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Abstract

Availability of Resources for Clean Air Projects
© Copyright2010Andover Technology Partners, all rights reserved

The ability of power plants and other emissisnurces to comply with clean air
regulations within a given time frame is limitedpartby the resources available for
implementinghe necessary modifigans to the facility. The resources include labor, materials,
and equipment.In this White Paper thassumptions usdd assess the ability of power plants to
comply withthe Clean Air Interstate RU{€AIR) within the regulatory time frameere

examin@l. Assumptions were testéat their reasonableneagainst actual datnd experience

This White Paper will demonstrate thiae assumed limitations on labor that US EPA
and representatives of the utility industry expected would limit the ability of the air pollution
control (APC) industry to respond to the CAlRre not realized It was determined that US
EPA underestimatedhé ability of the APC industry to respond to CAIR in its final 2005 analysis
used for the CAIR. Estimates of labor demand in the final CAIR analysis were significantly
higher than previous estimates by US ERAlight of these higher expected demanadings,
the assumptions regarding the availability of labor were demonstrated in this White Paper to be
too |l imiting and, by imposing a fAhard capo
dynamic nature of U.S. labor market¢ghich US EPA hadaknowledged in the pasilso,
assumptions by US EPA and the representatives of the utility industry regarding the timing of
orders relative to the finalization of the CAIR proved to be incorr@sta result, both US EPA
and representatives of the utilindustry underestimated the ability of the APC industry to
support the utility industry in its response to the CA{RRher assumptions regarding supply and
demand for other resources that were not envisioned to be limiting generally proved to be

consigent with experience.

The findings of this White Paper have implications for future cl@anitiatives and how
the timing of these itiatives should be assessed. To this enthay be bendéfial to reexamine
the topicof resource supply and demampdyticularly with regard to labpand develop
assumptions that better reflect the demand and supply characteristics of thefonqdeer

plant labor
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1.0 Introduction

The Clean Air Interstate Rule (CAIR) created demand for NOx control systems and flue

gas desulfurizatiosystems, primarily Selective Catalytic Reduction (SCR) and Limestone

Forced Oxidation (LSFO) systems, and other types of technology as well.

= =4 =

The resources necessary for retrofit of SCR and LSFO systems include the following:

Construction/craft labor, pactlarly boilermakers
Engineers to design the systems

Construction Materials, such as steel plate, alloy steel, fabricated steel components,
structural steel, and concrete

Engineered equipment and specialty materials, such as slurry pumps, fans, motors and
catalyst
Reagents, especially limestone and ammonia

In the time leaithg up to finalization of CAIRUS EPA and the Utility Air Resources

Group (UARGI an advocacy group for some electric utility companies) and the Institute of

Clean Air Companies (ICAC an organization that represents most of the suppliers of air

pollution control technologygxamined this issue

This White Papewill review

il
T
T
1
1

the analysis by US EPA on feasibility of meeting CAIR

the analysis by UARG on feasibiliof meeting CAIR,

and theanalysis by ICAC on feasibilitgf meeting CAIR

how these predictions compared to waetiually occurred, and

why there were some significant differences between predictions and actual performance

The section on the analysis by US EPA will include discussion of the CAIR rule and will

be the longest of the thre&.will describe the results of analysis of US EPA, UARG and ICAC
performed prior to finalizing the CAIR rulelhis paper wilthen examme how the predictions

by US EPA, UARG, and ICAC compared with what actually occurred based upon actual new

order datd and that the actual capabilities of dtempanies to respond to CAfRr exceeded
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the estimates dfiS EPA and UARG.Then, using the &gal new order information on scrubbers
and SCRs and the resource modeling information by these gtbagmper showthat

resources will be readily availalddter CAIR Phase | installations for future clean air projects
Finally, this paper briefly dicusses other resources needed for clean air projects and how US

EPA6s assumptions regarding these generally h
20US EPAG6s Analysis

US EPAOGs pRasedRoudgetsbn NOx and S©for statedn the eastern half of
the United Statethat are gpected to be mainly met through reductions in power plant
emissions. Ashown in Figure 1CAIR covers 28 eastern states and&rict of Columbia
CAIR emissionficap® are phased in, with Phase | complete by January 1, 2010 and Pisase Il
intended & becomplete by January 1, 2015CAIR allows states to participate imac -anm
tradeodo progr am t dtletthroaghdordrel ef ensissiomprithroagh thesuse of
pollutant emission allowances that maydamked for future use and/fwadel between affected
sources So, in this sense, tiec a@s e not r eal AfcapsoO on emissio
i c a p s and areaemrpected b, exceeded as a result of the usearfikedallowances.lt is
important to note that CAIR was remanded by the courtsseweral key aspects of CAIR are

expected to be revised as a result of US EPAS®

Figurel. CAI R Affected Stat®es and Emi ssi

Emission Caps*®
(million tons)

alldzgly &l
Annual 50y a7 256
(2010}
Annual NOx 15 13
(2009)
Seasonal NCx .58 48
(2009)

[] states not covered by CAIR “Forthe aRectad ragion.

W states controlled for fine particles (annual SO, and NOX)
States controlled for both fine particles (annual S0, and NOx) and ozone (ozone season NOx)

|:| States controlled for ozone (ozone season NOx) 11
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Before US EPA finalizes a rule, they analyze the impact on the econoniyiratite
case of rules that affect the utility industryhe impact on the utility industry. These impacts
include the impact on the cost to produce electricity, whether thdreenainy significant
disruptions in the electricity or fuel markets, and other effdéts. CAIR,US EPA assessed

whether the electric utility industry was capable of complying with CAIR in the time allowed.

