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FOREWORD

This report was writtenyoThe Pechan-Avanti Group (Pechan-Avanti) for the Western Governors' Associatid
summarize the Inggated AssessmenyStem (IAS). The IAS was developed Argonne National Laboratgr{ANL) un
subcontract to Decision Focus, Inc., dgrihe Grand Cayon Visibility Transport Commission (GCVTC) sydThe inf
in this report is taken from the reports and data bases that were proyithedWGA for the performance of this cont
the report text is taken diregtirom the contractor reports from the GCVTC studn other cases, the information in 1
reports has been compleatek-oiganized and re-written to meet the requirements of this contract. While efforts h
verify the written information with IAS model data bases, a complete verification of all information was not poss
is possible that some of the information in this report may be incorrect.
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CHAPTER |
OVERVIEW OF MODELING APPROACH
AND KEY ASSUMPTIONS

The first mgor section of this chapter discusses all of thelke input data. IAS data base table names are pr
second mjor section of this chapter documents all of the foeemulas of the IAS computations that make use of the
The third section of this chapter provides a discussion of the varigisstiaat emissions magament scenarios (EMS
specified and simulated with the IAS, via its Control Action Determination Module (CADd). Id-inally, a sample ct
provided that demonstrates how future sulfur dioxide,J®issions are estimated in IAS, gsan example iggon and
category.

The fundamental unit of analysis in the IAS, and therefore a key aspect of all the data structures, isethe A
unique combination ajeographical location,ype of emissions source, and fagilize. When all of the cells arggreg
has accounted for all of the sources of emissions in the modeled region, which includes the eleven western Stc
southwestern Canada, and Mexico. Control actions are selected for each celyigagadta scenarioytthe user and/
CADM, and then emissions of each pollutant ar¢qmted from each individual cell, providjthe basis for the recept
impacts calculations of that scenario.

Altogether, there are 2,466 individual cells in the IAS, and each cglhange its own unique set of baseline ass
and its own set of potential control options. This means that the IAS data setydaegeesind complex. In actuajita
of the cells are treated as "uncontrollable" either becaugethdngeagraphical locations that are not bgiconsidered
controls ly the GCVTC, or because thare inherenyl uncontrollableytpes of sources, such as windblown dust, or ¢
that are difficult to control, or because yheeregiven low priority by the Assessment Subcommittee in the IAS dev
process. Low priority was defined as a source category that dés mogroupcontribute to more than one percent of
emissions of any of the pollutants.

A. KEY INPUT DATA BASES
1. Emissions Inventory

The IAS contains information about current (1990) emissions within twelve States. This information, know
Inventor," was the product of a coordinated effort between the GCVTC, the States, the U.S. Environmental Pre
(EPA), industy representatives, and contractors (Radian, 1995). The/basemission inventgrused in the IAS has
following attributes:

(1) The information is representative of 1990.

(2) The domain of the inventpfocuses on the 11 western States, Texas, and Southwestern Canada. Mes
are represented by very rough "placeholder" estimates.

(3) Sources include anthrogenic point sources @, smelters, power plants, and refineries), area sourcpsrés
fuel combustion, andggicultural-related activities includinfertilizing and tilling operations); mobile source
road motor vehicles including cars and trucks, and off-road motorized vehicles including trains, aircraf
construction equipment); lgenic (eg., commercial and natural getation); forest fires, forest magement, ¢
waste burning; and fugitive sources, such as reentrained and windblown dust.

(4) Pollutant compounds included in the data base arg; r8aztive oganicgases (ROG), fine particulates, re
separately as organic carbon, elemental carbon, and othgg, &, PM, ), coarse fraction particulates (F
oxides of nitrogen (NQ, and ammonia (N). There are also estimates of isoprene, terpene, and other
compound (VOC) emissions in the data base, byt fonlbiogenic sources. (Althah the IAS retains these
compounds in its data base, they are not linked to visibility impacts via the transfer coefficients.)

(5) The information is at the county level for mobile and area sources, and at the facility level for point so



(6) Using seasonal adjustment factors, the annual average inventory was temporally allocated to produce
estimates inventories for each of the four seasons.

Two separate inventories exist: a point source invgraind an area source inventorEach inventor consists of r
150,000 separate records, each idgimiif a source of emissions. The total amount of computer dislgstocazupied
inventory is about 100 megabytes (MB).

The basgear (1990) inventgris utilized in the IAS without modifications except for tlggegations described b
produce a more computationa#fficient file containiig only information necessgrfor the IAS CADM process, the e
inventory was aggregated into groups catletis and unnecessary information was removed. To obtain thedAsSrc
emission inventory, the following steps were performed.

Each count in the emission inventgiwas asgined to an IAS Source Ben. Appendix A indicates the 62 .
regions, the countassgnments to IAS rgions, and the linkges of the IAS rgions to specific pollutant trans
information. Because of thedhi densiy of transfer coefficients available in the areas around the recepitc
in those locations tend to be much smaller than regions farther from national parks.

A.

IAS source rgions were defined to be consistent with State boundaries and the modeled transfeE
the transfer points was mapped, then each county was linked to one of the transfer points. Each
proximity to each transfer point algnvith relevant topolgical and meteorolgical information was con
in this mapping process.

SO, transfer information was available for some of thgampoint sources within the emission invemic
couny that contains a npar point source with specific transfer information wasge=i to its own IAS
Region, and the S@missions within that countvere linked to that source's specific transfer matrix
Emissions of other pollutants were linked to the most appropriate area source transfer informatio
pollutants consideredylthe IAS that are emitted from IAS Sourcegi®as that do not contain a define
source are linked to the appropriate area source transfer matrix. This is necessitadddi that oyl S
transfer elements are available for the point sources, while the area sources contain transfer eler
pollutants in addition to SO

The Source Classification Code (SCC) and Area Sourceg@stéASC) identifier numbers for each inventda
were used tgroup records into IAS Source Groups. IAS Source Groups were defined agc¢orsimilar em
rates and available control actions, as determined appropyidtelh which was responsible for developith
control options data. For a lisgof the 90 IAS Source Groups, and the SCC and ASC numbers that col
IAS Source Group, see Appendix A.

The size of each facility was determined.

A.

C.

The 1990 point source emissions in the emissions inventere summed at the facylitevel. A simgle v
for each facility was determined by summing the total emissions of sulfur oxidgs K&I) ROG, EG.,
0OGC, ., and PM..

The size of each facijitwas determined accordjito the sum of its emissions (summil of the pollute
concern) and categorized into three groups:

i. less than 25,000 tons per year (tpy)
ii. 25,000 to 100,000 tpy
iii. more than 100,000 tpy

Size categories are not used for area sources.

The pollutants for each record in the 1990 emissions inwentere then ggregated ly IAS source rgion, IAS Sou
Group, and facilig size. The result of the sumrmgiprocess was the IAS base emissions data, structured agcior the
definitions. This information is in the IAS data base table called Cell Baseline Emissions, or CBEO.

2.

Control Options Data



Emission forecasts are based on a combination of the 199@dmsemissions in a cell, and a forecast of the c
efficiency of specific control options that will be in place iryagiven forecasyear, from 1990 thragh 2040 (at teryear
Since each control option is characterizgchbw much it can reduce emissions of each pollutant relative to uncon
within that sourcgroup, once the control options in eaaar are defined, it is possible to understand the trend in ¢
cell in the absence of any economic grow@omplications to this are that over time, existing sources will be retire
will be replaced ® new or modified sources, which usyatintail a hgher level of control due to galations such as N
Performance Standards (NSPS). Thus, the cell-level information also includes the expected retirements over 1
capacity in each cell, and identification of the control options that will be associated with new, replacement cap

Each retrofit control option is also characterizgdtb cost. Thus, in the same ywhat emissions can be forecas
control options have been specified, so too can the control costs for sources in each cell.

The control options input assumptions reside in a number of different data tables that were grebited$part ¢
development processThe followirg section describes the main features of the control options data, while the ae
are documented by ANL in the Task 4.6.5 Data Documentation Report.

Baseline Control Options Specification - A reference point for emissions and wditghtls is necessabefore co
scenarios can be considered. This reference pajehisrated Y the IAS usiig a set of baseline control options thatL
for each forecast year and each cell of the IAS. These specifications were developed from a review of existing
requirements, and committed plans of some exjstources. These are provided in the IAS data base tables calle
Baseline File LBFO (for existmsource control options over time) and NTSO (for new source control options). Th
efficiencies implied { these assumptions (for both the exg@md new source baseline assumptions) reside in the
efficiencies data table called Control Option Effectiveness COEQg alith control efficiencies of all other control of
IAS. ANL's report under Task 4.6.5 provides the basis for these assumptions (Argonne, 1995).

As existirg source capagitis retired, either temporayilor permanenyi, new sources are constructed to meet w
residual demand can no lger be met b existing source capagit To the extent that theregsowth in a cell's demand
met by new source capagigrowth in the same ggon (unless other sitqdecisions are specified, which is not the ca
baseline.) Thus, also affeagithe baseline forecast of emissions is the set of assumptions about howtrepatistig
will be retired (and possiplreplaced $ new capacit, if demand warrants it). The retirement assumptions are proy
Retirement table called CRT. A tempordorm of retirement is possible in the form of reductions in thgeusaie of e
capaciy, which in turn can be offseybncreased ugge of new forms of capagitif warranted iy demand levels. This
particularly relevant consideration in the case of older forms of electricyutdipaciy. ANL utility sector models wet
identify the time trend in the capagittilization of various ke power units, and the results were summarized as a c
input, which is also found in the data table called CRT as inter_ANL. This too is considered in the baseline em

Another component of the baseline assumptions is whether the @xiggiaciy was fully utilized in 1990, when tt
year emissions were estimated. In situations where underutilizationgunédgant in 1990, there nyabe room for sub
growth in that cell's demand before new capawiill be built. Again, this utilization consideration was determined t
for the utility sector, particulaylin cases where utilization of the exigfitype of capacit was likely to increase betwet
2010. The 1990 percent utilization assumptions (which are less than L fOraumility cells) can be found in the IAS
master source cell list, abbreviated as SCL.

There are also costs associated with the baseline control options, and these estimates are provided in thei
data table called COCO, alpwith the control costs of all other control options in the IAS. Cost inputs are provids
of the amount of capagithat must be controlled. Thus, the control option cost inputs also require an indicator a
capaciy (or other control cost driver variables) for each cell. This is provided in a variable called "num_src" thg
IAS master Source Cell List (SCL). Information on the amount of 1990 extsdaciy in a cell wagyenerated from #
emission inventory at the same time that the cell base emissions were developed, as descriBedssimes Inventor
above. Since existincapaciy may dwindle over time because of retirements or capauilization reductions, the coe
for a cell in each forecast year are also adjusted by the information in the cell retiremeri¢gabkource controls are
costed in the IAS. For the most part, significant controls on these sources are already required under
existing regulations.

The reason that the contrgitmns are not all in a unified data table fgse mangement. For exapte, emissions data for con
reguire information ly pollutant, while the associated cost data for contptibas does not piire that dimension in the data. Tht
types of data exist in separate datales, usig the minimum level of detail necesgan each case. Thean be cross-referencewt
control option identifiers.



EMS Specification - The control options identified for the baseline ammitienumlevel of control possible in grt
and the startig point for considerig retrofit options. Retrofits are the main pgliever available in EMSs, and the e
forecast associated with an EMSQ)enerated in the same was it is for the baseline, but with a different set of spec
options in each cell and eagbar. The first forecagear in which the IAS will allow a user to spgcédditional levels
2010, because new control grams could not be initiated/2000. Thus, in evgrlAS scenario, the controls are idee
of the baseline in 1990 and 2000, and then diverge thereafter.

The key to selecting additional levels of control is a list of what the possible choicgiwanethe baseline startin
point in the previous forecast year for each célhis is an important list, and is available in the IAS data base as t
table called the Control Option Exclusivitable, COXO0. It simpl lists for evey possible control option that gtit be in
each cell, what other control options are possible to select in the next fgemasANL provided this list and the ass
for each of the control options on the list, and/thee documented in the report for Task 4.6.5. The current list of |
that are considered has 3,589 different control options that can be retrofit onto the baseline levels bf Hoedmton
cover 613 of the IAS cells.

The retrofit control option selections can be magléhle user, as in the case of a command-and-control scené:
CADM logic of the IAS, which is degned to achieve specific emissions caps or visual air gy&lkQ) goals on an o
least-cost basis. That optimization is performgadnsiderig the costs and incremental improvements associated
additional level of control. The CADM ¢pc estimates the cost-effectiveness of the available control optydosking
the remainig control options in all the cells (from the COXO list) in the cost and effigidata tables (the same CO&
data sets), and compugitheir costs and emissions impacts. The details of the cost and emissions equations are
next mgor section of this chapter, and the details of the CADM computationg th&ige results is described in the la
this chapter.

3. Sector Demand Indices

The sector demand indices are multipliers which, when applied to a 1990 measure of economic outypuivaict
output levels for thgear to which that index applies. These indices are derived from the basic economic foreca
by the GCVTC for use in the visibilitscenario development. Thevere developedybDecision Focus Incorporated u
region version of the Riponal Economics Model, Inc.'s (REMI's) EDFS-53 economic model. When combined wi
emissions inventgrand assumptions about emission control actions over time, an emissions forgmastated Y the

The REMI model is ayhamic, demgraphic-economic model which takes as input demand assumptions age
cost structure of various industries due to the economic effects of various control actions. The REMI model pre
economic indicators for 15gmns within the IAS domain. The IAS Sourcedgrms were selected so that each IAS !
was fully contained within one REMI gion. This makes linkges of economigrowth prgections from REMI-based ¢
IAS Source Regions a straightforward task.

For each IAS Source Sector, the liggavith the REMI sectors required mguelgment. Each Source Sectaytew!
is based on a wghted averge of REMI model output pfections for its 53 economic sectors, and/or the populatior
personal income. The weights used were tailored to each IAS Source Group to reflect the mix of economic/de
conditions expected to be associated with ype bf emissiongeneratig activity representedybthe Source Group. T
weights are listed in Appendix A (Table A-2).

Because the IAS is not direglinked with the REMI model, a limited number of scenarios were run with the |
and the pre-processed sector driver indices based on the REMI results are stored in the IAS data base. Thesa
"keystone" scenarios. The defaultyk®ne scenario is the GCVTC's approved baseline economic forecast. @uitn
other kerstone scenario in the IAS data base is the "lower population” scenario that is based on a REMI run tha
ary of the trends in labor demand that cannot be explaipeshbof REMI's mary economic or dengsaphic considera
has generally lower forecasts of population growth than the approved baseline economic forecast.

The IAS's sector demand indices are found in the IAS table called SDIO. The IAS data base has unused fi
other alternative economic forecasts. Othgskene scenarios maary accordilg to assumptions about final deman

’Note, however, that the COXO0 table has about 20,000 entries, becaysefitren3589 ptions that argossible from the basel
assumtion could in turn be retrofitypanother of themions. This would allow for increasity stringent caps to be pplied in succe
forecast years.



prices. Users nyacreate and use alternative REMI-based indices. If the user creates a new REMI run and wisk
results into the IAS, the pre-processsteps and pgrams documented in Appendix G of the IAS Users Guide shot

4. Transfer Matrices

Given the prgection of emissions for each sourcgioa in the Southwestern United States that the g&Serates v
inputs described above, the IAS computes the regudtincentrations of aerosols at each of the sixteen National P
Golden Circle. The Model;mCommittee for the GCVTC has evaluated several atmospheric models that represe
and meteorolgical processesybwhich emissions are transported and chenyicahverted. A reduced form of those
efforts, called a transfer matrix, is used within the IAS.g&serally defined, a transfer matrix is a matrix that repres
concentration of a pollutant that would occur at a receptor location for a unit of emissions per time period at @
transfer matrix contains a gjle number for each combination or pollutant associated aerosol, tramsber, receptor, :
period.

