.  Estimate of Annual Operating Cost:  By Control Technology 
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SECTION 5 
 

EVALUATION OF RESULTS 

 

 

Section 5 evaluates results and presents observations. 

CAPITAL OUTLAY AND TIMING 

Between 1992 and mid-2017, investments (2016-dollars) are estimated to total 
$133B in flue gas environmental controls for coal-based power plants. 13  As noted 
in Section 2, this investment represents not only flue gas controls but also select 
portions of the waste water and solid byproduct management systems for effluent 
attributable to flue gas clean up.  Since the starting year for this analysis (1992) 
about $1B or more was expended each year, in the first decade primarily for 
combustion controls (LNB and OFA) and the first generation wet FGD installations.  
Air emissions control investment incurred a first “peak” of $6.3B in 2003 as 
numerous stations, in addition to installing state-of-art low NOx burners, retrofitted 
SCR process equipment to meet the mandates of the NOx SIP-Call.  A second 
investment “peak” approximating $15B per year was observed in 2009 and 2010, an 
amount exceeding investment in surrounding years by 50-100 percent. Total annual 
investment (2016-dollars) for SO2 and NOx from 2007 through 2013 as a minimum 
was almost $6B and in one year (2010) exceeded $16B.  
 

RETROFIT vs. NEW PLANTS 

Approximately 85 percent of the flue gas environmental investment has been 
directed to retrofit of existing plants.  The most significant investment to support 
new “greenfield” generation was observed in 2011-2012. 

INVESTMENT BY CONTROL DISCIPLINE 

The key emissions control disciplines received the following investment: 
 

 FGD: wet, dry, dry sorbent injection: $61.5B 
 

 NOx: low NOx burners, SNCR, SCR: $32.6B 
 

 Particulate Control: converting ESP to fabric filters; the upgrading of existing 
ESPs or their replacement with new ESPs or fabric filters: $16.7B 

 
 Dry Sorbent injection: $2.3B 

                                                 
13 To add further perspective regarding overall spending, U.S. investor-owned electric power companies 

alone currently invest more than $100 billion per year across the various business functions (i.e., 

generation, transmission, distribution) and since 2000, these total capital investments have exceeded $1.3 

trillion.  The annual investment levels have nearly tripled on a nominal basis since the early 2000s.  See 

Edison Electric Institute, footnote 4. 
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OPERATING COST 

The estimated $6.3B annual operating cost based on operations in 2010-2014 
reflects the direct and indirect costs incurred by the owners of the inventory of flue 
gas environmental controls.  The bulk of these costs are variable operating costs 
which are directly proportional to the operating hours.  Consequently, these costs 
will vary annually depending on the generating capacity of the unit in the future.  
These costs do not include capital repayment for financing the investment. 
 

RELATIONSHIP TO EMISSION REDUCTION 

Investment in flue gas environmental controls is the major driver in the reduction in 
SO2 and NOx emissions observed.  Figure 5-1 depicts, on a relative scale, the 
reduction in emissions of both SO2 and NOx observed nationally since 1990.  In 
2016 emissions of SO2 were 1.49M tons, representing about 10 percent of SO2 
emissions in 1990 (and thus a 90 percent reduction).  In 2016 emissions of NOx 
were 1.23M tons, representing less than 20 percent of NOx emissions in the early 
1990s (and thus an 80 percent reduction).   
 
The observed reduction in emissions of SO2 and NOx is not exclusively due to 
control technology – power generation by natural gas fired-based units increases 
over this time, primarily since 2009, and is responsible for some of the observed 
reductions.  Regardless, these reductions are particularly striking in the content of a 
36 percent increase in electricity use and an 86 percent increase in Gross Domestic 
Product (GDP). 
 

Figure 5-1.  Reduction in SO2 and NOx Emissions Since 199014 

                                                 
14 Data sources: U.S. Department of Energy, Energy Information Agency, U.S. Environmental Protection 

Agency, and U.S. Bureau of Economic Analysis. 