Figures 2a andiRare taken from the US Engim me nt a | Protection Ager
ontline information regarding the CAIBNnd reflect the results of analysis completed in 2005
The blue | ines show the ficapsod and AsBhewnr ed | i
according to this US EPAnalysis, actual emissions under CAIR wexpected to exceed the
Acapso for several years (beyond 2020he due to
figures are annotated show the schedule for emission reductiordentCAIR  As shown, in
thefive-year period betwee?005 and 2010 US EPA anticipatidt national S@emissions
would be reduced by roughly 4 million tons. By comparison, in theyaa&r period between
2010 and 2015 US EPA anticipated that CAIR watddse S@emissions to beeduced by only
about another 1 million tons. This is one indication that the retrdivtitges between 2010 and
2015 wee expected by US EPA be much less intense than in the period prior to 2010.

21 US EPAOGs Projections of Retrofit Activi
Accordingt o Ref erence 2 (US EPAOGs October 2005
CAIR US EPAOGs expected retrofits of roughly 9
of new SCR systems by 2020. An additional 22,700 MW of SCR and FGD was expected for
new power fants. US EPA expected 36,000 MW of FGD and 15,000 MW of SCR to be
completed by 2010 for Phase I. According to US EPA, this Phase | effort was expected to be
performed over a period, due to the timing of the rulemaking, to be 3.25 years for the FGD
systems and 2.25 years for the SCRsresulting in an intense retrofit period prior to 2010. So,
when EPA issued CAIR EPA anticipated an average of over 11,000 MW of FGD retrofit activity
per year (36,000/3.25) prior to 2010. On the other hand, after R@dddre a full five years
available for Phase Il retrofit activity before @15 Phase Il date, resulting in an average 7,260
MW of FGD retrofit activity per yedra 34% drop in activity for FGD after 2010According to
US EPAOGs anal yexpeaed that the2ré€rofits jn th& $&dond phase (after 2010)
would be smaller units, resulting in more actual retrofit projects in the period after 2010 than

before (186 versus 153)However,due to the compressed scheduiier to 2010, this still
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Figure2a. US EPA®&s Pr ojemissionons of
SO, Emissions from Electric Generators with
CAIR/CAMR/CAVR

Most SQ reductions to
be complete by 2010

= = Projected SO, Emissions from the Power Sector

== Prgjected SOﬁ Emissions at Units > 25 MW

= CAIR SO, Cap

= = 50, Emissions at Units > 25 MW in CAIR States

- = Ret?erence Case 50, Emissions from the Power Sector

Figure2b. US EPAds Projectins of

2005 2010 2015 2020

SO

N O x

Million Tons

Annual NO, Emissions from Electric Generators with
CAIR/CAMR/CAVR

/ -Tl-—-—---—_

Most NOXx reductions to be

| | complete by 2010

0 T T T T T T T T T T T T T T T T T T T
2010 2015 2020

2000 2005

= = Prgjected NOx Emissions from the Power Sector
Projected NOx Emissions at Units = 25 MW

e CAIR NOXx Cap
= = NOx Emissions at Units > 25 MW in CAIR States

= = Reference Case NOx Emissions from the Power Sector
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resultsin significantly fewer projects anticipated per year after 2010 (21% fewer projects per
year). Therefore, US EPA anticipated that the level of retrofit activity expected would peak in

the period prior to 2010 and drop off to a lower level after this.peak

It is important to note thadrevious estimates by US EPA (estimates made prior to 2005)
actually projected more retrofits (49 GW of FGD versus 36 GW and 24 GW of SCR versus 15
GW) prior to 2010 and fewer retrofits after 2010herefore US EPA origindly anticipated
much more activity prior to 2010 with a much steeper drop in activity at the end of PhEHse |

difference is the result of changes in modeling assumptions. According to Retgrence
modeling of various multipollutant bills under consit&n by Congress was performed in
2005, including modeling of the CAIR/ICAMR/CAVR with an additional constraint (one not
used in prior analysis) of a hdridhit on labor suppl{ what we wi | | r ethaer t o @
was lower than some earlier US EBgtimates and using labor demand estimates hgeed
UARG comments that indicated higher labor demand than earlier US EPA estimates. This
additional constraint to US EPAG6s analysis ha
retrofits that cold be performed prior to 2010 and explains the shift in results between the 2004
modeling and the 2005 modeling. The following section describes the background of this
analysis in somewhat more detail.

2.2 BackgroundonUS EPAGs As s es s noéRollution €onttolhe Suppl

Technologies

In 2002 US EPA examined the engineering and economic factors associated with a
multipollutant emissions ruf.In this study US EPA concluded that the availability of
construction materials, engineered equipment ancerégagvas more than adequate to meet the
needs of the utility industry should there be a significant amount of retrofit activity for a
mul tipollutant rul e. At the ti me, US EPA was
Act, which would have impesl SQ and NOx emissions requirements on utility boilers in a
manner similar to the CAIR. The study determined that supply of engineered equipment,
construction materials (steel, concrete, etc.) and reagents was more than adequate. According to
the analgis, the sole area that had any risk of a tightening of resource supply, and thereby
limiting retrofit activity, was the area of specialized construction labor, particularly boilermakers.
Unlike most other construction trades, the boilermaker traderlig $piecialized to the power

industry and a few other industries (petrochemical, shipbuilding). Therefore, it is typically the
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trade that is most limiting. However, the 2002 analysis showed that there were more than
adequate resources, including boilekers, to meet the expected demanded by the Clear
Skies Act