The IAS can theoreticallaccept transfer matrices that are provided foryegembination of countand IAS Recet
Location (i.e., national parks), for each 12-hour period of/#ae, and for each pollutant/aerosol combination. Thig
potentialy be an enormous amount of data evenghdbte transport matrix concept is itself a simplification of the c
modelirg on which the matrix elements are based. For example, a transport matrix with the full cgrdplectibed a
have approximatgl30 million values and occypwvell over one hundred MB of disk stgea Makirg this problem evel
complex, however, is the reglithat each of the atmospheric modglefforts uses a differenggregation of sources ar
time periods (@., daily versus seasonal). For this reason, the IAS uggsgated source geons as its basic unit of ar
the "cell") and then associates them with a specific element of the transfer matrix to create a more limited set ¢
pairs. Thisgeneral capabilit allows the user to apptransfer matrices produceg different atmospheric transport
with different averaging times.

The IAS was developed with a fixedgrenal aggregation of sources and lingas to the transfer coefficient data 1
currently approved P the Modelig Subcommittee. The ge®nal aggregation of the IAS and the associated transfer
linkages are documented in Appendix A. Details of the development and calibration of the IAS transfer matrix |
"Reconciliation of Version 3 Transfer Coefficients for Use in theghatied AssessmenyStem” (P. Ran, and S. Keno
Dodge Corp., Agust 19, 1995). The IAS was delivered with "Version 3.1" transfer coefficients, but the GCWT €
use different versions at a later date. The transfer matrix data that work with thest&® are in the data files thatgr
letters "WTM."

5. Extinction Efficiencies

The concentration of each aerosol at each of the sixteen National Parks in the Golden Circle deterngimesx
The Aerosols and Visibijt Subcommittee has provided extinction efficiencies for tranglatmcentrations of each &
into light extinction measures.

Generaly, aerosol concentrationg lsompositional species are converted gbtliextinction measures/bnultiplying
concentrationsyan extinction efficieng and, for lygroscopic components, alsg b watergrowth factor that is a funa
relative humidiy (RH). Light extinction due to given aerosol is equal to the concentration of that aerosol multipfi
extinction efficieng of that aerosol multipliedybthe wateigrowth factor for that aerosol and humiydievel. The sumf
extinction from each of the aerosols is the total predicted extinction at the receptor.

As recommendedybthe Aerosol and Visibilit Subcommittee, the IAS has the capapiid use the followig levelc
to generate light extinction estimates:

(1) 12 hour model-predicted concentrations of each aerosol that change with each emissions scenario.
(2) Dry extinction efficiencies for each aerosol (time and location invariant).

(3) Water growth factors as a function of RH for each hygroscopic aerosol and 12-hour period.

(4) 12-hour averaged values for RH at each of the receptors.

The Version 3.1 transfer coefficients that have been approvéeiModelirg Subcommittee, and which are bgo

with the IAS (November 1995), have beggmerated usma simple time-constant RH value, rather than the 12-hou
is due to the lack of available RH dadata. The default RH assumption is 50 percent. The IAS data files also al

5



alter this assumption to either 25 percent or 75 percerg ti#nAS run options. This will allow sensitiyianaysis to |
assumption without the user having to completely re-generate the detailed transfer matrix data files.

The specific extinction efficiency values used in the Version 3.1 IAS working transfer matrix are document
"Reconciliation of Version 3 Transfer Coefficients for Use in theghatied AssessmenyStem” (P. Ran, and S. Keno
Dodge Corp., August 19, 1995, p.7) as:

B, = 10 + 3 NHSO f + 4 OC (0.5 + 0.5,) * 10 EC + 2 Soil + 0.6 CM

where:
NHSO = ammonium sulfate (ugAn
NHNO = ammonium nitrate %l;]gﬁ)"n
oC = organic carbon (ug
EC = light absorbing carbon (ugfn
Soil = soil (ug/m)
CM = coarse mass (ugfn
. = 0.7/(1.0 - 0.01 RH), {note tha,f 1.0 when RH < 30%}
RH = % relative humidity

Because RH does not yawith time or receptor in the Version 3.1 IAS worgimansfer matrix, extinction efficier
constant. The extinction efficiencies that result for each aerosol and each of tlgetlerde RH levels are provided i
data base table called EXTO. However, the actual IAS computations of extinction efficiepog-precessewith the &
transfer coefficient information when creatithe 1AS's workig transfer matrix data files (the workjtransfer matrix
files). This permits the IAS computations that are performed with each scenariggousttaght from emissions to be
in a sirgle step. As a result, the actual extinction efficleassumptions used in IAS computations are not reatgen
their raw form in ay of the data files used dugnAS computations. This also means that IAS extinction effigiesst
charges require rgeneratig the full WTM data files. However, the user can perform sengitangysis to the dgree tl
three sets of RH levels provided as IAS run options.

The IAS run options also could allow for visibfliimpacts to be computed at the "12-hgutével and/or for the fu
distribution of the 365 daime or 730 dg-plus-nght extinction values to be computed from the 365 transfer coeffic
cases can then be run ugspecific 12-hour values to understand the details behind specific poirgdtaddiull distribu
However, the Modeling Subcommittee decided to distribute only annual and seasagktransfer coefficients, so |
option is not possible with the distributed version of the IAS. The run options fungtiwitinthe curreng} distributed .
transfer coefficient data are annual and seasonal averages and annual averages for the 20 percent worst and |

B. KEY CALCULATIONS AND RESULTS

Given the number of sources in each cell and information about unit costs and emission control efficiencie
selected control actions, emissions and costs corresgotodeach of the cells can be calculated. Expected vigibdit
calculated from projected emissions. The preceding section provided an overview of the key data inputs to ea
computations of the IAS, and information about the data sources. This section details the actual IAS equationg
when an IAS case is "run."

1. Emissions Equations

In the IAS, the relationship between emissions, selected control actions, and sectoral demand is maplaiedr
equation summarized in this section. For each IAS sourcgotgtexistirg and new capacities are representeddpai
capture control option and emissions rate differences for existid new sources. Each exigtoell will have one ass
"new" cell, the capagitof which will be estimated tgrow in sufficient quantit to suppy all of the associated sectore
cannot be metybthe capacit of sources that were in place in 1990 and which havgatdieen retired as of the time |
guestion. Sectoral demand is mgtdxistirg (i.e., in place as of 1990) capacities first, then if the egstources (aftes
for cumulative retirements) cannot meet all of the sectoral demand, new sourceyégaitied. Unless otherwise sj
user, new demand for a cell is met by new capacity in the same IAS Source Region as the existing capacity.

The following emission equation is used to estimate emissions from that part of demand that can be met fr:
were existiig at the start of the simulation period (i.e., 1990). For each cell, ¢, and each pollutant, p, within that
estimated for each year, t, are:



Existing Source Emissigp, =

1990 Emissiog/(fraction emissions remaining given 1990 existing contgpts
(fraction emission remaining with assumed control op{jgrt

intensity indey, *

MIN {growth index ., or

(1,/1990 utilization fractiof*(1-cumulative fraction retired)*(capacity factor,)

where:
1990 Emissiotis the 1990 emission for that cell and that pollutant in the 1990 emission irweftas value is st
the CBEO table of the IAS.

fraction emission remaining given existing contialdicates the degree to which emissions in 1990 have
already been reducedybexisting controls in place, compared with the case where the same ghtllmive had noc
the baseyear. If no controls are in place ig@en cell as of 1990, then the value of this parameter will be 1. ¢
in place in 1990 remove 40 percent of the emissions of a particular pollutant, then the value for that cell an
be 0.6. These fractions are taken from the COEO data for the control option assumed to be in place in 19¢
the LBFO table.

fraction emission remaining with assumed control opigaiie control efficiency (relative to no controls at all,
notrelative to 1990 control levels) that is associated with the specific control option assumed to be in place
year, t. The control options assumptions are stored in the Selected Control Actions (SCA) results table thg
CADM computations (Step | of the IAS scenario computations). The fraction emissions rgf@imach controd
found in the COEO file.

intensity indexs a variable represengrary charge in emission or sectoral demand not predictethb economicer
or technolgical chame. For example, the index snancorporate shifts in engy use behavior that are not motiw
economic conditions, but rather the result of a volynpaogram. These values appear in the SDIO data file, be
user adjusts them, they are always 1.0.

growth indexs the REMI-based sectoral activievel in ary year relative to that actiyitmeasured in 1990. Thu:
1990, this will be 1.0, and will bgreater than 1.0 igears where economic actiyitevels are forecasted to bejhel
the initialyear; and less than 1.0years where economic actiyitevels are forecasted to be lower than in the i
These assumptions are in the SDIO data.

1990 utilization fractionis an input reflecting capacity utilization conditions for technologies in that cell in the
baseyear. (New capagitwill not be built until demand and/or retiremegtsw enogh to consume anunderutiliz
existing capaciy.) These values will be equal to 1.0, except for source sectors for which 1990 is deemeyeda
substantial underutilization. These values are found in the SCL data.

cumulative fraction retireds the fraction of the existgncapaciy in place in 1990 that continues to emit air pollu
at the base year (1990) emission rate. These inputs are found in the CRT data.

capacity factor isa constraint to be applied to note whether cerigieg of capagjtin-place in a cell are fullutiliz
The net effect of reducgithe capacit factor is to shift utilization from existgnto new sources within the cell wh
occurs. These inputs are found in the CRT data.

Once the existig capaciy is fully utilized, new sources are needed to meet expected yabtivils. A new capagi
added when the growth index for the corresponding existing source cell is greater than:

(1/1990 utilization fraction*(1-cumulative fraction retired).

Using the subscript ¢ to denote the same cell definition as in the associatedyesastice case, the emissions frt
associated new capacity cell will be:

New Source EmissiqQp, =

1990 Emissiog/(fraction emissions remaining given 1990 existing contgpts
MIN (fraction emissions remaining with assumed new source control gption



(fraction emissions remaining with assumed existing source control gptidon
intensity index, * {growth index, _
[(1/1990 utilization fractiog) *(1-cumulative fraction retired)*

(capacity factqry), }

Note that the MIN operator in the new source emissions equation ensures that the new sourcegwileaniza
controlled as its existqcapaciy counterpart. In the baseline, new sources areyalagleast as gily controlled as ex
sources. However, as more and more @& control options are selected, new source requiremegtbename lessi
than what is bemassumed for the exisgrsource. When this happens, the IAS also applies that level of control &
assumption when estimating emissions, effectively ensuring that new sources are always ciirstirolléds operation
performed on a pollutantytpollutant basis, so that if the new source is still more controlled with respect to a diffd
that higher level of control is nandone Overrides of the new source control assumptions are not reflected in a ¢
estimate.

The total emissions fromgiven IAS source cagwry will be the sum of new and exisgiisource emissions for ths
category, based on the two equations above.

2. Control Costs

The IAS displgs three separate peated cost results for each cell in egelr. Thg are the levelized capital cot
operatimg cost and the total levelized cost associated with the control(s) in plagezengear. Note that all of theses
are viewable through the Projected Cost screen in the IAS, represent the lewsfigattosts that are associated witl
discrete forecast year. This section explains how measures of cost are calculated for each source cell within tl

(1) The capital cost for a cell measures the cost of installing any control which is installed afterCl8ital cos
levelized over thgears in which the control will be effective (and accountor the levelization factor assi
This levelized cost is the value reportadtbe IAS as the capital cost incurregldcell. The factor used to &
capital costs may be changed by the Gser.

(2) The operatig cost measures the additionabomg expenses incurred because of the control action. Thig
costs of maintainigand servicig a control technolgy, in addition to ay charge in operatig efficiency which
arise because of the control action. Opegatimsts mg be ngative if there are substantial efficiencies or f
savings.

(3) The combined cost within the IAS is the sum of the levelized capital cost and the gpmsttinit is an annu
for the modeled year in question, not a total over the entire decade represented by the modeled year.

Levelized Capital Costs. To update the capital cost for the modeled year in which a control is put in place, |
adds the "incremental" levelized capital cost of the control actionyttegsalized capital costs which are alrgawl place
(The "incremental" capital cost that is applied to the costs repoytéeeBAS is calculatedybsubtractig the capital co:
control action(s) in place in the preceglimodeledyear from the capital costs of the new (combined) control actiog
a retrofit in the current modelsgear). The incremental capital cost of a retrofit action is tharstedl ly the number o
the cell and the percentage of sources that have retired:

Adjusted Capital Cost =
Capital Cost * Number of sources in the cell *(1 - % retired at date of installation)

*Baseyear $ = 1990. (Note that the fact that REMI forecasts are in $1987gsobtematic to the IAS because all REMI resu
calculations have first been converted to an index of economic activity relative to 1990, and hence are unitless.)

“The levelizatiorfactor used t@ssesgapital costs on an annual basis over the useful lifegifen control @tion can be setybth
the Financial Assuptions Button in the Control Scenario Screen in the IAS user interfacdefBult, this discount rate is curres
percent, which is intended to reflect @étcent real discount raptus account for added variablepdal costs (., interest, insurar
that would increase direct capitatpendituredy almost 100 percent.
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Using this agusted value, the cost is then levelized across the rergaiséful life of the production source that
retrofit®, using the levelization factor specified for the case.

Levelized Capital Cost = Adjusted Capital Cost * (L /1+L) /(1 -1/ (1+L)")

where:
L = levelization factor assumed
n = remaining useful life of the facility being controlled

The resultig levelized capital cost is applied to each foregaat from the firsyear the retrofit option is put in pl
the end of the useful life assumed in the levelization formula. If there areyaleeatized capital costs in that cell fos

(eg., due to a control action taken in a previous period, but stilglmemortized in this forecast period), these incren
addedto them.

Annual Operating Costs. The annual operating cost associated with the control action selected for a cell fc
forecastyear is direct calculated from the unit cost input table for the control action in question, since there is n
for a legacy of costs of precedgwyears' decisions, as is the case with the capital costs. Also, opewin are expres
cost terms. However, the annual cost iusited based on the number of sources in the cell, the pge@fhtsources t
retired, and the capacity factor specific to that cell:

Levelized Operating Cost = Operating Cost * Number of sources in the cell *
(1 - % retired in that year) * capacity factor

The resulting operating cost is applied to each forecast year that a control option remains in place.

Numerical Example. The cost reportedytthe IAS considers the cost of maintamary control which is in place
givenyear, as well as the cost of instatjiany control technolgy not in place as of 1990. For example, if the IAS b
control option Awhich is then retrofit in an EMS with additional control option to achies@né&ol A and Boption in
2010, the costs are calculated as follows:

The baseline specifies control A in each year for a particular cell:

Year Baseline Control
1990 control A
2000 control A
2010 control A
2020 control A
2030 control A
2040 control A

And the IAS retrofits control A with control B in the year 2010:

Year EMS Control
1990 control A

2000 control A

2010 control A and B
2020 control A and B
2030 control A and B
2040 control A and B

The cost data for that cell (in the COCO file)ghtiindicate, for example, that control A has a one-time capital
per capacit unit and an annual operaginost of $100 per capagitinit, while control (A and B) has a one-time capit
$1,500 per capagitunit and an annual operagicost of $130 per capagitnit. If there are 10 units of unretired capy

megawatts [MW]) in the cell in question, then the capital costs foryappthe controls in this cell would be $100,00(
$150,000.

*The average remaining useful lféthe facility is found in the master source cell list (SCL) data that was provided by ANI
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The ony costs asghed to the baseline scenario are the annual opgiaist of $10,000. No capital cost is gasi
baseline in this example, because control A has been in place as of 1990. (Cells that have controls installed a
capital costs of those controls, so there are some capital costs associated with the baseline, which need to be
costs after the runs are completed.) Thus, the baseline costs for this cell would be:

Year Baseline Control Capital Cost Operating Cost
1990 control A $0 $10,000
2000 control A 0 10,000
2010 control A 0 10,000
2020 control A 0 10,000
2030 control A 0 10,000
2040 control A 0 10,000

For the EMS costs, the annual opemgtinst shifts from $10,000 in the baseline to $13,000 stairtia010. (Cost:
decline over time with retirements of the cell's capacity.)

However, the computation of the capital costs for the control scenario is more complex. When the IAS shi
and B), it keeps track of what control level igbes with (i.e., from Control A), and nets that part of the control cost
capital cost for the combined option. Tiheremental capital cosh the year where a control action is changed (i.e.
which isactually incurred in 2010ijs thedifferencebetween the capital cost for Control A and B ($150,000) and th
capital cost for Control A ($100,000), or $50,000. The assumption is that the $100,000 capital cost for the Cott
Control (A and B) option was already paid for when the control was first installed prior to 1990.

This incremental capital cost of $50,000 is then levelized acaptdithe formula above, perhaps resgtin an an
of $8,000. The remaingnuseful life of the existig facilities beirg retrofit mgy be 20years, in which case, the IAS wil
$8,000 in 2010 andgain in 2020. (Note that the total capital cost is not girtipe sum of the costs shown in the twa
years, but also includes anotheryBars in between the forecgstars, where the $8,000 cost would also be incurree
presented for a forecagtar in the IAS are an annual cgsst presentig costs at a sgle point in time.) Thus, the EV
this cell would be:

Year EMS Control Capital Cost Operating Cost
1990 control A $0 $10,000

2000 control A 0 10,000

2010 control A and B 8,000 13,000
2020 control A and B 8,000 13,000
2030 control A and B 0 13,000
2040 control A and B 0 13,000

C. SCENARIO ANALYSIS AND THE CADM

The IAS is degined around the concept of examupiive types of EMSs, and the control actions that would ret
each. Two of the scenarios represent bounseenarios. The Baseline Forecast Scenario (BFS) represents the «
would be undertaken under currergukations for each of the cells in each of ylears consideredylthe IAS, and the I
Management Alternative (MMA) scenario represents thghhst emission reductions achievable in each galétvofit a
options available in the IAS data set. For other EMSs, which are intermediate between the BFS and MMA, the
Baseline control actions in place, then adds additional controls taeatbllablecell as specifiedythe Control Scern
regions except for Canada, Mexico, Washington, Montana, and Texas contain controllable cells.

Between the two boundyscenarios lie three possibiges of EMSs: a Technay Specification Scenario, an E
Cap Scenario, and a VisibiliStandard Scenario. The IAS is @psd to permit the user to select control actionsgui
different strategies, or a combination of the strategies.

(1) The user may specify control levels beyond the assumed minimum control level of the baseline for an
controllable cells in anof the post-2000 forecagears. If a cap is not also specified, then the IAS will tra
full control scenario specification, and will produce an emissions, vigilititl cost pr@ction consistent witl
specified by the user.
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(2) The IAS can select those control actions to meet an emission cap at the lowest cost. A Regional Cap
includes theMarket Regiorthat must meet the cap, the pollutant measure to be capped, the allowable I
emission of that pollutant measure, andytbar in which the cap is to be achieved. dshre least-cost goritt
the CADM, the IAS simulates the idealized outcome of a market-peystéra under a geonal cap. Althogt
terminolayy implies that emissions permit tradimould be involved, this is not the gnivay that the resultsc
interpreted. Thecould also be thait of as an indication of what the least-cost method would be for gio
controls to achieve emissions levels consistent with those of a cap.

(3) The lAS's CADM can idengfand select those control actions that would meet a VAQ standagivehaecg
the lowest cost. Standards for a visigiljpal are expressed in units of annual ageraht extinction. Itis p
for the user to idengfspecific IAS Source Rpons that would be required to take control actions as wellc
would be exempted from action.

By appliing combinations of the Techn@y Specification, Rgional Cap, and VAQ Goal, one can create yndiff e
control scenarios that are intermediate between the Baseline and the Maximuge@mascenarios ugjrthe IAS. E:
scenario can be saved as a new matrix of control actions independent of the EMS from which the control acgel
That new scenario can then be used as a starting point for further modifications.

The IAS computations used in each of the thypes of scenario specification are documented in more detail |
this section. However, it is worth nogihere that the IAS has a geof other parameters that can be used to set ug
forms of scenarios. For example, clean air corridors, exemptions of particular grounge from cap requirements, e
options.

1. Specifying Minimum Control Actions

Since the output of the CADM is a list of specific control actions, a list of minimum control actions entered 1
CADM (eg., in command-and-control format) will result in the same listdpesturned as output, unless other run o
caps are simultaneously specified.

When definirg control technolgies in place, their efficiencies, and their costs must be cell-specific, rgehatrwi
source sector, these assumptions can be different for differentfa@bis or rgions. This accommodates the need |
region-specific baseline assumptions, and allows for different treatmentgi@fisen EMSs. This, in turn, implies tha
options need to be considered on a cgltdll basis. To ensure data igriey in the specification of a command-and-c
strategy, the IAS user interface allows the user to select only from those retrofit options that are giaglaklbat is
in place

2. Regional Caps

The result of a gonal cap simulation is a list of control actions that meet the cap with least cost. The first ¢
such a cap is to determine the set of IAS SourggoRs that would be included in the cap calculations. This is terr
Region," since the cap tc produces the least-cost method of achig@rrcap, which simulates gstem of tradable ps
generate the list of selected control actions, the emissions in the Madkeh Rewhich the cap will be applied are cc
the starting point of the minimum specified control actions that will be assumed to be in place. (If there is no di
specification, the startgnpoint for controls is the set of baseline control actions.) I§@mé&s emission level exceeds
most cost-effective control option available within the Markeagi®eis added. ("Effectiveness” is measured with re
pollutant measure baycapped.) This process of calculgtexpected emissions, then compagtiinto the cap, continu
cap is met {or the most stgent control actions are in place in all the cells of that MarkgidRe Control actions thak
selected are only those retrofits that will redan@ssions furthethan those associated with the minimum control ac
specified. (The COXO table assures this restriction.)

There is no chage in the rate of retirements and introduction of new sources, norgre@assit of new sources to
source rgions assumed in achiegm rajional cap. However, it is possible for the user to exclude specific source
cap logic, and to limit the locations for new source capacity.

If there are multiple caps to be processegd (several independent MarketdRens with their own caps, or caps :
multiple years for the same Market §ten), these caps are processed indiviguaid sequentigil The first caps sime
those in 2010, then those in 2020. It does not matter what order the different Ma@jikesRee processed in within &
year, since their control decisions are independent. However, the IAS processes the MgokstiRagiven forecasy:
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order in which the are specified on the PC scregnthe user. The specific steps of thegigaal Cap processgnby the(
each cap are listed below:

For each time period (workjrfrom 2010 to 2040), and for each traglegion that has an emission cap definedh

(1)
(2)

()

(4)

()

(6)

(7)

(8)

3.

Generate a list of IAS source regions that are associated with the defined regional cap Market Regior

Calculate the total emissions of the relevant pollutant measure in the Magiat Bt would bgenerated i
year ly all source cagories in the relevant sourcegrens,given the "current" control actions. (The curren
actions are the minimum control actions specified forykat, or superseded the control action chosen fd
preceding time period, if processing for a year later than 2010.)

If the total emissions in step 2 @reater than the specified emission cap for the MarkgioRegenerate a lis
retrofit control actions available for all the cells in the Markegi®® given their list of the current control le
by reference to the COXO0 data).

Compute a ratio for each control action identified in step @ildding the emission reduction due to the col
by the incremental cost of the control action. Sort the list of control actions by emission-over-cost rati

As lorg as the rgional cap is less than the peoted emissions for the MarketdRen and the list of available
actions is not empty, perform the following steps:

(i) Add the next control technology from the list.
(i) Update the expected emissions for the region.
(i) Determine if the cap has been met.

When the rgional cap is met, the control actions selected for this time period are defitieel list of controk
generated in step 5 to reach the cap. If the list of available control actions has been exhausted)jiomzile
cap is still less than the pexted emissions, the list contains the maximum available control actions for
cells.

Perform steps 1 to 6 for the rest of the Market Regions defined in this forecast year.

Move to the next forecagear and start with the first Market gten listed for thayear. Use as the minimuc
actions, the results for that Market Region from the previous year's cap simulation.

VAQ Goals

The CADM for attainiig VAQ goals follows a similar set of steps to those described gomal caps except that\
can ony be set for a sgle receptor in each IAS case. (This is because the actions taken for one receptor are ir
the actions that rght be taken at a different receptor. Thus, VAQ caps for multiple receptors are not possible in
multiple Market Regions are.)

To calculate a list of control actions needed to meet a Yda) in a specific receptor location, the CADM first c
difference between visibijitand the visibiliy goal for the receptor. If estimated visibyliloes not meet thgoal, the m
effective control action available will be added. The expectd dixtinction is then recalculated, and further contrg
in least-cost order, as necegsarhis continues until the VAQoal has been met, or the most geint controls have b

For a receptor with a VAQ goal, the CADM does the following:

(1)
(2)

()
(4)

Calculate the expected light extinction at the receptor, given the control actions in place.

Generate a list of available control actions sorted acaptdithe ratio of lght extinction improvement at the
to the change in cost.

Add the next control technology in the order to the list of selected control actions.

Calculate the projected visibility for the receptor with the new control action in place.
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(5) Return to step 1, unless the visibility goal has been met, or all control actions have been applied.
4. General Summary of CADM

Thus, the IAS CADM will preferentiall assgn the cheapest techngles (in the sense of most cost-effective) to
or goal. Thegeneral approach is that the CADM rank-orders all of the options feasible as retrofits to thg stadfrc
options (eg., from the baseline controls, or alternative techgykpecification) accordmto each option's ratio of inar
levelized cost of a control option to incremental improvement towards the gaplorit alwgs selects the most coste
options cost first, until the gbctive is met. If an alternative control option for a cell is reached where a more cos
has alreag been selected via this process, it determines whether the less cost-effective option would edticallem
light extinction) further than the option alrgagklected. If it would, then the less cost-effective option is selected,
cost-effective option is deleted.

As long as the specified gional cap or VAQ ofective is not met and options exist which provideater total emg
reductions, the CADM will continue choogiever more cosglcontrols until there are no remaigioontrol options. Tt
MMA can be simulated simplby settirg a VAQ goal at ai of the receptors that is impossible to achieve. Thedoaua
Rayleigh extinction level of 10 Mrhwould be an infeasiblgoal, and is used to produce the GCVTC's MMA. Maxi
alternatives with respect to individual pollutants, e.g., with respect toc80dld be createdylsettirg a Reional Cap of
that pollutant.

There are a number of limitations in the use of the CADM. First, the caps are not simyhateicdll. In other v
there is no foreght in how a cap is attained. Thisght be a limitation if there are dramatigadlifferent pes of capst
applied to agiven Market Rgion in different forecasgears (ag., very stringent caps on different pollutants in differe
there were gificant chamges in the available control options over time. This is prgbadl a sgnificant limitation,giv
control options in the present data set.

Another limitation is that one cannot apglaps to more than one pollutant in the sgeee. That is, one cannot s
percent reduction in SCanda 25 percent reduction in PM simultaneously in the same Market Region. How&svet
set a cap on multiple pollutants if inter-pollutant trading is allowed. For example, one could specifydbattimedor
SQ, and PM must be reduceg B5 percent, and indicate the ratypwhich each pollutant could be offsefaanst the ot
the CADM would determine the least-costyta achieve the overall wghted averge reduction, but not constraigjr
individual pollutant to any specific caps.

The final limitation to note is that VA@Qoals cannot be specified with respect to multiple receptors. This is fc
reason (interdependence of control actions) that one cannotyspegesf on more than one pollutant in a Markegi®e
onecanrun a VAQgoal for the receptor that appears to be farthest frogodk and after the simulation determine w
control actions selected are also sufficient to achieve the goals at other receptors.

The user should also be aware that the CADM smanetimes "overshoot" the specifiedyetr This is because it
of the capacit in each cell, if that control action appears to be the next most cost-effective option. In some case
cost-effective action nyainvolve a vey large incremental reduction in emissions. If this is case, and the CADMyis
alreaq achievirg the cap, the last control action ymaore than achieve it, ang la sgnificant amount. In practice, ov
of targets and caps is common, and is uguattributable to takig control actions on road dust (particwannpaved ro
actions). This is not an error in the CADM calculations, buy anlartifact of the discrete nature of the IAS cell-basg

D. SAMPLE CALCULATION

This section contains a sample calculation that shows how the existing and new sQueesSIOns are computd
IAS Baseline for a single source category in one IAS region. The sample calculation is for a coal-fired utibitiyest
(meaning other than S@ontrol) in Western Washington.

Table I-1 provides the equation and sample data values for the @sistirce emissions equation. This table ga
with the existiig source equation across the top row. The second row in Table I-1 lists the IAS data base name
reside for each term in the equation. Variable names are listed in the third rowy, Eieatiottom row contains the a
for the example source cell, which is IASdr® 1, scc_id = utcoaloc, and size_id = 3. This source cell represeets
tpy) coal-fired utility units with controls other than S€ntrols in Western Washington.

The first term in the Table I-1 existing source emissions equation is 1990 emissions (cell, pollutant),, ther |3
used in this sample calculation, the 1990 emissions are 69,461 tpy.
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For the six different angsisyears, the fraction of emissions remaggiven existirg controls is determinedytdook
both the LBFO (Loeb Baseline File) and COEOQ (Control Option Efficiencies) files. The Loeb Baseline File show
technique tech_id is 0 in 1990 (meaning no,MOSQO, control), and 151 in 2000, and thereafter. Tech_id 151 prov
percent NQ control, but no S@control. So, for the sample calculation, bothftaetion emission remaining given
existing contral and thdraction emission remaining with assumed contiation are 1.00.

The intensi index value is found in the sector demand indicators file, or SDI0. These values gelathia the
IAS files. (This index is degned to be used to include the effects of pollution prevention, oggeéicienc/ improver
future air pollution emissions.)

Thegrowth index is also found in the SDIO file. While the SDIO file provides alterngtoxeth indexes, the one
used in the IAS, and listed here is hhl_sd_indx.

The value to be compared with ty@wth index for each forecagear is the product of 1/1990 utilization fractio
the cumulative fraction retired, and the capafactor agustment. The 1990 utilization fraction is found in the SCLe
variable name pct_utilized. For this cell, the 1990 utilization fraction is 1.0. (fger oal-fired utiliy units, the 1990
values range from 0.56 t0 1.0.)

The 1 minus cumulative fraction retired term is glavd until 2040, when goes to zero, as all exisgrcapaciy in t
retired. The pct_retired values are found in the Cell Retirement Table (CRT). Theyctmoitagustment values ar
in the CRT file. This variable reflects the potential lower utilization of exjstinits as thg age. Values for inten_ANI
cell range from 0.99 to 1.00 through 2030, then go to zero as existing capacity is retired.

The New Source emissions sample calculation shown in Table I-2 is similar to that fogesastices, but somev
simpler. This table just shows the 2000 to 2040 data values for the source cell of interest. The new source col
(technology) for utilities has a 98 percent,3€duction from uncontrolled levels. With this 98 percent control, the
emissions remaingwith the assumed new source control option is 0.02. For this example, 0.02yis lakwer than th
of emissions remaining with the assumed existing source control option (1.0) times the intensity index (1.0).
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The final term of the new source emissions equation (the part in brackets) reducegdwithéndex minus 1.0 fo
through 2030. Then, in 2040, theht-hand side of the term in brackets is zero, so the egnoveth index (1.788273) i
estimating new source emissions.

The results of the S@missions sample calculation are shown in Table I-3. For this IAS region, existing soj
emissions remain fairly constant from 1990 to 2030. The slight drop in existing soyree8€lons in 2010 and 202
attributed to the change in the intensity index in those two years. Existing soyremiS€8longjo to zero in 2040 as |
of the existing capacity in this cell retires in 2040. New sourcge8(ssions are in proportion to tgewth index mint
years 2000 through 2030. The 2040 new sourcge8ssions are a product gfowth index times the existysource &
emissions with 98 percent control applied. The combination of exmstiarce retirements and thgthievel of new sot
control produce a dramatic drop in S€nissions between 2030 and 2040.