In 2004, and in support of CAIR (then called the IAQR), US EPA again examined the
availability of boilermaker labor in light of the most recent projections of retrbftscording
to this meno the demand for boilermakers in advance of the Phase | CAIR compliance dates
would be most heavily concentrated in themd8nth period from March 2008 to October 2009
as equipment was installed prior to the Phase | CAIRGinpliance date of January2010.
US EPAOGs analysis showed that there was adequ
boilermaker demand projected by US EPA. Nevertheless, later in this document thi$ issue o

when the peak in labor demand would be from CAIR retrofits isited

In March 2005, and in response to comments on the proposed CAIR, US EPA issued a
revised analysiasing amore thorough analysis of the supply of boilermakgr&)S EPAand
more conservative assumptions of labor demand thathesexd on informatioprovided bythe
Utility Air Resources Group (UARG, an advocacy group for the electric power inddstry)
Previous estimates by US EPA were based upon boilermaker demand requirements provided by
companies that build FGD and SCR systems that were bleddn Reference 5This new
analysiby US EPA using UARGOGs more conservative (
included sensitivity testing in ten different scenarios to examine the effect of different
assumptions. Two of the ten cases assumedmdee rapid retrofit effort than projected by US
EPA or even required to comply with the rules as written. Of the ten cases tested, in eight of
them US EPA estimated that there would be adequate boilermaker labor to meet the 2010 CAIR
requirement. Therdy cases that showed a shortfall in labor were the two tiagtassumed
scenarios that entailedfar more rapid retrofit effort than projected by US EPA or even required
to comply with the rules as written. Hence, underexpecteds cenar i o, US EPAOGs ¢
showed that there would be an adequate supply of boilermaker lafact, using the original
boilermaker demand estimates described in Refefgraleten of the scenarios would have
shown ample supply of boilermakers the Phase | demand:heoriginal boilermaker dmand
estimates used by US ERv¥ere developed through discussions with companies that have
constructed dozens of scrubbers and SCRs in the US while the UARG estimates for scrubber

labor are based upon six daiaints provided by owners. However, recognizing that there is
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some uncertainty in all dhese estimates,is reasonable to test other estimates, such as those
provided by UARG.

In October 2005 US EPA issued a further revised analysis of the scrabbe8CRs that
woul d be installed for CAIR, but now assuming
hard cap on the labor available such that the labor would become the limiting factor in the
number of retrofits that could be perfornfe@his analysiswith far more conservative
assumptions about labor demand and availability than previous US EPA estimates is the analysis
that eventually was referenced in the final CAIR rule. This assumption of a hard cap for labor
was a significant departure in appchdrom previous analyses because it did not consider the
dynamic nature of the labor market and the use of alternativessiteasraft labor, which had
been discussed in Referentby US EPA.

The Dynamic Nature of the Market for Labor

The assumption of a hard cap on labor is a simplifying assumption that can be misleading
because the market for labor is dynamic. It is important to keep in mind that, frequently, during
periods of high demand, certain statistics may suggest that thediéonzraft labor will exceed
the finominal 06 availability of | abor. That i s
enrollment versus demand and make specific assumptions about hours available which do not
capture the dynamic nature of thereal lana r k e t . This fAapparent o shc

up for in several ways, most of which are discussed further in ReféfdaycdS EPA:

1 Overtimei Because demand for boilermaker labor is not steady, boilermakers will work
overtime during periods of higdemand

1 Non-Union labori Most boilermakers are members of the International Brotherhood of
Boilermakers (IBB). But, some are nbbcal craft labor supply is normally developed
from IBB union enroliment statistics, which do not reflect the additiomaply of non
union craft labor that may be used in some locatiofise ability of an owner to use non
uni on | abor on site will wvary. But , even
constructor on site, thfact that another comparman will help free p union labor.

1 Non-Locallabori Because of the seasonal nature of boilermaker work, boilermakers will
often travel to a different location for work. In faatcording to the IBBin 2003 there
were over 1300 Canadian union boilermakeosking on NOx $ Call projects in the
United States.

1 Other boilermaker sourcésBoilermakers work in other fields than powsuch as
refining/petrochemical, shipbuilding, metals industries and other construction trades. US
EPAGs anal ysi s as s Wwnoétie assimed number ofrboilermakdrsh a n 3
were available for power plant environmental retrofit projects. However, in periods of
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high demand the International Brotherhood of Boilermakers is capable of shifting some
of its members in its 420 lodges to whdre need is and, if need be, training them for
power plant applications.
T New Boilermakers Between 1999 and 2001, boilermakers increased by 35% mostly by
new members (not retired members coming back). This was in response to new demand
from SCRs being stalled for the NOx SIP Call.
1 Alternative fabricatiori The fabrication of the equipment can be modified so that some
activities that would otherwise have to be done on site by union boilermakers can be done
at fabrication shops by namion workerspftenat significant savings and with a
reduction in demand for union boilermakers. This is an alternative to using union craft
laborthat is often chosen at facilities that can receive large fabricated companénts
can reduce overall cost by reducingsite construction efforts
As a result, although some st at itsperiorms may
projects the project:evertheless are completech t i me because these stat
capture the dynamic nature of the labor market. In flaistwill bedemonstrate later in this
document with a ofiARR®Phkased anth& MOx §IR @dll.y s i s

23 US EPAOGs est i maessaryto instatl theeequipmentdo nreet the

requirement

Installing FGD and SCR systeragethe most timeconsuming projects required for
CAIR Compliance Of the specific projects, the most time consuming of these would be
installation of multiunit FGD orSCR systems. TEhmultiunit FGD installationsnvolve
multiple units ducted to a sing#sorber. SCR installations typically require SCR on each

boiler.

In References, US EPA examined the time necessary for various types of FGD and SCR
installations. As shown in Figure 3JS EPA anticipates a single FGD system to require 27
months. For a more complex project, such as multiple absorbers on multiple units at one site US
EPA anticipated that it could require 36 months from initial assessment of tegiesdio

completion of commissioning.
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Figure 3. Schedule for Retrofit of a Single FGD at a Single Plant

Exhibit A-1: Single FGD Months
i1 2 3 4 85 8 7 & 910 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27
Facility Engineering Review and Award of Contract
Engineering Assessment of Technologies
Develop and Send Request for Bids
Receive, Review and Negoliate Bids
HAward Contract to Technology Provider -
Control Technology Installation EEEEEEEEEEEEEEEEEEEEEEE
Engineering Fabrication Delivery
Construction: Pre Hookup
Construction: Control Device Hookup (Egmit outage)
Control Technology Testing
Construction Permit
Permit Application - Preparation and Submission
Construction Permit - State Review and Draft Proposal
Construction Permit - Public Comment
Construction Permit - Approval (final) -
Title V Operating Permit Modification AN 1 1 N
Title WV Permit Application Preparation and Submission
Title WV Permit Application - State Review
Title W Permit Application - Public Comment
Initial Compliance Stack Testing
Recaipt of Title WV Operating Permit .

In Referencé, US EPA also examined the time necessary foofiebf SCR systems.
Figure 4shows the schedule for retrofit of SCR at a l@rapiler. This retrofit is projected to
require about 21 months. Now, if there were multiple SCRs at one plant, the retrofit project for
the plant would take longer. In RefereaddS EPA estimates that if 7 SCRs are installed on

one site, it could take 35 months.

It is fair to say thabpinions vary on hovong it takes to bild an FGD system or SCR
system. Certainlythe time will vary depending upon the particular facility.
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Figure 4. Schedule for Retrofit of SCR a Single Boifer

Exhibit A-3: Single SCR Months
1 2 3 4 5§ 6 7 8 91011 12 13 14 15 16 17 18 19 20 21
Facility Engineering Review and Award of Contract
Engineering Assessment of Technologies
Develop and Send Request for Bids
Receive, Review and Megotiate Bids
Award Contract to Technology Provider .
Control Technology Installation .................
Engineering Fabrication Delivery
Construction: Pre Hookup
Construction: Control Device Hookup {Egmt outage)
Control Techneology Testing
Construction Permit
Fermit Application - Freparation and Submission
State Review and Draft Proposal
Public Comment
Approval (final) .
Title V Operating Permit Modification LT PP Pttt rirrririril
Preparation and Submission
State Review
Public Comment
Initial Compliance Stack Testing
Receipt of Title W Operating Permit .

3.0UARGO Assessment of the Time Needed to Respond to CAIR

Referenca is a study by UARG of the feasibility of complying with the CAIR rule.

UARG wished to address comments made by théuitsiof Clean Air Companigsee later in
this documentjhat representsost of the suppliers of giollution control technology. ICAC
also provided input to US EPA on their 2004 CAIR analy$able 1shows projected retrofit

needs (in MW of equipment) to meet Phase | requirements of the proposed rule. Keep in mind

that US EPA has made other estimates since then and perhaps UARG has made other estimates

as well. Table Z taken from Referendgandshows estimated distribution of labor over a

project life from initiation. The table provides two pieces of information. First, it shows the

estimated time for an SCR or FGD project from the time a supplier receives anTdrdes.is

some engineeringgoformed prior to the supplier receiving an order. So, the total project time
for the utility potentiallylongeri anywhere from a few months to perhaps a year. Second, the
table shows how the boilermaker demand would be distributed over the timgodjget. One

of UARGOs <criticisms was t hat it did not
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unevenness in the demand for craft labor on a project, and the possibility that this demand would

peak to levels where the supply might not meet demand.

Table L Summary of FGD, SCR Retrofit Capacity Required To Meet Phase 1 (2010) of CAIR:
Various Studies (from Re)

Control Option UARG EPA January 2004  EPA May 2004
FGD 43 49 35
SCR 46 24 32
Total 89 73 87

Table 2 Fractional Demand for Boilermakers Time, as Percent  from Ref. 8

(Per Quarter Following Project Start)
Technology Q1 Q2 ()3 Q4 Q5 Q6 Q7 Q8 Q9
FGD 0 0 0 0 10 27 34 23 G
SCR 0 1] 0 20 25 40 15 n/a n/a

Note that the length of time for an FGD project is shown as nine quarters, or 27 months
and for an SCR it is seven quarters or 21 months. UARG actually stated 8itiRefthe 27
month and 21 month schedules for FGD and SCR, respectively, were tobysharionths for
FGD and 3 months for SCR. However, UARG used it in the analysis presented in comments to
US EPA describein the next paragraph. Of course, there might also be some additional
engineering preceding the order. Buging the schedule fno Table 2 this suggests that for a
utility to have a scrubber installed by January 1, 2010 the facility owner would have to place the
order by the end of the third quarter 2007. Even if the preceding engineering effort were a year
long, that means thate effort would require about 39 months, or roughly 3 % years. Of course,

not all projects are the same and some might be shorter and some longer.

UARG used the preceding information to estimate how long it would take to install the
expected number of adobers and SCRs for Phase | CAIR compliaricetheiranalysis UARG
setafirmlimit( a f h a to the availabibty of boilermaker craft labor and used estimated
demands for boilermakers that were higher than what the US EPA originally used and higher
than that offered in Referenbe I n UARGG6s analysi s, I f the

limit they input on supply, then the work would be delayed to the next quarter. Hence
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orders occurred on July 1, 2006, six months after assumed finalization of State

Implementation Plans, which resulted in a completion date for all projects in the first

quarter of 2011.
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UARGO s
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being UARGOGS
orders started on January 1, 2006, after the date when UARG assumed State
Implementation Plans wouldk finalized, which resulted in a completion date for all

ng

UARGO s

boilermaker labor and for the timing of when orders were placed, fof tiese retrofits to be

complete by January 1, 2010, the first orders had to start no later than January 1, 2005.

As will be shown UARGOG s
the APCindustry to respond.

char

analysis 1is

predi ct i on sedthdagtumlabilityofant | y

4.0 | C A CAssessmenbf the Time Needed to Respond to CAIR

Referencd is a study by ICAC that examined the availability of boilermaker labor to

complete the anticipated retrofit requirements of the proposed Interstate Air Qualily Rule

IAQR, which later became known as CAIRt that time the IAQR was a twghase program
similar to the final CAIR rule. US EPA had anticipated at the titmt:

1 49 GW of FGD and 24 GW of SCR would be needed by 2010 for the proposed IAQR
1 63 GW of FGD and 46 GW of SCR (inclusive of the instadtes for 2010) by 2015

According to ICAC, théNational
Association of Construction Boilermaker
Employers (NACBE) an association of
the companies that employ boilermakers
T anticipated the number of boilermakers
to grow to nearly 30,000 during the

construction period for the CAlIRs

" USEPA periodically updated their estimates
"Many of | CAC6s member

Active Members

companies

Figure 5. Projected Boilermaker employmeht
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shown in Figure 5 This increase was a direct result of the increased demand for boilermakers
that would result from CAIR. ICAC also disceskthe various ways boilermakers are used in the

clean air projects and methods of construction that can reduce the demand for boilermakers.