18
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Table I-3
Emission Projection Example
scc_id = utcoaloc

size id=3
Existing New Total

IAS Region 1 Source SO, Source SO, SO, (tpy)

Year

1990 69,461 0 69,461

2000 69,461 165 69,626

2010 68,766 378 69,144

2020 68,766 627 69,393

2030 69,461 881 70,342

2040 0 2,484 2,484

19



20

20



21

CHAPTER I
ELECTRIC UTILITIES

IAS modelirg methods have been examined that havebatest effect on the utiitemission forecasts. Kautility
modelirg assumptions that are of interest to the WestegioRal Air Partnership (WRAP) are: (1) unit lifetimes; (2y
emission rates (Best Available Control Techigglaor BACT); (3) capacit utilization trends; and (4) electrigidemanc
rates. Evaluation of these modeglimssumptions was madg teviewirg the IAS Users Guide and the compact disk-
memory (CD-ROM) with IAS files.

A. UNIT LIFETIMES

Table II-1 lists the general electric unit lifetime assumptions that are used in the IAS. This information is ci
determinirg utility emissions for log-term futureyear forecasts (for 2030 and 2040) becays2d40, evey utility unit t
operatiig in 1980 is assumed, via the advent of new source review, to have its present emission limitation retirg
a new source emission limit). New source ytiimission rates are much lower than those for egisiiits, so replaca
existing capacity, especially large coal units, dramatically lowers emission forecasts.

Table I1I-1
Electric Utility Unit Lifetimes
Used in Retiring Baseload Generation Capacity

Unit Size
Fuel and Unit Type <100 MW >100 MW
Coal 45 years 60 years
Nuclear N/A 40
Natural Gas Combined Cycle 60 60
Oil/Gas Combustion Turbines 30 30
Oil/Gas Steam 30 30
Geothermal, Fuel Cell, Solar/Thermal Biomass, 40 40
and Other
Solar/Photovoltaic 30 30

SOURCE: Tables 3.2.5 and 3.2.8 of the IAS Users Guide.

Verification of how Table I1I-1 unit lifetime assumptions are included in the IAS model data bases is perfpre
the Cell Retirement Table (CRT). This is not a ghtiorward verification to perform because of the number of yitié
this file. There are separate records for utilities for each of the 62 IAS sogiaesr@vhere utilities are located) and
applicable scc_id and sz_id. Foryasource rgion that has utilities, there angpically three or four scc_id and sz_idn
present in the CRT. Selected variables from the CRT are included in Table II-2 to illustrate how this informaja
to demonstrate the emissions effect.

The first set of records shown in Table II-2 is for ytitbal combustors in western Wadjion State (IAS Rgion =
size ID of 3 indicates that this is a source cell with more than 100,9@0 piteria pollutant emissions. The perceet
column (pct_retired) indicates that for thigign, scc_id, and sz_id, most of the emissions are at the current raight
then are all at the new source emission rgt2d#0. If these are units gar than 100 MW, this implies that theegan ¢
pre-1980, because their unit lifetime is estimated to be 60 years.

21



The other important variable in the CRT that affects futureyugiiissions is inter_ANL. This is a value betwe
1, inclusive, that is used tojadt the prpected output from an exisgreell to account for capagifactor effects in the i
namey reductions in the uge rate of existig capaciy, which in turn, can be offseybincreased ugg of new forms of
warranted i demand levels. (This applies maimh the case of older forms of electric ujiltapaciy.) ANL utility sed
were used to idengifthe time trend in the capagittilization of various ke power units. Results were summarized
factor input.

B. NEW SOURCE EMISSION RATES

For all IAS raggions, a sigle composite new techn@yg was defined usmthe new faciliy attributes shown in Tab
(Teague, 1998). The composite was based on the relative shares of newycagdet to each geon by the Agonne U
Simulation (ARGUS). The state of new capacised as input to ARGUS consisted of gnéged coabasification comk
(IGCC), natural gas combined cycle (NGCC), and coal-fired boilers with flue gas desulfurization (FGD) for all re

Table 11-3
Composite New Technology Components

22 New Unit Mix Technology Fuel
20% Coal-Fired with FGD Bituminous Coal
25 Natural Gas Combined Cycle Natural Gas
55 IGCC Bituminous Coal

The above composite technology is represented in IAS as having 98 pergeon8a and 97 percent N@ontrol
compared with uncontrolled emission rates.

22



Table 11-2
Cell Retirement Table Excerpts

region_id scc_id sz_id fcst_year pct_retired state_id region_descriptic
1 utcoaloc 3 1990 0 53 Washington-W
3 2000 0 53 Washington-W
3 2010 0 53 Washington-W
3 2020 0 53 Washington-W
3 2030 0 53 Washington-W
3 2040 1 53 Washington-W

NOTES: A region_id of 1 indicates that the region is western Washington. Utcoaloc represents utility coal combustion with other control (where othel
control). A sz_id of 3 indicates that cell emissions are more than 100,000 tpy. The pct_retired column indicates that all units in the cell that
operating through 2030, then were all retired in 2040.

23



C. CAPACITY UTILIZATION TRENDS

Another component of the baseline assumptions is whether gxigity capaciy was beig fully utilized in the 1!
year. In situations where capgoivtas underutilized in the bagear, there is room for substantggbwth in the cell's da
before new capagitis added in the simulation. The 1990 percgatatilization assumptions (which are less than on
utility cells) are in the SCL file as pct_utilized.

Pct_utilized is the percerga of capacyt within the cell that is used in the 1990 bgsar (a fraction between 0 at
value can also be referred to as a capdatttor. If this value is less than 1.0, the IAS will use the excess capaaoite
increasing electricity demand before adding new source capacity.

Table II-4 excerpts some SCL data for the same Ig®nepresented earlier in this chapter. This table shows
capaciy utilization in this rgion to be 100 percent for coal units, 81.5 percent for oil, 45.9 percent for rgasyrand 1
for renewables.

Because coal-fired utility unit operation has the most influence gre®3sion trends in theg®n, Table 11-5 sun
the lage, coal-fired utiliy 1990 capacit utilization values used in IAS. In IAS, coal-fired ugiliinits are represented
categories those with S@control, and those with pollutants controlled other than Shese two source caies are
separatel in Table 11-5. For the most part, 1990 capgaditilization values for lage, coal-fired units are between 75
percent. The oglexception is the 56 percent capwgditilization value for New Mexico-North East. With thesghba:
capaciy utilization values, the IAS model will have to bgion new source capagito meet the increagrelectricity den
cannot be met by existing units.

D. GROWTH

Electricity demandyrowth is the primayr driver of new electric utilit capaciy construction. Because of the cost
capital construction, the expansion of life-extension activities, environmental pegrditfioulties, and uncertaigtrega
electricity market restructurigy new construction to compensate for the retirement of egistiseload facilities is rela
across the nation. In preliminaANL utility anaysis for the IAS economic geons, sgnificant coal-fired unit retireme
occur until the 2030-2040 time frame. Because of the lack of baseload retirement (with the exception of nucle:e
2020-2030 time frame), new capacity growth will be driven primarily by electricity demand.

REMI does not provide a direct output link to electyidemand. The most useful REMI output related to eleg
is the public utiliy expenditures sector (Standard Industrial Classification [SIC] 30). ANL conducted an econors
comparing the relationship between gross national product (GNP) and electricity demand from the Energy Infol
Administration (EIA) estimates, argioss rgional product (GRP) and public utiliexpenditures from REMI. We fou
coefficient relating GNP and GRP to electricity demand and public utility expenditures are similar. Given
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Table 1I-5

Large, Coal-Fired Utilities
1990 Capacity Utilization*

Utility-Coal Utility-Coal

IAS Region Region Name Other Control with SO, Control
4 Montana 1.00 0.99
9 Wyoming -- 0.94
20 NV-Northern -- 0.87
22 NV-Clark Co. -- 0.91
34 UT-Central 0.88 --
36 UT-Emery Co. -- 0.91
43 AZ-Navajo 0.98 --
44 AZ-Apache Co. 0.79 0.90
50 CO-Moffat Co. - 0.93
52 CO-Larimer Co. - 0.99
54 CO-Denver Co. 0.94 --
56 CO-Montrose Co. - 0.77
58 CO-Southeastern 0.99 --
60 NM-San Juan Co. - 0.85
61 NM-North Western -- 0.78
63 NM-North East 0.56 --
72 TX-North 0.88 --
73 TX-Central West 0.85 --
90 TX-Eastern -- 0.96

All Others 1.00 1.00
NOTE: *Utilizations listed are relative to the theoretical maximum utilizations for the facility.

SOURCE: Data resident in the Source Cell List file in the IAS Data Bases (December 1998).
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the similariyy to REMI-derived output, it was deemed appropriate to use the REMI publig expenditure results to
electricity demand in the IAS.

Based on the State-level GRwth rates derived from REMI, Table 11-6 lists the anrgralvth in electriciy dene
implied in that rgion. The IAS uses public utijitexpenditures Yo State togrow electriciy demand, except in those c;
States serve California electricliemand. ANL ajisted electricit demand in those States to reflect the poyeserat
meet historic California electricity imports.

Within each 1AS rgion, the new capagitrequirement is defined as the portion of sectoral demand notyneetdtir
capacities. For most sectors, the default assumption is to add newycapadiere the old capagits currenty located.
siting of new point sources takes into consideration compliance with all existjulatory programs with respect to ne
location. When certain restrictions are birglisector demand in an IASgien can be satisfiedytnew capacit growthi
region. For example, new power plants may be constructed in a different IAS region from that of the existing c

For the most part, new capac#dditions that are driverytelectriciy demandyrowth are co-located at existjigers
stations. Additional peakgcapaciy is also located at existirbaseloadjeneration facilities. Sitimof certain ypes ofg
facilities is restricted from specific areas of concern. Based on the Alternatives Assessment Subcommittee's g
siting of new coal-fired units near the Grand €am, new units in these areas are sited at coal-fired plants in other
farther from the Grand Cgan, yet within a reasonable transmission distance. These are explicit assumptions pr
setup of the IAS baseline, but which IAS users are able to alter.

Certain fuel/technolgy combinations are also restricted from lgesited in California. No new coal-fired units &
to be located in the State. Neas-fired facilities will be allowed to be sited in California, althiothese will be assurn
the strictest possible emission controls. Given that no new nuclegdroelectric capacjtwill be added and that ren:
gas-firedgeneration resources are unlikeéb be able to meet all of the new baseload requirements cost-effctimele
baseload resources for California will be mgtiew coal-fired capagitlocated outside the State. As observed over
decades, the coal-fired baselgmoheration servigp California has been located in Nevada, Arizona, New Mexico, d
States. The coal-fired stations, NpyeReid Gardner, Valg) Mojave, and Four Corners are all located outside of G
are partly-owned by California-based private and public utilities.

To reflect the sitig of new coal-fired units outside of California (that serve Californiaggneeeds), some percer
California-electriciy demand is assumed in thegAnne utility model to occur outside of California. This assumptio
to reflect the sitig of new coal-fired capagif not to inflate the demargfowth of other States in the IAS. In 1990, gt
percent of California'generation needs were met in-State sources, 15 percent from sources ig@rgWNashigton, Io
British Columbia, and 20 percent from sources in Nevada, Arizona, New Mexico, and Utah. Gufrerglis an agoir
transmission line pject to improve and expand electrycitansmission from Ogen to California, southern Nevada@
and Arizona to
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Table 1I-6

REMI-Derived Annual Electricity Demand
Growth in the States in the IAS (1990-2040)

State(s) in IAS Region

Average Annual Electricity
Demand Growth (%)

Arizona

California

Colorado

Idaho & Wyoming

Montana

New Mexico

Nevada

Utah

West Texas

Average annual growth in IAS

1.46
1.29
1.28

(1.1)*

[ N N L (W W [N
MNONDMwWwI L
[ NN

NOTE: *growth not defined in IAS, assumed identical to Idaho.
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California. The Mid-Continent Area Power Pool (MAPP) also provides elegtgerteration resources for California
demand.

Based on the North American Electric RelialilZouncil (NERC) prgections of electricit demandgeneration, ag
into the California-Southern Nevada power pool, impogekeration accounts for rgaly 21 percent of totajeneratior
California. Historical, 62 percent of the importegneration is from the Arizona-New Mexico power pool, 35 pert
importedgeneration is from the Northwest Power Pool, and 2 percent is from the MAPP power pool. Based ore
estimated that 21 percent of ngeneration resources comes from outside the California-Southern Nevada powel
resources are apportioned arg@ower pools based on histogeneration information. To reflect the d@ramount of ¢
capaciy in the California-Southern Nevada pool, electyiciemand will be increased in other power pools based i
of importedgeneration and historical sources of imported elecgjricithe revised electrigitdemand for modeloppurpc
presented in Table 1I-7.

Table 11-7
Revised Electricity Demand

Average Electricity Demand Growth

Power Pool Per Year (%)
California-Southern Nevada 1.02

Arizona-New Mexico Increased by .17
Northwest Increased by .09

MAPP Increased by .005

New capacif driven ty California electriciy demand is apportioned and located in Southern Nevada, the Ari:
Mexico Power Pool, the Northwest Power Pool, and the MAPP power pool based on the historic shares of gen

In addition to imposig pre-determined new capacitestrictions in the baseline emissions forecast, the IAS ha
to allow the user to relocate emissigagneratily capacities to a differentgmn. The relocated sources wiktnerate the
amount of emissions; however, the impact on visibdéin be different because different IAgioms can have differen
coefficients. The distance of new capgac#allocation is estimated to be as short as possjlvkm that rgulatory requil
met. This minimum cost principle implies that most relocated capaditremain within the same REMI gion, which
larger than aypical IAS region, so it is unnecessato chamgie the economic scenario runs because ofgdsim new ca
location.

Another agustment to the REMI economic forecast for utibburces is with igard to fuel prices. The REMI mo
not predict future prices of electric utylifuels. Historical fuel price data are used for the base economic forecast
price data from the EIA Annual Energy Outlook series.

1. Coal

For the base economic forecasts, historic 1993 coal priceypadiata are used for tliear 2000 and after. Coalt
1993 was chosen since it reflects price changes due to the impact of Phasequ®ments (Title IV Acid Depositio
The 1993 coal data are presented in Table 11-8.

The price of steam coal delivered to electric wtilécilities is prgected to increase 1.3 percent pear (EIA, 1993
2. Other Fossil Fuels

Federal Enagy Regulatory Commission (FERC) 423 data from 1993 is used as a gtadint for prgecting the pri
other fossil fuels into the future. The base (starting) prices of natural gas and fuel oil by State are presented th
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The reference case fossil fuel price estimates are derived from EIA (1993). All prices refktegrprice incree
delivered to the electric utilitindusty. Distillate oil prices are assumed to increase at 0.7 percey¢ger Residual o
assumed to increase at 2.1 percent per year. Natural gas prices are assumed to increase at 3.2 percent per yt

E. RETROFIT CONTROLS AND COSTS

Electric utility emission control applications and costs in IAS are based oyirggpfdur different control techniqu
can be applied sghy, or in combination. These four utiemission control techniques are: selective gataleductior
selective non-catglic reduction (SNCR), FGD, andganic acid additives (OAA). The first two techngies provide N
emission reductions. FGD and OAA reduce, 8@issions. OAAs are a techngjothat can be retrofit on exisgriFGD
to enhance SOremoval efficiency.

The retrofit control techniques for exiggintility sources applto three IAS source caeries (or scc_ids): utcoal
utcoalsx, and utngasoc. These control techniques can only be applied for the period 2001-2040, because a dif
compliance activities cover the 1990-2000 period.

Control techniques for particulate were omitted because most epastf-fired units in the gon have PM contre
efficiencies as Igh as 99.9 percent. PM control for new sources is inherent in the teghdelsgn, and is not expecte
significantly different from existing control levels.