ICAC performed an analysis of the IAQRiter called CAIR)and determined that:

1 There was adequate capacity in the industry to execute all 63 GW of FGD and 46 GW of
SCR US EPA estimated at the time would be needed by 2015
1 Capacity, in fact, was sufficient to install all 63 GW of FGD and 46 GW of SCR by 2010.
In other words, according ICAC, all of the CAIRrelated retrofit activityanticipated by
US EPA for 2015 could actually be completed by 2010. Of course, there would likely be
additional work after 2010 to address new units and controls necessary to address emissions
increaseslue to generation growth. But, this would be at a lower level of interfSaywhen
comparing | CACb6bs projections to those of US
ICAC anticipated that there was adequate capacity to handle a much largerisurge
construction activity prior to 2010 than either US EPA or UARG anticipated. Because the
number of existing plants to be retrofit is finite, this surge prior to 2010 naturally implies that

activity would drop off rapidly after 2010.

In the next sectiothe actual experience in responding to CAIR is examined

5.0 Comparison of Actual Retrofit activity to the USEPA, UARG and ICAC
Projections

On the subject of feasibilitthis White Papehas, so far, discussed what was being

projected prior to the fin&ation of the CAIR rule. This was to provide background on the

factors believed to impact the industryés abi

that different parties examined this subject of feasibility extensively from their perspective
However,with the benefit of having real information tompare to the predictions,s usefd to

examine how the predictions compare to the actual results.

The intensive construction anticipated by US EPA, UARG, and IGA&ct, progressed
as expeted. There was a very high level of activity in the years leading up to the 2010 CAIR
deadline for S@ This is also consistent with the expected peak in activityat time
Although lead times on equipment and matearad prices on these items hadreased due to
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the increased demaraahd other factorghe projectsvere executed, arafew arestill being

completed However, theravas actuallyfar more activity than any of the padiexpected. In

fact, in 2007 US EPModified its estimate foihe retrofits anticipated to be installed by 2010

and this estimate wasgnificantly higher than previous estimates. This estimate &btor

projects that hdhbeen announced and committed In early 2007US EPArevised its estimates

that at leasb5,000 MW of new FGD capacityascommitted by 2009 and estimdtabout

80,000 MW of new FGD by 2010. This compares
36,000 MW by 2010 and 72000 MW by 201k other words, with real project infimation, US

EPA anttipatedmore FGD to be installed by 2010 than they previously expected to be installed

by 2015

The greater amount of retrofit activity prior to 20h@ans thathe rate of installation
shoulddrop off even more dramatically after the Pha€AIR deadlinethan US EPA had
anticipated when the CAIR rule was finalizedlith a finite number of boilers to retrofit, more
activity before 2010 means lesstivity after 2010.Figure 6shows estimated average
installation rates usingdUSYERSOEPAGB7 agsajmed
period of 3.25 years for pi2010 retrofits of both SCR and FGDespectively, and 10 years for
the 2010 to 2020 period. As shown, both SCR and FGD installation activity are projected to
drop off to about a third of thepre-2010 level in the period from 2042D20. Keep in mind that
a large proportion of the pe010 retrofit activity is associated with new units that are likely to
occur later in the perigabr may not occur at all due to project cancellations

Recalln g U A R G 6 sns,pgheypjojectet! thad about 43,000 MW of FGD and 46,000
MW of S C Rwoslld be needed babuld not be installed before 2010. They expected that these
could not be installed before the end of 2010 at the earls#stin reality FGD is being installed
at a much faster rate than UARG anti oerpated o
alsoinstalled at a faster rate than either US EPA or UARG anticipated could be installed in that

time.

Y The pre2010 execution period is based on an assumed start of activity at the end of 2006 and the final Phase |
CAIR deadline of January 1, 20for SQ.
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Figure 6. Estimae of FGD and SCR installation rate in MW of capacity per year from US EPA
2007 projection developed from data in Referent@

Installation Rate of Scrubber and SCRs in MW/yr
based on US EPAs 2007 Projections of installations
uses actual announced projects and includes new units
30,000
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20000 O Scrubbers
' BSCR
>
= 15,000
=
10,000
5,000
0
by 2010 2010 to 2020
Clearly, |1 CACOs estimate was the cl osest

scrubbers and SCRs US EPA anticipated asssary by 2015 could be performed by 2010,

resulting in a much higher level of activity prior to 2010 and a lower level of activity after 2010.

Keep in mind that, except for the CAIR emission level requirements, there were three
assumptions that were coromto both the UARG analysis and the late 2005 US EPA analysis
that predicted only 36,000 MW of scrubbers by@0These assumptions relate to
1 The timing of orders
T The time it takes to fill an order (UARG
althoughthey state that they believe somewhat more time is needed)

1 Ass%mptions regarding the demand for and availability of resources, especially craft
labo

Each of thesés examinedn the following sections.

8 UARG did assume a less even demand for labor than did US EPA. However, with regard to total labor demand,
US EPAG6s 2005 estimates were developed from those of
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5.1 Timing of orders.