Capital and operating cost estimates for the foug &l SO control techniques available as retrofit control opt

are summarized in Table 11-10. IAS also includes all of the possible combinations of the control ggesmoldable Il
the costs of applying multiple controls being additive in most situations.
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Table 11-8
Coal Price and Type Data

Average British Average Sulfur  Average Ash Average
Thermal Unit (Btu) Content Content Delivered Cost
State (per pound) (% by weight) (% by weight)  (cents per million Btu)
Arizona 10,271 49 12.08 135.2
California NA NA NA NA
Colorado 9,888 .38 6.97 109.2
Idaho 10,539 1.78 8.23 126.8
Montana 8,490 .65 8.99 69.3
New Mexico 8,991 .81 22.77 136.8
Nevada 11,012 4 9.73 146.8
Oregon 8,801 .38 4.98 112.2
Texas 7,284 .75 11.95 143.5
Utah 11,489 48 10.47 119.0
Washington 8,125 72 14.90 136.0
Wyoming 8,779 .51 7.78 138.5
Table 11-9

1990 Natural Gas and Fuel Oil Prices for Base Economic Forecast

Distillate Fuel Oil Natural Gas
State (cents per million Btu) (cents per million Btu)
Arizona 5114 280.7
California 234.7 296.3
Colorado 480.6 250.1
Idaho Not available Not available
Montana 525.5 268.1
Nevada 358.3 237.7
New Mexico 505.8 219.3
Oregon 382.8 225.2
Utah 539.1 217.6
Washington 473.0 329.7
Wyoming 473.0 329.7

32



33

Table 11-10
Utility Retrofit Control Options
Cost Coefficients

Nominal Nominal Operating
Capital Cost and Maintenance (O&M)

Technology ($/kW) Cost ($/kW) Control Efficiency (%)
NO,* SO,

FGD 357 19.64 0 90

SNCR 14 9.35 56 0

SCR 106 18.09 80 0

Organic Acid 0 5.89 50 85

NOTE: *Includes NO, emission reductions associated with existing low NO, burners.
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CHAPTER 1l
INDUSTRIAL SOURCES

This chapter covers IAS modedimethods for point sources that are in the 1990 GCVTC Invetitat are not inc
electric utilities. While all non-utilit point sources are included in IAS, current and future air pollution emission ¢
and their costs are only evaluated for a subset of these soubaese that contribute emissions that are more than ¢
the total inventoy. Industrial sourceypes that are the primafocus in IAS included industrial boilers, copper smelt
petroleum refineries. Table IlI-1 lists all of the source g@ies (scc_ids) which have control technique and cost ir:
IAS. All point sources for which control techniques were not identifiedrangped into a source cgtay (ptothrnc) lak
point sources with no control.

All of the control cost equations for industrial sources use the stack gas flow rate (cubid]fieet ffinute) to esti
capital and O&M cost components. Gas flow rates of these sourgedegmndig on source size. Unit capital and a
in dollars per standard cubic feet per minute (scfm) are computeglarsawverge flow rate of the cell, and total costs
by multiplying unit costs times the gas flow rate.

In cases where there are multiple units in an IAS cetjpAne computed unit-level control costs for each techyy
summed them, and then computed the appropriate géaadkow rates and dollars per scfm flow rates to insert in the
to yield the same capital and operating costs that were calculated using the unit-level information.

For industrial sources, the togds flow rate from the 1990 bagear GCVTC inventoris stored in the SCL file
variable name num_src.

Within industrial sources, the exception to the cost calculation is fogsttaaks. For ganic chemical andasolir
storage tanks, the number of tanks in a cell is used to estimate control costs.

A. COPPER SMELTERS

Emissions from copper smelters are gatezed either as captured omgitive. Captured emissions are from proe
confined or readily collected for treatment. The major pollutants from these smelters are PM.alidH&C5Q concer
greater than 3 percent vghit, then thegases can be economigatteated in sigle or double sige acid plants after bain
an electrostatic precipitator (ESP) for particulate control. Process gases with Jearéntrations afjest treated pa
then vented through a stack. These low sulfur concentration gases contribute significamisS{®ns and can be tre
In addition, FGD can be added to an acid plant to further redugceriSsions.
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Table 111-1

Industrial Source Categories (SCC_IDs) and Descriptions Used in IAS

Scc_id Source Category Description

inagpepm Industrial All Gasoline Processes With PM Control

inagpeuc Industrial All Gasoline Processes With Unknown Control
inchemnx Industrial Chemicals and Allied Products With NO, Control
inchemuc industrial Chemicals and Allied Products With Unknown Control
incobonx Industrial Coal Boilers With NO, Control

incobopm Industrial Coal Boilers With PM Control

incobouc Industrial Coal Boilers With Unknown Control

incop2pm Industrial Copper Smelters - Fugitive With PM Control

incop2uc Industrial Copper Smelters - Fugitive With Unknown Control
incoppnx Industrial Copper Smelters - Captured With NO, Control

incopppm Industrial Copper Smelters - Captured With PM Control

incoppuc Industrial Copper Smelters - Captured With Unknown Control
ingspruc Industrial Natural Gas Production Other With Unknown Control
inngbouc Industrial Natural Gas Boilers With Unknown Control

inngcmnx Industrial Natural Gas Production, Compressors With NO, Control
inngcmpm Industrial Natural Gas Production, Compressors With PM Control
inngcmuc Industrial Natural Gas Production, Compressors With Unknown Control
inngflnx Industrial Natural Gas Production, Flares With NO, Control
inngflpm Industrial Natural Gas Production, Flares With PM Control

inngfluc Industrial Natural Gas Production, Flares With Unknown Control
inngrenx Industrial Natural Gas Reciprocating With NO, Control

inngrepm Industrial Natural Gas Reciprocating With PM Control

inngreuc Industrial Natural Gas Reciprocating With Unknown Control
inngswpm Industrial Natural Gas Production, Gas Sweetening With PM Control
inngswuc Industrial Natural Gas Production, Gas Sweetening With Unknown Control
inoibonx Industrial Oil Boilers With NO, Control

inoibopm Industrial Oil Boilers With PM Control

inoibouc Industrial Oil Boilers With Unknown Control

inoipruc Industrial Oil Production With Unknown Control

inorchpm Industrial Other Miscellaneous, Organic Chemical With PM Control
inorchuc Industrial Other Miscellaneous, Organic Chemical With Unknown Control
inothrnc Industrial Other Combustion With No Control

inpeprnx Industrial Petroleum Process Fuel Use With NO, Control

inpeprpm Industrial Petroleum Process Fuel Use With PM Control

inpepruc Industrial Petroleum Process Fuel Use With Unknown Control
inperenx Industrial Petroleum Refineries With NO, Control

inperepm Industrial Petroleum Refineries With PM Control

inpereuc Industrial Petroleum Refineries With Unknown Control

insolvnx Industrial Solvent Use With NO, Control

insolvpm Industrial Solvent Use With PM Control

insolvuc Industrial Solvent Use With Unknown Control

inwobonx Industrial Wood Boilers With NO, Control

inwobopm Industrial Wood Boilers With PM Control

inwobouc Industrial Wood Boilers With Unknown Control

ptothrnc Other Point Sources With No Control
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Fugitive emissions from copper smelters are those esgémm equipment thragh leaks and durmpmaterial trant
one process 9@ to another. Fgitive emissions can be controlleg frst capturirg gases i installing hoods, and then
gases by FGD.

1. Year 2000 Adjustments

Kennecott Utah Copper Corporation provided information about its modernization plans. Based on this inf
specific agustment was made for the Kennecott smelter: a special tegyroaide was asgned to scc_id = incop2uc
49. This technolgy adustment was incorporated into the baseline, and precludes further emission contgodsited:
this source. No control cost information for this modernization was provid&@fnecott. It wasgreed ly the Comm
no costs are required for the 2000 baseline simulation, only for retrofits. Theo&i@»l efficieny for this special tech
code is 96 percent, with total suspended particulate (TSP) apcBMrol efficiencies set to 50 percent.

2. Growth and Control Assumptions
Copper smelters are estimated to retire their capatd rate of 1.2 percent pgrar. This retirement rate was ta

National Enegy Modeling System (NEMS) model. This retirement rate is applied in IAS tjitdbe CRT file. Values
for copper smelters, expressed as a fraction of 1990 capacity retired, are listed in Table III-2.

Table 111-2
Copper Smelter Retirement Rates by Projection Year

Fraction of 1990
Year Capacity Retired
1990 0.00
2000 0.13
2010 0.26
2020 0.39
2030 0.52
2040 0.65

No growth in copper smelter activity is estimated through the forecast horizon.

The IAS pollution control technodfy options available to be applied to the copper smelters emission sources
Table 111-3. Each control technology has associatede®@® PM control efficiencies. For each sourcegmatg a baseli
control technolgy and a new source control techrpjare indicated. Note that the baseline control teclyedacan cl
IAS region, accordig to the observed controls in place in each area. The control effiad@ferences between the be
source technologies are an important factor in the projected IAS Baseline emission trends, as
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Table 111-3

Copper Smelter Source Types, Control Techniques and Control Efficiencies

Nom
Scc_id SCC Description Tech_id Technology Description [
incop2pm Fugitive with PM Control 233 Hoods with FGD
260 ESP
261 Kennecott Process Change
262 California NO, Controls
263 Secondary Hoods + ESP v
265 Secondary Hoods + ESP + FGD
511 Process Change - Hydrometallurgical Production v'v/
incop2uc  Fugitive with Unknown Control 261 Kennecott Process Change v/
262 Secondary Hoods v/
263 Secondary Hoods + ESP
264 Secondary Hoods + FF v/
265 Secondary Hoods + ESP + FGD
266 Secondary Hoods + FF + FGD
511 Process Change - Hydrometallurgical Production v'v'
694 Hoods with FGD + ESP
incoppnx Captured with NO, Control 228 Double Stage Sulfuric Acid Plant v/
511 Process Change - Hydrometallurgical Production v'v/
691 FGD
incopppm Captured with PM Control 228 Double Stage Sulfuric Acid Plant v/
229 FGD
231 ESP
232 Fabric Filter
261 Kennecott Process Change
511 Process Change - Hydrometallurgical Production v'v'
691 FGD
incoppuc  Captured with Unknown Control 228 Double Stage Sulfuric Acid Plant v/
511 Process Change - Hydrometallurgical Production v'v/
691 FGD

NOTES: *Values listed are 1 minus the control efficiency expressed as a fraction.
v/ = Baseline Technology (the baseline technology for a source category can differ depending on IAS region).
vV = New Source Technology
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retired existilg capaciy is replaced with sources emigjiat new source rates. Control techigids not indicated as bd
source, technolgyies are available as retrofit control options that can be selegtiédblio meet emission or visibiittar

B. INDUSTRIAL BOILERS

The industrial sector source cgbeies are ver diverse in terms of pollutants and the procegsesratig them. Tt
either confined to ducts or aregftive. The industrial sector also contains area sources. This is an artifact in thei
when specific sources do not account for all emissions, an area sougoeycistereated with the remairgremissions.”
several rgulations applicable to each source gatg, which vay dependig upon the size of the source. The Fedex
mostly implemented through State Implementation Plans (SIPs) and State regulations.

Regulations ypically speciy either control technolyy or performance standards. The development of inputs |
if the regulation specifies a control technghp It is more complicated if the gelation specifies performance standas
expressed in various units such as pounds per million British thermal units (Ibs/MMBtu), parts per milliorg(pimsx
cubic foot (dscf), opagrt and percent removal required. Also, therg tma more than one control techrgydhat can ¢
regulations. In order to idengifthe control technolgy required to meet the gelation, the emission limit and the uncr
emissions are converted to a common baginakirg certain assumptionsgarding fuel, equipment, and process ch:
generate the pollutants. Theryareeded reduction is estimated and this reduction is compared with the capabibit

Coal Boilers. Many States have regulations in place to limit particulatg, &@ NQ emissions from coal boiler:
industrial coal boilers under this syudre located in the western United States and, hence, are assumed to use w
the uncontrolled emission rate for coal boilers, boiler and fuel characteristics have been assumed. The emissi
these assumptions are taken to be representative. gies heatig value, percengge ash, and percegg sulfur are as
10,000 Btu/lb, 10 percent, and 0.6 percent, respeygtivehe averge size, efficieng of the boiler, and the excess air
to be 100 MMBtu/hr, 10,000 Btu/kWh, and 33 percent, respegtivlso, it is assumed that 20 percent of the ash is
ash, and 5 percent of the sulfur remains with bottom ash. The flue gas flow rate is estimated using the equatio

E g & . =& +02a-°>2 % g /h *0

The flue gas flow rate from the assumed boiler size is estimated as 34,320 actual cubic feet per minute (at
scfm. The uncontrolled emission factors are 8 Ibs/MMBtu for particulates and 1.14 Ibs/MMBtu,foA&rdirg to B
(EPA, 1985), the uncontrolled N@mission factor for pulverized coal ydvottom boilers is 21 Ibs per ton of coal, wt
to 1.05 Ibs/MMBtu, for the assumed coal.

The regulations for particulates, s@nd NQ typically depend on the size of the boiler. However, boiler size |
the 1990 inventyr. Regulations also varby State. The emission limit for particulates in most States igr@i@s per a
Hence, all coal boilers require particulate controls. Both ESP and fabric filters (FF) can meet the emission limi
assumed because of its widespread use for coal boilers. ThrBion limit is in the rage of 1.2 lbs/MMBtu, which
the uncontrolled emission factor. Hence, ng &@htrols are required. The regulation for,$@ries from no rgulationi
to around 0.75 Ibs/MMBtu in others. Combustion modification is sufficient tg king boiler into compliance with gel
with NO, emission limits.

Wood Boilers. The mgor pollutant of concern for wood boilers is particulates. The emissions are detersnin
composition, boiler degn, ash re-ijection, and other factors. The uncontrolled emission factor for particulates fr
Ibs per ton. The variousgelations for particulates include: opacitot to exceed 20 percent, 0.36 Ibs/MMBtu, anc
standard cubic feet (scf). If we assume 5,000 Btu/lbs as thedealire of wood waste, then the uncontrolled emis
Ibs/IMMBtu. Hence, wood boilergeneraly need a control technajy for particulates, and ESP has been assumedd
baseline.

Oil Boilers. The primary emissions from oil boilers are particulates,, d@d SQ. Regulations vay by State, size
and date the boiler came on line. The emission limits are ysndhe raige of 0.1 to 0.2yrains per scf for particulate
Ibs/MMBtu for NQ,, and 0.8 Ibs/MMBtu for SO The uncontrolled emissions depend on fuel oil composition and

The particulate emission factor for an industrial boiler bigrdlistillate oil is 2 pounds per 1,0@@llons. Thisis e
0.008 grains per scf, well below typical regulatory limits. The &@ission factor is 142*S pounds per 1,@@0ons. T
corresponds to 0.3 Ibs/MMBtu for an avgeaistillate oil (0.3 percent sulfur), which is also well below tlyeiliggory lin
emission factor for distillate oil is 20 pounds per 1,880ons, correspondgito 0.14 Ibs/MMBtu. Since this is also b
regulatory limit, no control technology is required by current regulations for industrial boilers firing distillate oil.



For a fuel sulfur content of S wgit percent sulfur, the particulate emission factor for an industrial boiler lgues
(10*S + 3) pounds per 1,0@@llons. This is equivalent to 0.18Bains per scf, well abovegpical regulatory limits, swyg
residual oil-fired boilers are likely to employ an ESP in the baseline. TherSiSsion factor is 157*S pounds per 1,
corresponds to 2.46 Ibs/MMBtu for an avggaesidual oil (2.3 percent sulfur), also well above tigalegory limit. The
factor for distillate oil is 55 pounds per 1,0gdllons. This is equivalent to 0.37 lbs/MMBtu, which is below tlueilega
no control technology is required for N@y current regulations for industrial boilers firing residual oil.