Figures7 and 8show the historical and projected new orders for Flue Gas
Desul furization (both wet and dry) and SCR fr
2006 Annual Market Outlook. ICAC is the trade association for suppliers of air pollution
control techology companies that includes nearly every supplier of air pollution contitod to

electric utility industry. This datais provided with the permission of ICAC

New orders show when the contract was signed. The project would be completed and the
equipnent brought on line at a later poir@learly, 2005 and 2006 are the peak years for new
FGD orders. In other words, neiGD orders peaketh 2005 and 2006 and have been dropping
off since Both UARG and US EPA assumed that no orders would be placédftertthe State
Implementation Plans required under GRAlvere finalizedor at the end of 2006 at the earliest
Clearly, a large number of utility customers did not wait until that time. &igwhows the data
of Figure 7anothemway1 cumulative oders by the end of the yeaBy the end of 2005 nearly
60,000 MW of FGD was ordered, which is when UARG and US EPA assumed the first orders
would actually be placed. And, by the end of 2006, 86,000 N&&rly all of the FGD US
EPAGs 2005 pipatef woald be oeeded kyy AB0Rere ordered.As shown the
cumulative orders in Figuredart to level off near 2009 because the new orderslawing
down per Figure .7 It stands to reason that if the orders were placed at an earlier date than
UARG and US EPA projected, they will also be completed by an earlier date than UARG and
US EPA projected.

The drop off of expected new orders has clearicapbns forlater buyers First, he
Asell erds mar ket o t hat warderaetixitphasbieeomed aafibulye
ma r k e t ovailabte ndwltiestoraers drpedoff and the companies with builip engineering
capacity compete for the reduced amount of future business. Second, as will be shown in the
next few pages, craft labbasbecome increasingly available in the years after the peak in

demand for Phaserétrofits making it easier to hire labor for scrubber and SCR projects.
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Figure 7.

ICAC 2006 New Order Projections
From 2006 ICAC Annual Market Survey
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Figure 9.

Cumulative FGD New Orders - Historical and Projection
From 2006 ICAC Annual Market Survey
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5.2

The time it takes to fulfill an order

Even inearly 2007 companies habdeen accepting new orders while planning to have

these control systems efting prior to 2010. Tableshows several amouncements of

scrubbers, some as late as spring 2007, when most of the analysis for this papeforasg

As shown, these projecigere apparently being committed to be performed in the rougBly 2

year time period that is shown in Talle So, these companies and their utility customers

expecedthat theywould execute these pjerts in this time Of course, since then CAIR was

vacated an¢aterremandedand this may haviead an effect on some of these projects.

Table 3. Some Wet FGD Order Announcements, Including Start Up Dates

Supplier Plant Announcement Start Up Reference
Babcock Power | Cholla 4 October 2006 Mid 2008 11
Cholla 3 Mid 2009
Ghent 1, 3, 4 Dec 2005 2007-2009 12
Brown 1, 2, 3
Babcock & Hat fi el do| July2006 2009 13
Wilcox
Washington Fort Martin December 22, 2009 1215
Group 2006
Alstom Spurlok 1 November 21, 2009 16
2006
Wheelabrator Keystone November 13, 2009 7
2006
Black&Veatch Crist April 4, 2007 2009 5
Chiyoda
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5.3 Availability of Resources

The resources necessary to build scrubbers and SCRs include:

1 Craft labor, especially boilermakers

1 Engineering labor tdesign the equipment

1 Construction materials, especially steel, concrete, etc.

1 Engineered equipment, such as pumps, valves, motors, catalyst, etc.

Craft Labor has been a major concern and will be examined in detail.
Craft Labor

Craft laborers are th&killed workers that are directly involved in building the equipment.
As noted in previous parts of this repdWARG and US EPAend to view boilermaker
availability es themost criticalcraft labor availability issue This is because of the specialized
nature of this trade for power plant applicatio@her crafts canftenbe drawn from the
broader construction industry. So, supply of these other craft labor trades is normally less of a
concern than supply of boilermakers. And, this is why US BERAWBARG put so much effort
into analyzing boilermaker availability prior to finalizing the CAIR rule by US EPA and others.

With information regarding the actual orders and installations, it is possible to make
estimates of the boilermaker demdram CAIR retrofits Taking the information regarding
actual and projected SCR and FGD projects and the boilerdeknand estimates of UARG
and US EPA, estimatef boilermaker demandere developedThis usd boilermaker time

loading as shown in Table 4 and tlwlé&rmaker demand estimating factors shown in Téble

Table 4. Boilermaker demand estimating factors, in Boilermaker years/MW

SCR FGD
US EPA 2005 demand loading* 0.344 0.270
US EPA 2004 demand loading 0.175 0.152

* US EPA developed loading numbers in 2005 based on UARG information. So, these are from Reference 7
(by US EPA). But, Reference8( UARGG6s comments) provid ed the sourc

Since theorderdataavailableis annual order dat#,is necessarjo make projections of
labor demand by yeaiThereforethe information fom Table 2which breaks the demand down
by quarterwas used to develop estimatédboilermaker demand by yeasshownin Table 5

Note that by spreading the labor in this way, it effectively assumes that all orders for a given year
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are placed on December 31 of that year. This will postpone the demand (and the estimated peak)

as well as the completion ddtem what woudl happen if the actual start date were used.

Table 5. Assumed distribution of boilermaker demand
Project Year SCR FGD
Year of order 0% 0%
First year after order 20% 0%
Second year after order 80% 94%
Third year after order 0% 6%
Total 100% 100%

Figure10shows the estimates of demand loading for boilermakers for US clean air
retrofits as wel/l as pollution control on new
assumfions outlined in Tables 3 and 4’ he units are boilermakgears and are equivalent to a
boilermaker working 1685 hours per year. As shown, the demand for boilermakers peaks in the
period from 2007 to 2009 and falls off quickly after that. The drop off that starts in 2009 and
contintes to 2010 would not be affected by the lack of new order data for 2010. And, the further
drop in 2011 is only minimally affected by the fact that there is no 2010 new order estimate
because there would not be much boilermaker demand in that first terahaforder. So,
through 2011 on this figure should be a pretty good indicator of eviesthould expect for
boilermaker demand trends for SCR and FGDs.

Figure 10.
In its 2004 estimate Estimated Boilermaker Demand SCRs and FGDs
(prior to adopt i m@oooUARGHE-s B US EPA 2005 demand
) . loadi
assumptions for boilermaker 9,000 108 EPA 2004 demand
labor and hard caps on laborin | & 8099 loading
p S 7,000
2005), US EPA projected a peak = 6,000
(0]
. . =< 5,000
in boilermaker labor demand [
€ 4,000
during the mid 2008 to mid % 3,000 -
2009.% This, of course, is @ 2,000
. . .. . 1,000 -
consistent with the prediction in 04
Figure D. s 8 5§ 8 8 g &
o o o o o o o
N AN N N AN AN AN
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The National Association of Construction Boilermaker Emplo{&/AsCBE) makes

statistics on boilermaker manhours available on its web site. Figure 11 shows the historical

trends in boilermaker manhour¥hefigure shows the peak in 2002 associated with NOx SIP

Call activitythat waspreceded by a rapid run up in demand ofethan 16 milbn manhours
from 1997 to 2002. The figure also showsi@re recent 2008 peadk consistent withhe trend

of Figure 10, with the peak in demand in 2008 and falling off in 2009. First and second quarter

2010 datdrom NACBE shows that @10 will drop off more again consistent with Figure 10.

Bear in mind that Figure 11 includes demand for all boilermakek while Figure 10 is only
for SCRs and FGDs from CAIR.

Figure 11. Historical Total Boilermaker Manhours

Boilermaker Manhours, thousands
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Source: National Association of Construction Boilermaker Employers

The IBB had 26,696 members in 200Zhere was substantial growth in the time
between 1999 whenthere were about 16,000and 2002. This was thanks to increased

demand for boilermakers due to the NOx SIP Call and, according to IBB, new boilermakers

joining the ranks. In other words, the dynamic behavior of the US labor market was driving

resources (skilled laborers) to where they were needed (boilermaketisgir 2005 CAIR

analysisUS EPAassertedhat 35% of total union boilermaker enrollment t@nmade available

for clean air project§.So, if the enrollment is 26,000 union boilermake&S P A 6 s

conservat

assessment from Referentethen 9,100 union boilermakers wereailablefor CAIR, not

22
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including other sources a®scribed irearlier inthis report.  As shown in Figurd0, this

9,100 numbemay havebeene ached at the peak year of 2008
boil ermaker demand b aBug tbralbatheryeuR iGrémsaindgtov i mat e s )
9,100. Using US EPAOG6s 2004 estirhalermagersof boi |
would have remainedell belowthe 9,100 level for all years.

But, this 9100boilermakerii h ar d ¢ ars dkelpaifaulty adswnption asll be
shownin the following paragraphsWe can look to the pasa test this

We can learn from previous peaks in demand appreciate how the market responds to
sudden surges in labor demand, it is worth examining how the boilermaker labor market
responded duringite NOx SI P Call when SCR6s were added
fleet capacity. Figuré2shows the SIP Call SCR installation in MW by year taken from
Referenceé. As shown, there is a large peEkSCRs being placed into service2003. It
possible to estimate how many boilermakers were needed to achieve this installation level in a
similar manneasFigure D. Figure 13shows the results.

Figure 12. SCR Installations for the NOx SIP CAll

50,000

41,764

45,000

40,000

35,000

30,000

25,000 —

20,882

20,000

Total MW SCR

15,633

15,000 R

10,000 — —

7,100
5,193

5,000

==

1995 114

0

2005 [N

1998 | 346
1999 [a11
2000 1,304
2006 | 550
2007 | 2,182

L
=
o~

2001
2002
2004

|
T

TBD F2.408
|

Non-SIP H

Installation Year

” However, if boilermaker labdncreases to 30,000, as expected by NA@BEig. 5 then 35% of this is 10,500.
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Figure 13. Look-Back Estimate of Boilenaker demand based on Figure 12
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As shown in Figurd3, the demand for boilermakers should have peaked in the 2003
time perioc‘i‘.A Even if the 2002 and 2003 levels are averaged, they average about 10,000
boilermakers using the 2005 US EPA demand logdualj above the 9100 boilermaker level
t hat equates to the hard cap consistent with
appears that boil ermaker activity pe2ddbed wel |
demand loadings are usedjither the 2005 US EPA boilermaker demand loadings are too high,
t he A haonldbordsaoo fowort he A har d singly idcorcect)the labort
market is dynamic and companies and workers adjust as needed to meet therrededkthe

above

In fact, going forward, buyers of air pollution control equipment will be at an
advantageous position to pick up recently experienced craft labor and construction managers as
the Phase | CAIR projects are completed and labsrbecomencreasingly availableThe
recent experience of these skilled laborers and construction managers will also likely translate

into excellent productivity.

At actually peaked in 2002, but the late prediction in Figure 13 is an anomaly of the model assumption that 80% of
the labor is in the second year after order placemehttaat the unit starts up at the endtbit second year.
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Engineering labor to design the equipment

Engineering labor has not been raised as an issue that limits the alihieyAdPC
industry to respond to clean air initiatives. This is likely because this has not been a problem.
There are numerous suppliers of APC equipmefs a result, if one supplier becomes busy,
there are several other optiondoreover, for ownerdiat are building multiple scrubbers,
standardization of equipment design between scrubbers is often performed. As a result this
reduces processpecific changes between unitghich reduces the demandsmocess
engineers. This approach also results in benefits to the users in testasdafrdization of

operator trainingspare parts anghaintenance practices across facilities.
Avalilability and Costof Materials

Materials such as steel, alloggmentand fiberglass used in construction are traded
globally, andUS EPA assumed that availability of these materials would not be a limiting factor
for CAIR. Demand from retrofit projects in the US, while significant, are relatively small
compared to the glath marketplace. As a result, price is much more of a concern than
availability. During this last decade these materials expergkasealation that caught many by
surprise. This was largely a result of rapidly increasing demand for these materials imom As
markets, especially Chinahere the equivalent of two power plants were being built each week