In the present angdis, boilers burnig distillate and residual oil arggregated into a sigle source cagpory. The |t
boilers burnig distillate oil is approximatglthree times the heat input to boilers bugriesidual oil. Hence, we have
as thogh they are burnig distillate oil and are not required to have control equipment. This does not affect the &
which are taken from the Radian inventdout it could affect EMS results, since sulfur controls cannot be put on
without also beig put on distillate oil boilers. This is a consequence of the neaghtegate industrial emission sourc
IAS model.

Natural Gas Boilers The primary pollutant from natural gas boilers is,NOhe rgulationsgeneraly speci pert
standards rather than control techmgglo Again, the emission limits depend on the size of the boiler. AcaptdiAP-4
uncontrolled emission factor for natugas boilers is 140 Ibs per million cubic feet, which is equivalent to 0.14 IbB
1,000 Btu per cubic feet as the hegtalue of naturagjas). State gulations speciyf around 0.2 Ibs/MMBtu. Hence,c
gas boilers generally require no control.

Natural Gas Reciprocating Engines The primary pollutant is NO The uncontrolled emission factor for S©3;
Ibs per million cubic feet. If we assume 1,000 Btu @sﬁthe heatmvalue of naturafjas then the uncontrolled emr
be 3.4 Ibs/IMMBtu. Regulations for N@missions are in the rgam of 0.2 Ibs/MMBtu. Hence, naturgds reciprocatig €
NO, control equipment with high removal capability. SCR is assumed to be the control technology of choice.

There are threg/pes of industrial boilers (for each identified fugbe): (1) boilers with PM control; (2) boilers ¥
control; and (3) boilers with unknown control. The level of control assumed for thegerizstés based on a review
regulation, rather than on reported control efficiency.

Because the control techniques for industrial boiler applications for theyvatieiel types and technoty types ae
voluminous to be presented succigatl this report, Table 111-4 illustrates the control techiyds and associated polls
efficiencies for Industrial Coal Boilers with PM Control. For most IA@aes, the baseline control techngidfor this 4
is an ESP. The new source technology is FGD plus ESP plus IQuwus@ers, so new coal-fired industrial boiler car
percent lower NQ and 90 percent lower S@an existing sources.

The annual retirement rates that are assumed for the industrial fuel combustors are derived frayy anrodakof
economy- the Industrial Combustion Emissions (ICE) model. This model was developed and applied as part @
Precipitation Assessment Program (NAPAP) emission and control techniques evaluation process.

Linking REMI sectoral output with industrial fuel combustion acyivet complicated ¥ the fact that fuel combust
wide rarge of industries. Most other sectors could be diydotked to a sigle REMI sector. To construct the SIC g
industrial fuel combustion sources, data from the emission inventory were used. Becaesadss{ons are (in 1990)
uncontrolled in this sector, and are ubiquitous across fuel types, the weights were base@misbiGns. The industr
driver weghts are shown in Table 11I-5. As this table shows, thetgig for oil-fired boilers is dominatedytthe pulps
industry (SIC = 26), while the other industrial combustion category is dominated by primary metal production.
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Table I11-5
REMI-IAS Source Group Mapping for Industrial Combustion

Natural Gas Boilers

Coal-Fired Boilers +IC Engines Oil-Fired Boilers Other Wood-Fired B«
incobo inngbo & inngre inoibo inothr inwobo
SIC (%) %) (%) (%) (%)
All Mining 63.8 11.9 1.2 1.1 0.0
(10-13)

20 11.2 3.3 3.3 0.1 1.4

24 3.7 0.1 0.6 0.4 59.7

26 7.3 3.8 70.7 0.0 251

28 0.2 28.6 2.2 12.7 0.0

29 0.0 23.4 17.3 7.1 0.0

32 0.0 0.2 0.2 78.6 0.0

33 0.4 5.6 0.0 0.0 0.0

49 12.2 20.9 3.1 0.1 13.6

Other 1.3 23 1.5 0.0 0.2

Total 100.0 100.0 100.0 100.0 100.0
REMI Link: 61 62 63 64 65
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C. OIL AND GAS PRODUCTION

Natural Gas Production - Gas Sweetening Sulfur is present in natural gas in the form of hydrogen sulfide
(H,S). If H,S concentration is more than 0 @%ins per 100 scf, then the natugak is considered to be sour and reg
treatment (sweetening) in amine plants to remove hydrogen sulfide. The recoy@iisdislially incinerated to S@nd
vented to the atmosphere via a stack. Therefore, the major pollutant from amine sweetening planisa&ea@ of ini
the HS, sulfur can be recovered in a sulfur plant. The emission factor depends on the concentragfon natdrabas
efficiency of the amine process. Depending upon the concentratioy® o fthe natural gas, a sulfur plant may be
economical due to the production of byproduct sulfur. Hence, a sulfur plant is chosen as a control optipidor ¢
sweetening plants.

The IAS retirement rate for gas production-sweetening plants is 1.9 percent per year.

Natural Gas Production - Compressors Compressors are used for transporting natural gas through pipelin
Compressors are either powergdgas turbines or reciprocagrergines. In this stugwe assumed the usegs#s turbin
trend is towards the use of large gas turbines. The emission factor fémoN(@as turbines is 300 pounds per millias
which is equal to 0.3 Ibs/MMBtu (assurgith,000 Btu per cubic feet as the hegtalue of naturagjas). The rgulations
emissions are in the range of 0.23 lbs/MMBtu. Henombustion modificatiors assumed to be sufficient to control
from gas turbine driven compressors.

Natural Gas Production - Flares The natural gas produced during well drilling, testing, and closing will be 1
to decrease the emissions of hydrocarbons (HC) a8d Hlso, thegas has to be flared dugmprocess upsets. The jux
from these flares would be $@s HCs are converted to carbon dioxide and water if complete combustion is achi
intermittent operation it is difficult to define an emission factor. Adgmerall there are no grilations for flares used
up and shut-down processes. Flares arpestdal togeneral provisions such as opgaind smokeless burmgrand are a
comply with these provisions. Hendkares are assumed not to require any controls

The IAS retirement rate for oil and gas production is 2.3 percent per year.
D. PETROLEUM REFINERIES

Petroleum Refineries Fluid cataytic crackirg units (FCCU), fluid cokig units (FCU), and fgitive emissions art
major sources of pollutants in the petroleum refinery. The emissions from FCCU and FCU anel 81Q). FGD can |
for SO, control. Combustion modification, SCR, and SNCR can be applied focditirol. The mgor sources for faiti
emissions are valves, flges, drains, blow-dowrystems, and coolmtowers. The emissions from these sources ca
by better management practice.

Petroleum Process Fuel UseProcess heaters are used in refineries to heat the feed materials to the reactic
distillation level. The fuel burned is usually refinery gas. They may also burn natural gas, and fue} aild SIQ are
from the process heaters. Sfn be controlled by FGD and N€an be controlledypbcombustion modification, SCRy

The IAS retirement rate for refinery sources is 1.9 percent per year.
E. OTHER INDUSTRIAL SOURCE EMITTERS

Chemicals and Allied Products - Pre 1970 Nitric Acid Plants NQ, is the major pollutant from

manufacturing nitric acid and the major source is the tail gas from the acid absorption tower. UncontrodiedsSiOr
the range of 14-86 pounds per ton of acid produced. The regulations for the emissiqrfronN@tric acid plants are
range of 3.0-5.5 pounds per ton of acid produced. Clearlychi@rols are required in States whergutations exist. |
absorption and catalytic reduction are commonly applied control technologies faoN{bl. The emissions after ap
controls are in the r@e of 0.05-1.2 pounds per ton of acid for cgialreduction and 0.8-2.7 pounds per ton of acid
absorption. Due to the increased cost of nagas) extended absorption is preferred over gtitaleduction. Hence, ¢
absorption is the likely control technology for nitric acid plants.

Other Miscellaneous - Organic Chemical Storage Tanks and Gasoline Process Storage Tanks
Generaly, the r@ulations forgasoline and @anic chemical stoge tanks specyfthe control technolyy based on the ¢
storage tank and the vapor pressure of the liquid @pstored. Information garding the size of the tank and the vapo
the liquid stored is not available in the Radian inventddence, an avege size storge tank of 50 feet diameter is aB
it is assumed that the vapor pressure of stored liquid warrants a control tgghritibeed roof, external float@roofs, ir
floating roofs, and pressure tanks are some of the conynuseld control techniques for stgeatanks to control emissi
Of these, fixed roof tanks correspond to the minimum acceptable control tephrasid mag States require floatgroc




For refrigerated vapor recovery system the flow rate of gases to the condenser is assumed to be 269.32 Rcfirh
average flow rate reported in the Radian inventory.

Solvent Use This source category contains several emission sources, such as dry cleaning, solvent degre
surface coatigs for automobiles, metals, buildis, wood furniture, plastics, etc. For this diversegmtg it is not posg
explore the rgulations and to idengjfthe required control options. Hence, we have assumed tigatyénal, all these ¢
employ "Process Maodification” in response to ROG regulations.

The IAS retirement rate for nitric acid plants, organic chemical storage, and gasoline storage is 1.9 percen
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CHAPTER IV
MOBILE SOURCES

In the GCVTC stuy, mobile sources includedtiway vehicles (represented iour vehicle ypes), commercial an
aviation aircraft, commercial marine vessels, and railroad locomotives. As with the other sectorge&uitangission ¢
made ly evaluatiig the potential effects of currentyidations and emission standards on emission rates, and forgd
charges in pollutiongeneratig activity. EPA's mobile source emission factor model (MOBILEDS) is used to estima
vehicle emission rates will chga by area in futurgiears. Chages in emission rates for the other three sourcgaases
by translatimg regulation chages into control factors. Growth in activitor these source/pes to the forecagears is e
using weighted averges of expected population and incognewth, or weghted averges of selected REMI sectors d
the source category.

A. HIGHWAY VEHICLE BASELINE

There are seven source amrges specified for mobile sources. Most are individual SCCs, but diesel powere
heaw-duty vehicles were combined agdsoline powereddht-duty cars and trucks were combined, due to simylanit
characteristics and control. As of 1990, all gates except aircraft and railroad locomotives were covered underi
standards for one or more pollutants; in a few cases, standargeetsned the fuels used these sources. The Cle#
Amendments of 1990 significantly tightened many of these standards.

The turnover of modejear vehicles in in-use fleets eaaar is the basis for mobile source emission inveradiu
in the baseline. That is, net decrements in emission lggdivhere achieved, result from vehicular sources controll
more strigent emission levels replagjthose which are not. Thus, there is no measurable reduction achieveith te
existing vehicles in the period after 1990.

1. Computation of Emissions Change Indices

Both the baseline and control techrplgrgections for emission indices (relative to Radian's lyase inventoy) v
computed using:

a. EPA's MOBILE5a model (for on-highway ROG, carbon monoxide [CO], ang With detailed input strear
specific to conditions for each GCVTC State and year;

b. EPA's PART5 model (for on-highway §®M, ., OC, ., and EG ) with similar State-specific input streams
c. National-weighted\P-42 Supplement@mission rates for all off-highway modes.

Rates for off-hjhway modes were gdsted to reflect either increased future fleet gyefficiencies, explicit newr
controls (such as regulations governing propulsion engines > 50 horsepower [hp]), or both. In a few instances,
appropriate to use the Statewide indices for small (1 to 5-¢gpsumib-State IAS igons, especiayl if these rgions conta
Interstate Hjhway System milege or mainline railroads. In these instances, the appropriate aetijuistments were
into the composite emission rates carried forward to wiemal multipliers for each level of technglpimplementatior
forecastyear) in the baseline, and are also reflected in the indices for the control tggtseilo The ghway vehicle en
control programs included in the IAS baseline are summarized in Table V-1 and in the text below.

Under provisions of Title Il of the Clean Air Act (CAA) and subsequegulegion, there are five control techngie
common to all GCVTC States (except California) in the baseline:

1. Reduction of volatility (Reid vapor pressure [RVP]) of gasolines sold during summer months to
a maximum of 9 psia, with a maximum as low as 7 psia in some States.

This chage affects Ight- and heay-duty gasoline-powered cars and trucks. Summertime volatitintrols were f

required by EPA rulemaking to begin in 1989 and to be strengthened from 1992 onward. This control has the «
significantly curtailing evaporative and modegtieducirg exhaust emissions frogasoline-powered vehicles dugibot
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(storage) and operation. The exactgnéude of the reduction and resutiimventoly adustment is calculated on a St
basis in the MOBILE5a model. This measure ig/yeportant, as the evaporative component of uncontrolled emis
from in-use gasoline vehicles can exceed 50 percent of the total.

2. Incorporation of Federal Tier 1 exhaust standards in all new highway vehicles sold outside of
California beginning with the 1994 model year.

This chage affects botlgasoline- and diesel-poweredHhi-duty highway vehicles. These standards were expli
place ly Title 1I; they have the effect of lowerghaverage emission rates per newghi-duty vehicle ly about 40 percen
(gasoline-fueled only) and 50 percent for N@ll fuels).

3. Exclusive use of low-sulfur-weight diesel fuel in all States beginning in 1993, as required by a
1990 EPA rulemaking.

This chage affects all rgulated on-hghway and off-hghway diesel-powered trucks, railroad locomotives, ande

powered watercraft. This has the effect of lowgsaolfur dioxide emissionsyb75 percent (ungdsted for chages in fie
economy), and also has the effect of reducing total PM and &aust emissions due to lower sulfates.
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Table IV-1
Applicability of Highway Vehicle Control Programs in the IAS Baseline

Control Measure Applicability
Vehicle Emission Standards

Tier 1 Tailpipe Standards National

(Light-Duty Vehicles and Light-Duty Trucks)

New Evaporative Emission Test Procedure National
Onboard Refueling Emission Control National
Lead Ban National

Fuel Volatility Rules
Low Sulfur Diesel
Oxygenated Fuel

Federal Reformulated Gasoline
Clean Fuel Fleet Program
California LEV

California Reformulated Gasoline

Stage Il (Service Stations)
Basic I/M

Enhanced I/M

National (standard varies by region)
49 States

All CO nonattainment areas (all States except Wyoming,

Idaho, and Montana)

Nine areas required to adopt this program under the
CAA plus areas which have opted in to this program
(Arizona program)

None modeled
California
California

Ozone nonattainment areas of Arizona, California,
Nevada, Oregon, Washington, and Utah

Nonattainment areas of all States except Wyoming,
Idaho, and Montana

Beginning in 1996 in nonattainment areas of Arizona,
Colorado, California, and Nevada to replace basic I/M
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4. On-board control of evaporative refueling emissions on all gasoline-powered light-duty
vehicles beginning in 1998 model year.

This chage affectsgasoline-powered cars andhi trucks. Based on a rule that had been tabled for senesna d
safey concerns, but was finglbromubated in 1994, this has the effect of virtyaliminatirg the refuelig ROG emist
(which can be 10 to 15 percent of the total) and also obviates the requyed| $tiathe-pump control. However, §éd
in the baseline, where it has already been implemented by SIPs as required by Title .

5. All States except Wyoming, Idaho, and Montana have winter oxygen content requirements for
gasoline from 1992 onward, due to SIP compliance requirements for wintertime CO
concentrations.

This chage affects aljasoline-powered cars and trucks. This has the effect of rgpg@€n(which is emitted at t
from uncontrolled sources during cold months) but may slightly increase ROG, which is not a problem in winter

In the special case of California, the baseline incorporates the low-emission vehicle (Lgdhppoomugated pu
the California Clean Air Act of 1988. Newgdhway vehicles bgin compling with these more-strgent-than-Federal &
a phased-in basis gi@ning in 1994. In additiongasoline sold in southern California from 1996 on is assumed to &
California Phase 2 reformulatgdsoline (RFG), a more stgantly-formulated fuel than Federal RFG. All other Stat
source control strategies adopted by the California Air Resources Board (CARB) through January 1995 have a
incorporated.

Federal RFG is available gnin Arizona, under the Federal Implementation Plan (FIP) and sucgegitirfor that
among the eleven remaining GCVTC States. Availability (100 percent of sales) of RFG in Arizona begins in 1€

2. Changes Due to Nonattainment

Because of ozone nonattainment requirements in various States, the fpbalditional controls are included. le
MOBILE5a determined the State-specific effects on emission intensity that were incorporated into the baseline
adjustments.

1. Stage Il at-the-pump control of refueling evaporative ROGs.

This chage affects albasoline-fueled lghway vehicles. Assumed in place thghout the prgection period (bginr
mid-1990s) in nonattainment areas of Arizona, California, Nevada, Oregon, Washington, and Utah.

2. Basic idle-test inspection and maintenance (/M) program (not necessarily centralized).

This chage affects all automobiles andjlit trucks. The basic I/M is implemented in nonattainment areas of
Wyoming, Idaho, and Montana, beginning 1992.

3. Enhanced (240-second transient test) centralized I/M program.

This chage affects all automobiles andjit trucks. Bginning in 1996 in nonattainment areas of Arizona, Colc
California, and Nevada, in each case of I/M adoption, full emission reduction credit is assigned per the data blc
MOBILE5a model; however, it is regnized based on recent evidence that thgnitade of these credits is eggerated
is coupled with some sort of follow-up gram, such as remote sergidesgned to identiy and eliminatgross emittes

3. Other "Trends" Without Inventory Changes

Itis recanized that public fleets and fuel provider fleets (and prgbstne private fleets) in all GCVTC States
convertirg and will in the future continue to convert some of their vehicles to operate at least part-time on altern
petroleum) fuels. These actions were not credited as expljogtatents to the baseline emissions inventor the follc
reasons:

® "Bi-fuel,” "dual-fuel,” and "flexible-fuel" vehicles are not unifoiyriess pollutig than the conventionghfuels

vehicles they replace indeed, because thare not optimized for operation on either of the fuelyg ttean use
emission rates can even be higher.
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® The share of vehicles bgjronverted or purchased new to operate on dedicated non-petroleum fuels is
great to affect avege emission rates and likelo remain so without more stgent rulemakigs under the Er
Policy Act of 1992. This is because EPA's definition of "clean fuels" embraces RFG and reformulated
low-aromatic) diesel as well as non-petroleum substitutes.

® Under "clean air" (as opposed to petroleum displacengeaty, conversion/ replacemeryt AFVs is not nece
and the effect of RFG and clean diesel penetration into the non-retrofitted fleet iy alteadnted for. How
penetration of zero-emission vehicles (ZEVS) in California accgiitagets set $ CARB is explicitly incluc
that State. B currenty-accepted definition, these ZEVs are dedicated elegtpatvered vehicles oyl and &
the onl/ vehicles specificajl desgnated as AFVs in the baseline (altighwther vehicles meegp'Clean Fuel
standards may be AFVs).

It is also recognized that the air quality management plan specific to the South Coast Air Basin of Californi
supplemented controls adopted®ARB to include additional restrictions on certain modes of vehicle usederb idli
reduction of high emitters through emission credit trading, congestion pricing cBMrol retrofittirg of some diesel k
However, the lgal commitment to implementimost of these stragees is still lackim, while their overall impact is gi
in doubt. For example, it is premature to take emission reduction credit for a 50 perceny shectib (zero-emissiol
of new vehicle salesyt?010. Some of the more effective of these measures have been gipttidled in the new st
set for mobile sources used the IAS but, on balance, we believe that their impact on the overall emissions profi
California as it affects Class | visibifiareas will be mainal at best. Thus, within the tolerances of the IASy they b
considered already to be subsumed.

B. CONTROLS BEYOND THE BASELINE

The IAS permits oyl one set of incremental controls to be imposed on new sources in each SCC for purpos
greater emissions reduction than provided under baseline conditions and requirements. The set that was apph
in the 1AS includes:

® Tier 2 emission standards in place in all States (except California) from 2004 ogaswlije specification(s
to achieve these standards assumed to be available. These standards would be requirganfadsitet Yt
1990 Amendments to be completgdtbe end of 1996 establishes that Tier 1 standards are inadequatey
compliance with ambient air standards for ozone.yMmeuld affectgasoline-powered cars andHi trucks ar
heaw-duty diesel trucks, and rngaequire the use of pre-heated or close-coupledyt@tabnverters or a spe
trappirg device to reduce the emission burst at vehicle start-up. Because these are Federal standard:
cost would vay by State accordmto each State's vehicle salegufies after 2003. Pollutants affected are |
and NQ. Magnitude of reduction is computed State by State by MOBILES5a as configured by the Ame
Automobile Manufacturers Association to test the effectiveness of alternatives to broader adoption ofc
LEV program.

® Stage Il (at-the-pump) refueling control removed in 2009 (obviated by Tier 2 and on-board refueling e
control); this would represent an actual cost sathat would affecgasoline-powered cars and trucks. gl
reduction is computed State by State by MOBILESa without the input prompt for Stage Il credits.

® RFG used in all States from 2005. This would affesibline-powered cars and trucks and control CO, R
NO,.

® Penetration of alternative-fueled vehicles meg@alifornia ultra-low emission vehicle (ULEV) (not ZEV) ¢
- vehicles which, under CAA definition, could be powered by RFG or clean diesathes 15 percent pgss
2005 onward in all States except California, where it reaches 30 percent. This accelerates the rate at
emission factors for criteria pollutants (CO, ROG, Nftom all light-duty vehicles decrease from modgear
year.

The new Federal controls applicable to off-roadimes rated at 50 hp (37 kW) agkater are also explicitincorp
into this control set from 2002 onward; source gaties affected are marine diesels and locomotives. Due to the |
uncertainties for these nonroad engine source categories, especially the crucial tradeoff between controlljram itz
for particulates, only a NQeduction is credited to the new standards. Table V-2 summarizes the contyolS8t3C
identifier.

51



Table IV-2
New Technologies in Transportation
Controls Beyond the Baseline

SCCID

Technology Code 350 Description

trgpld
(2201001000,
2201060000)

trgpmt
(2201070000)

trdpld
(2230001000,
2230060000)

trdpmv
(2230070000)

trrail
(2285002000)

trmari
(2280002000)

travia
(22750120000,
2275050000)

Tier 2 emission control implemented in all States but California, beginning 2004;
ULEV penetration of new light-duty vehicle fleet begins 2001 at 5 percent, phasing
to 15 percent in 2005 and later except in California, where new vehicle share is 30
percent from 2004. Thus, in 2005 and later years, 7-State new vehicle share is 85
percent Tier 2, 15 percent ULEV; for California, 60 percent LEV, 30 percent ULEV,
10 percent ZEV. For those States with I/M, whether basic or enhanced (I/M 240) in
the baseline, stringency is increased (cut points lowered) after 2001.

Subject to I/M (all States except Wyoming) from 2001.

Tier 2 emission control implemented in all States but California, beginning 2004;
ULEYV penetration of new light-duty vehicle fleet begins 2001 at 5 percent, phasing
to 15 percent in 2005 and later except in California, where new vehicle share is 30
percent from 2004. Thus, in 2005 and later years, 7-State new vehicle share is 85
percent Tier 2, 15 percent ULEV; for California, 60 percent LEV, 30 percent ULEV,
10 percent ZEV. For those States with I/M, whether basic or enhanced (I/M 240) in
the baseline, stringency is increased (cut points lowered) after 2001.

Shift to units with lower average power rating, due to change in vehicular activity
pattern (i.e., more pickup/delivery missions).

Shift to higher-efficiency locomotives; full implementation of new source control on
37- kW and higher rated off-road engines on accelerated schedule beginning in
2002.

Full implementation of (proposed) diesel marine standards for new U.S.-registry
crafts, resulting in 37 percent NO, reduction per fuel unit.

No incremental control on general and commercial aviation; gradual shift to more
fuel-efficient commercial aircraft.
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IAS applies mobile source emission controfddrecastyear usig the information in the Control Options Effecti
(COEOQO) file. Emission reductions for the different foregastrs are appliedytusirg different technolgy identifiers (te
each forecastear. So for mobile sources, a tech_id of 301 represents the emission reductions associated with|i
composite technolyy controls for 2000, a tech_id of 302 represents emission reductions in 2010, while a tech_ir
emission reductions in 2020-2040. The latter assumption means that mobile source emission rates in the base
decline after 2020. Thus, the mobile source emission forecasts all show an upward trend in emissions after 20
continues to grow, and emission rates remain constant.

C. ACTIVITY GROWTH

Table IV-3 summarizes the source gaiy groupings used in IAS for mobile sources as well as the associatec
used to estimate chges in futureyear emission produagactivity. As Table IV-3 shows, there is not a one-to-one
between mobile source cgteies and REMI sectors. Tigeowth indicators applied in IAS for mobile sources aregi
avergyes of REMI sector actiwtindicators. For the importagasoline-powered ¢ht-duty vehicles and trucks cagery,
year growth indicator is a weighted average of population (67 percent) and income per capita (33 percent) inde
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Table IV-3

Mobile Source Growth Indicators

REMI

Scc_id SCC Description Sector Sector Description

travianc Commercial and General Aviation Aircraft 71 Weighted average of population and
income (50/50)

trdplduc Diesel Powered Light-Duty Cars/Trucks 66 Weighted average of population and
income per capita indexes (67/33)

trdpmvuc Diesel Powered Medium/Heavy Vehicles 68 Weighted average of all REMI sectors
except 13, 17, 24-8, 30-5, 38, 40, 44,
45, 48, 50-3

trgplduc Gasoline-Powered Light-Duty Cars/Trucks 66 Weighted average of population and
income per capita indexes (67/33)

trgpmtuc Gasoline-Powered Medium Trucks 67 Weighted average of all REMI sectors
except 13, 17, 24-8, 30-5, 38, 40, 44,
45, 48, 50-3

trmariuc Commercial Marine Vessels 70 Weighted average of REMI sectors 3,
4,12, 18, 19, 22, and 49

trmariuc Railroad Locomotives 69 Weighted average of all REMI sectors,

except 13, 17, 23-38, 40, 44, 45, 48,
50-3
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CHAPTER V
NONROAD ENGINES/VEHICLES

Nonroad sources are mobile (nomfhiay) emission sources includjiawn andgarden equipment, constructiont
agricultural equipment, industrial equipmentg@ing equipment, and recreational vehicles. Nonroajihes are ginific:
emitters of NQ, PM,,, and VOC. Diesel engines account for most of the &td PM, emissions, whilgasoline egine
most of the VOC. This chapter summarizes the IAS baseline and retrofit control options and costs for nginesad
engine/vehicle sources are represented in IAS via four source categories:

1. Large off-highway vehicle diesel (arnrdluc)
2. Small off-highway vehicle diesel (arnrdsuc)
3. Large off-highway vehicle gasoline (arnrgluc)
4. Small off-highway vehicle gasoline (arnrgsuc)

New Nonroad Spark Ignition (SI) Engines of 19kW or Less In May 1994, EPA issued a Notice of
Proposed Rulemakinon new nonroad S| gmes of 19 kW (25 hp) or less. The emission standards propgdelAar
expected to produce a 32 percent reduction in HC emissions by 2020, when full fleet turnover is expected. EP
approximateg) 16,525,000 new @nes to be siject to this rgulation in the firstyear of its implementation. This nun
represents about 19.4 percent of the in-use fleet of small Sl engines.

CARB has adopted standards for lawn gaden and nonroad utiitS| and compressiogrition (Cl) ergines of O
(0-25 hp). There is potential for other States to adopt the California standards, which are scheduled to become
EPA decides to approve a California "waiver" request under CAA §209(e). 4ltlsmech adoptions wouldeld certain
benefits, the probability of other States adopting the California standards is currently unclear.

California's rgulations for small S| egines are much more stgent than the Federal standards. California's H
in 1995-1998 are 55 percent more gent (8.99/kWh versus 16.84/kWh) than the national standard forgares less tk
cubic centimeters (cc), 6.6 percent more gémt (7.5 versus 113gtkWh) than the national standard foigaresgreate!
cc, and an avege of about 60 percent less than the national standards for hand held equipment. Based on this
that California's rgulations will reduce emissions from 1995-1998 approxima8lpercent compared to the rest of |

According to EPA estimates, the Federajukations will reduce HC emissions from thiggere class ¥ 20 percent
theyear before California's Phase Ipmations are scheduled to take effect. Since the HC standards are 60 perc
in California, it follows that HC emissions will be reducgdatout 32 percent in California in 1998 (60 percent mol
rest of the nation).

Phase Il of California's small nonroadyare regulations takes effect in 1999. Althgluthe rgulations vay accord
erngine type, the HC emission standards overall are about 85 percent less than the national HC emission stands
ergines. As a result, in 2020, when full fleet turnover is expected, HC emissions from this class should be redu
around 59 percent from the baseline, instead of the national average of 32 percent.

Phase Il of the Federalga@ations for small Sl agines is scheduled to be finalized in 1997 and the new emiss
should bein with the 1999 modetear egines (which coincides with Phase Il of California's standards discussed
these rgulations have not been proposed, there is noteaccuratgl prgect what the emissions standards will be.
assumed that Phase Il of the Federglilagions will ayain be 60 percent less sgant than Phase Il of the California ¢
a result, the Phase Il standards will reduce HC emissions about 43 percent from baseline in 2020.

Recreational Vehicles The HC emission standards for recreational vehicles in California are the same as ¢
standards for other small (< 25 hp) Sgees. As a result, it is assumed that the emission reduction pgeéntaecre
vehicles will be the same as the other small SI equipment standards.

EPA has proposedgalations for new Sldasoline) and CI (diesel) marinegémes. The maringasoline egine rey
propose to control emissions of nigem oxide (NO) and CO; those for diesels propose to control emissions of HE
and smoke. The schedule for progation is unclear. While thesegrdations will likely take effect before 2000, ANd
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their effect to be minimal before tlyear 2000. Therefore, for the purposes of the IAS, ANL assumes that teisg¢ia
begin to affect ambient air quality in the GCVTC region beginning in the year 2000.

Cl (Diesel) Engines Currenty, the Federal emission standards for all nonroad @hes of > 50 hp are identica
those established by the State of California. According to EPA, the per-engjmeductions (from baseline) expect
standards are 27 percent by 2010 and 37 percent by 2025. However, in 2001, Califorraaid R, standards for n
engines of175 hp are reduced by 16 percent and 60 percent, respectively.

In 1994, EPA issued a final rule on emissions of CO, HC,,AND,, and smoke from lge CI (diesel) egines. Tk
standards take effect in four phases, the firginmeng Januay 1, 1996, and the last iening Januay 1, 2000, accord
engine size (the full range of engine sizes affected by this rule is 50-750 hp).

EPA has also proposed a second phase of large (> 50 hp) nonroad engine standards for California beginn
(California is preemptedybFederal rgulations from rgulating nonroad egines between 50 and 175 hp). The new ¢
include a 4.0 grams per brake horsepower-hour (g/bhp-hysté@dard for all nonroad Cl and Sigares > 50 hp, a 42
reduction from current standards. EPA is also expected to implement a second phasginoECégemations nationwic
end of 1996. Because thesgulations have noget been proposed, it is impossible to estimate the level of emissi
expected from this program; however, ANL assumed in the spreadsheet calculations thatstiamdé@d will be ident
4.0 g/bhp-hr standard that EPA proposed for California. Since the PhasgdtaM@ard is 42 percent less (4.0 verse
hr) than the Phase | N@tandard, ANL assumes 42 percent greatey M@uctions nationwide (lgganing in 2002) than
estimated by EPA in its > 50 hp Cl engine rule.