20 Recent indexes show a significant drop off from the peak that occurred around mid 2008.

Cost escalatiowasan industrywide issué not isolated to schbers and SCRs. Figure
14is from the 2007 US Department of Energy, Egergl nf or mat i o nAnAudlmi ni st r a
Energy Outl ook. The figure shows costs trend
adjusted for inflation. As shown therasa significant increase in electric power plant
construction costm the period from about 2003 to 2006, and other data shows that this
continued into 2008which correlates with the increase in power plant construction commodity
prices. Figurd5, whichis also from the Annual Energy Outlook shows trends for a range of
commodities and the trend is across all mapmwer plantonstruction materials. It is also
notable that while costs are higher than they were in the recent past, they are alatatmut
they were in 1973 in real dollar terms. According to these indices, adjusted for inflation, power
plant construction costs have remained within a roughly + 20% range for the past 30+ years.
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Figure 14. Trends in Real (inflation adjusted) Electttility Construction Costs, from
2007 EIA Annual Energy Outlook
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Figure 15. Trendsin Real (inflation adjusted)@cific Construction Commodities,
from 2007 EIA Annual Energy Outlook
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Engineered Equipment

EPA determined that availability of engineered equipment would not be the limiting
factor in the installation of SCR and scrubber systems in a multipollutark anie this
generally proved to be the case although during the CAIR phase | retrofit period lead times on
some engineered equipment items became longer. Items such as large recycle pumps, large
electric motors to drive the pumps, and otsigch specialized equipment did see lead times
increase significantly; however, this period of time where lead times became prolonged did not
persist. This is partly because in response to demand, manufacturers expanded capacity or
companies lookingtoboy t hi s equi pment found alternative
rat passed through the snakeo as suppliers wo
customers. Moreover, China has now become a manufacturer of large recycle pumaps as t
installed scrubbers on their cdaked power plants. In a similar manner, in anticipation of the
increased demand for SCR catalyst from the NOx SIP Call, many catalyst vendors increased
capacity. So, experience has shown that supply of engineerginent has not in general been

a serious impediment to completion of clean air projects.

In both the case of the NOx SIP Call and in the case of Phase | of CAIR, the industry
respondd to the increase in demand by increasing supply. Moreover, it ielyniifatthe
demand folISCRs or wet FGD systenegperienced during the NOx SIP Call or Phase | of CAIR
will be experience@ver again because bgilogramsentailed retrofit of a large portion of the
coal fleet in a few short yeaand there araow fewer plants remaining to retroft this equipment

in the future

6.0 Role of other technologies

Thus far, this White Paper has focused on scrubbers and SCR as the primary technologies
of concern. This is because these are the most capital intensive technologies that were likely to
be used for compliance with tiBAIR, NOx SIP Calo r U S E P i preposedel mespott
Rule and thereforaise of these technologie®uld put the greatest strain on available resources;
however, there are other, less capital intensive, technologies or approaches that can be used for
emissions complianceaJse of theséess capital intensive technologies can reduce the need for

scrubbers and SCR and relieve the strain on resources somé&wehakample, dry sorbent
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injection (DSI)is a technology thatduces S@through injection of Trona, Sodium Bicarbonate
or Hydratel Lime upstream of particulate control device. D8lbes not generally provide the
SO, reductions that are possible with scrubbers; however, the reductions are nevertheless
significanti typically in the range of 50% or more. Moreovéege technologgecan be

implemented very quickly typically within one year.

For NOXx control, selective necatalytic reductiofSNCR) is a proven approach to
achieve NOx reductions in the range of about 25% (varies logeadapplication), and can be
implemented in unel a year. Compared to scrubbers and SGR, BNCR and DSI require

relatively little in terms ofabor resources.

It mayalsobe possible to improve the scrubber performance of many older scrubbers that
were installed i n t heplelli®mestong orcea nxelatianIvet 3adubber Fo
system upgrades at the Vectren Cull ey Station
Mi chigan South Central Power 6s Endicott Stati
98% being achieved feach of these units"?>%*  Upgrades such as these can also be
implemented very quickly and inexpensively when comparaastallation of a new scrubber
and they are probably better suited than FGD to the remaining unscrubbed plants that tend to be

smaller in capacity.

These loweicost approaches for 3@nd NOxcontrol that can be implemented quickly
lend themselves well to the flexibiityh at has been i ncorporated int
regulations These methods do not require largennutments of capital. Utility companies can
implement these methods and delay or avoid installation of more capital intensive technologies.
Although SNCR has been incorporated Bt 8SEP A6 s anal y si andscmbbdrhe past
upgrades have not
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7.0 Implications of this Analysis

This White Paper assesstte demands on resources for constructing air pollution
control equipmenin response to clean air initiative#t focused on NOx and S@ontrol
equipment, pdicularly SCR and FGD systems; hever, the lessons apply to other equipment
that may be needed for future clean air prograBysexaminingUSEPAG6s anal ysi s
capabilities of the air pollution call industry to respond to CAIR, was determinethatUS
EPAunderestimated the aity of the industry to respond to CAIR its 2005 analysis published
with the rule This wadargely a result of assumptiotisatUS EPA maderegarding thelemand
for labor and theavailability of labor to install the equipmethiat US EPA projected woud be
necessary for the industry comply with CAIR. The assumptisnmegarding labor were
demonstrated to be too conservative and did not take into account the dynamic nature of U.S
labor marketswhich US EPA had previously acknowledgbdy i mp chsairrmdg caa pf® o n
availability. Assumptions regarding timing of orders also proved to be incorrexgurptions
regarding other resources that weot envisioned to be limitingenerally proved to be
consistent with experience.

The findings of this Wite Paper have implications for future clean air initiatives and how
the timing of these initiatives should be assessed. To this end, it may be beneficial to reexamine
the topic of resource supply and demand, particularly with regard to labor, and develop
assumptions that better reflect the demand and supply characteristics of the market for power
plant labor.

Lookingto the futurein addition to SCR and FGD systems, there are other technologies
that are likely to playn increasedle in future NOx and S£reductions and will require less
significant outlays of capital asell as construction resourceg.hese loweicost approaches for
SO, and NOx control can be implemented quickhay be better economic choices for smaller
unitssandl end t hemsel ves well to the flexibility

criteria pollutant regulations.
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