PM,, Reductions CARB has estimated that California's > 175 hp Cl engine regulations will redugerRigsion
40 percent from baseling/12010 (5.5 tons per gdtpd] reduction out of 13.7 tpd baseline). The Fedegllagions fort
engine class have the same particulate matter standard. However, EPA did not claim,aagRitfons in its Cl egine
because it does not feel that the certification test cycle is adequate to predict reductiopdrionPiis class of egines
spreadsheet calculation of RMmissions, ANL assumed that R)dmissions will be reduced/0 percent from this ¢
nationally.

IAS Baseline Controls In the base year, EPA's Office of Mobile Sources (OMS) (which has primary regula
authority for nonroad egines) did not rgulate ary type of nonroad egine. The first nonroad emissionguéation ever:
that for lage nonroad diesel gmes, promujated June 17, 1994. Althglu some prior controls were in place in Calif
these sources, no controls for these engines are assumed in the base year.

EPA has proposedgelations for new Sidasoline) and CI (diesel) marinegames. The maringasoline egine reg
propose to control emissions of Nénd CO; those for diesels propose to control emissions of HC, COPNDand si
EPA issued its notice at 59 Fed.dRB5930 (Nov. 9, 1994); the schedule for progatibn is unclear. While thesegda
likely take effect before 2000, their effect is expected to be minimal befoyeah000. Therefore, thesguéations a
to take effect beginning in the year 2001.

In 1994, EPA issued a final rule on emissions of CO, HC, PM, &2l smoke from lge ClI (diesel) egines. The
standards take effect in four phases, the firgirimeng Januay 1, 1996, and the last iening Januay 1, 2000, accord
engine size (the full range of engine sizes affected by this rule is 50-750 hp). EPA estimates thatahaiié@ents f
standard will reduce average per-unit Nhissions from affected gimes ly 27 percent 2010, and ¥ 37 percent 2
Fed. Reg. 31306).

Development of a rule on small nonroad dieseirmmemissions is on EPA'sgatoly agenda, but no timetable i
set for that rulemaking.

EPA has proposedgelations for new Sldasoline) egines of 19 kW (25 hp) or less, which would control HC €
emissions from such gmes. EPA issued its notice at 59 FedgR&399 (Mg 16, 1994) and is under a court order
a final rule by May 30, 1995.

Retrofit. There are four area source gaiges for off-hghway vehicles in the IAS: |ge and small off-tghway die
ergines, and lage and small off-lghway gasoline egines. Initial research identified "reformulated fuel" as a poters
control option. Since fuels are alrgdueirg reformulated for on-lghway vehicles, this option had the benefit of little
beyond the incremental refinjcosts. ANL, however, was unable to obtain satisfgaarission control data for the
of ergines used off-lghway. There are too mardifferent ypes of egines beiig operated under considerghlifferenty
speed rages to be able to estimate the net control effectiveness of reformulated fuels. Another problem is the ¢
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inventoly of ergines ty ergine type, and of operat@activity by ergine type. Without such an invenigrit is very diffic
accuratef gauge the impact of reformulated fuels on emissions from thegieeshand activities. For these and othe:
retrofit technologies are applied to off-highway vehicles.

New Source Unlike all other area source cateies, these four share new and retrofit techgiebo For each of tt

source caigories, the new technaly was identified as advancedgame technolgy. Cost data were derived from EIg
documents.

Table V-1 lists the IAS nonroad gne control technolgies available to be applied to the four sourcegmates for
engines/vehicles. Controls reduce Nfnissions for diesel-fueledgnes, and ROG emissions fgasoline-fueled egir

three of the nonroad source @ges, the baseline control techngycapplied in 2000 and pend produces lower emi
than occur with the 1990 baseline technology.

Table V-2 lists nonroad engine/vehicle retirement rates. While there are no modeled retirements in 2000,
retirements of these engines occur beginning in 2010, and continue through the rest of the forecast horizon.
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Table V-1
Nonroad Engine/Vehicle Control Technologies

scc_id tech_id Pollutant Nominal CE*
arnrdluc 401 v NO, 0.6
Large Diesel 402 NO, 0.6
499 v v/ NO, 0.47
arnrdsuc 401 v NO, 0.6
Small Diesel 499 vV NO, 0.47
arnrgluc 401 v ROG 0.95
Large Gasoline 402 ROG 0.81
499 v v/ ROG 0.25
arnrgsuc 400 v ROG 1.00
Small Gasoline 401 ROG 0.46
402 ROG 0.39
499 v v/ ROG 0.32
NOTES: *Values listed are 1 minus the control efficiency expressed as a fraction.
v = Baseline Controls (in 2000-2040)
vV = New Source Technology
Table V-2
Nonroad Engine/Vehicle Retirement Rates
Projection Years
scc_id 1990 2000 2010 2020 2030 2040
arnrdluc 0 0 0.45 0.75 0.98 1.00
arnrdsuc 0 0 0.45 0.75 0.98 1.00
arnrgluc 0 0 0.40 0.70 0.95 1.00
arnrgsuc 0 0 0.69 0.89 0.98 1.00
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CHAPTER VI
AREA SOURCES

The area source sector contains a disparatgp of source catpries. Area sources wawidely in the nature of th
emissions (some a@jinating from manufactured equipment and others fgatgenic conditions), and the gee to whit
emissions are controllable. The nature and extent of the regulations affecting area source emissions are corre
indigenous.

While a few area source cgtgies are rgulated at the Federal level, most argutated ly State and local air pollt
control ggencies, and a few are not dirgatégulated at all. Also, some area souraguiations include specific quantit
requirements for emission levels and equipment types, while others prescribe only qualitative control measure:

This section describes thegtdatoly requirements that appto each of the area source gatges included in the I
pollutant for theyears 1990-2000. This section also addresses the correspondence betweggitatbe/ requirements
controls prescribed for area source categories.

A. PAVED AND UNPAVED ROADS

EPA does not gulate fugitive particulate emissions from paved or unpaved roads. States andgEziea exerc
regulatory authoriy over such sources, and thgukations that thg have developed wagreatl. Emission limits for th
type are typically only found in P)Mnonattainment areas. EPA has provided guidance to State and local agenci
recommended ("best available") control measures for particulates from paved and unpaved roads (EPA, 1992)
emissions-basedgelatory requirements have been identified iry @urisdiction in the stugiregion. The following disa.
characterizes the road regulations that do apply in this area.

State and local galations for fgitive dust emissions from roadgpically apply to commercial/industrial roads, &
the control measures to be emydd rather than the control rates to be achieved. Road dukitiens vey rarely conta
guantitative requirements, other than opaliihits, which aregeneraly set at 20 percent opagit Even EPA'guidance
which provides "example SIP language for reduction of public paved road surface contaminants," containsqura
prohibitions and control action requirements urgieen dust-promotig conditions (EPA, 1988). Future clyas in the
nature of road dust regulations are uncertain.

ANL identified several stratgges for controllig fugitive road dust that are in current practice in the western St
control stratgies common} used, sweepiis most widey and rgularly used ly States and municipalities for paved:
control. For unpaved roads, asphalt pg\appears to be most common, altiothe cost of pavipgeneraly restricts t
of road miles that are paved ea@ar. Unpaved road dust is also controlled with chemical suppressantsjaltiteuvi
public works staffs at several western municipalities indicate relatmetest use of this control strgyein the stugt re

1. Paved Road Controls

Controls for paved roads apply primarily to Rdnd PM ., which are the mjar pollutants of concern for this cgt
Due to the difficuly in finding comprehensive cost and effectiveness datg, tard options were developed, altighuot
options could be added when more resources become available. These are mechanical broayrasd/gsyie, flush
30 meters adjacent to unpaved roads.

The mechanical broom sweegiaption is a prgram to sweep all rural and urban local roads and urban minor
weekly basis. Currengl only streets in metropolitan areas are swept withfesgueng, but this option both extends ¢
programs to rural areas and increases sweeping frequency.

The second control option considered is to pave a 30 meter "apron" where unpaved roads intersect paved
apron reduces the quantitf dust carried onto the paved road, where it is subseguepthitrained Y passiig vehicles. T
option also assumes that these intersections are watered down and swept griogentlave accumulated dust. Thit
waterirng and sweepig provision contributes ghificantly to this option's lgh cost; however, this option wasgrially d
be applied to industrial and/or construction sites.
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2. Unpaved Road Controls

As with paved roads, PMand PM ; are the dominant pollutants of concern. The pryntantrol measure consid
appling hot asphalt pavipto all unpaved roads. Chemical dust suppressants were considered as an alternativg
insufficient data prevented the option from lggincluded in the ygstem. The pavimoption assumes that the road wi
coarse and fingraded prior to pavig, and that a 2 inch binder course will be laid down under a 1 inch \weanmse. T
was assumed to last 20 years, rather than the usual 5 years, due to a more favorable climate.

Once the roads are paved, of course, additional particulate conyrden@hieved thral a sweepig program. Th
a paving and sweeping option was developed as a second control option for unpaved roads.

It is difficult to identify upcomirg regulations, or other factors, affecgjemissions from paved and unpaved rod
requirements for roads are imposgdState and localgencies throgh the permittig process, and oyffor roads (ypica
unpaved) at commercial operations. In such cases, as well as in implgneentiols for public roads, permitgragenc
broad discretion in requirgfexercisirg control measures: thus, road dust controls are extyaraghble and site spea
addition, the permit provisions for commercial rogdaeraly contain qualitative requirements for control measures
specily levels of particulate reductions required (other than opéniits, whichgeneraly prohibit exceedances of 20r
opacity). No controls are assumed in the base year and no additional regulatory requirements beyond 2000.

3. Retrofit Controls

Paved Road Dust Two retrofit control options are available to be applied to reduce paved road dust in the
paving, sweepig, and flushiig adacent unpaved areas; and gssweepers. The selection of these controls was drt
information obtained from interviews with public works staff at several Western municipalities, arguEilaAce doco
Cost information was also obtained from these sources. dutat®mns have been identified that require controls on
paved or unpaved roads. All road dugfutations currenyf in effect impose oglopaciy limits on road-omginating emis

Sweepers (Mechanical Broom)

The sweeper cost data were taken from a report titled "Strategic Street Sweeping Study," which was prepe
Coachella Vallg Association of Government and supplied to ANLam anafst with the California South Coast Air €
Management District (SCAQMD). This document provides annual @eecasts per curb-mile for street sweepim8 s
California cities, but thgear is not known. Costs are assumed to be 1990 dollars. It is assumed that these cod
and O&M, and that oglone pass is made. The nominal cost was assumed to be tlgeafaath values presented. T
is the minimum cost presented, and thghtdost is the maximum. It was assumed that sweepers would make 2 p
mile, one for each side of the road, and it was assumed that an anguatpnould require swee@i5 times peyear
a control efficieng of 25 percent. Furthermore, it is also assumed that low ghceficiencies are 80 percent and k
the nominal values, respectively.

Average sweeper cost ($/mile): 21.05

Nominal annual sweeper cost ($/mile): 2*45*21.05 = 1894.32
Low annual sweeper cost ($/mile) = 2*45*16.50 = 1485.00
High annual sweeper cost ($/mile) = 2*45*37.90 = 3411.00

Pave, Flush, and Sweep Adjacent Unpaved Areas

The "pave, flush, and sweep adjacent unpaved areas" (PFS) control measure was originally intended to be
construction sites, especialivhere trucks and hegequipment would igularly carry dirt and silt onto g@cent paved |
the PFS control measure, a 30 meter apron is applied to an unpaved road where it intersects a paved road. Id
aprons are applied for eyet0 miles of paved road. It was further assumed that dust from these intersections at
percent of all PM and PM emissions from paved roads, so the 71 percent control efficienre was apisted down\s
reflect the lesser covega. The apron costs presented below were taken from EPA (1992). The EPA document
in $1991, so these were converted to $1990.

Conversion factor from $1991 to $1990: 0.96

Nominal PFS capital cost ($1991 each): 1550.00
Nominal PFS capital cost ($1990/mile): 0.96*1550.00*2/10 = 297.58
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Since the PFS techna@p will only be applied after the sweepgitechnol@y, costs for the two technajees must b
It is assumed that the sweepitcomponent of the PFS techngjois nagligible, so that the PFS and sweepd&M costs
added. Thus, PFS capital, PFS O&M, and sweppasts are summed ¢get total PFS costs. Furthermore, it is assu
low and high PFS costs are 80 percent and 120 percent of the nominal PFS value, respectively.

Nominal PFS O&M cost ($1991 each): 5351.00

Nominal PFS O&M cost ($1990/mile): 0.96*5351.00*2/10 = 1027.32

Adjusted nominal PFS O&M costs ($1990/mile): 1027.32 + 1894.32 = 2921.64
Adjusted low PFS O&M costs ($1990/mile): 0.80*2921.64 = 2337.31

Adjusted nominal PFS O&M costs ($1990/mile): 1.20*2921.64 = 3505.97

PES Efficiency Calculation

The reported PFS control efficignis 71 percent. But the control, as it is applied in the IAS, comes after a st
program has alreadbeen implemented. This means that the control effigiemest be agisted for (1) the assumed 5
penetration of road dust from intersections and (2) the 25 percent reduction in dust due to thg gnaeepm alreasg i

Control efficiency: 71 percent

Nominal control efficiency: 5 percent * 71 percent = 4 percent

Nominal PFS efficiency: 25 percent + 4 percent - (25 percent * 4 percent) = 28 percent
Low PFS efficiency: 0.80*28 percent = 22 percent

High PFS efficiency: 1.20*28 percent = 33 percent

Unpaved Road Dust Two retrofit controls were developed for unpaved road dust emissions: hot asphait
paving followed by sweepig. These are described below. A third option, chemical suppressants, was assesset
application rate and cost data could not be obtained and the option was dropped from consideration. The cont
for unpaved roads utilized the same information sources as did paved road dust. As with paved road dust, no
requirements exist to drive the selection of these controls.

Hot Asphalt Paving

The hot asphalt paving cost data were taken from the @@8is Heavy Construction Coseport. This report is
used by contractors to estimate the costs for various construction projects, so it requires some knowledge of c
techniques. The capital costs arise from bugdire road, whereas the O&M costs arise from maintgiihinA mile of r
assumed to be 24 feet across for paved lanes (1 eg¢h @apital costs include the costgjtade sulgrade, finegradeg
base, pave 2 inch binder course, pave 1 inch wggaaarse, and paint 4 inch centerline and side strips. The O&Mi
only resealig 1/2 inch cracks (i.e., no resurfagiar pothole repair). A suryeof the literature sygests that roads hav
lifetime. Due to more favorable weather conditions in the southwest, and fewer vehicle miles traveled (VMT) o
roads, these roads are assumed to lagedfs. The cost to replace roads built before 2020 have not been estimd
provided are liket to underestimate the true "lifetime" pagioosts. All costs include capital, operatioverhead, and
are in 1993 dollars. The costs are then adjusted to 1990 dollars.

Paving capital cost ($1993/mile): 91361.60

Conversion for $1993 to $1990: 0.91

Nominal paving capital cost ($1990/mile): 0.91*91361.60 = 83056.00
Low paving capital cost ($1990/mile): 0.80*83056.00 = 66444.80
High paving capital cost ($1990/mile): 1.20*83056.00 = 99667.20

Seal cracks ($1993/mile) = 2500.00

Nominal paving O&M ($1990/mile) = 0.91*2500.00 = 2272.73
Low paving O&M ($1990/mile) = 0.80*2272.73 = 1818.18
High paving O&M ($1990/mile) = 1.20*2272.73 = 2727.27

Pave Then Sweep

The "pave then sweep" (PS) control techggloombines costs from the sweeptechnolgy in the paved roads «
the hot asphalt pavincontrol technolgy presented above. The sweegpiechnol@y has no capital costs, so the PS
has the same capital costs as hot asphalt gavihe O&M costs were simpladded tgether. The PS control efficien
multiplicatively combined to account for the reductions due to paving.
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Mileage Estimates

Control strategies for paved and unpaved roads were applied to mileage estimates for the region obtained
Department of Transportation (DOT)ghiway statistics (DOT, 1990). Table VI-1 identifies mieaof unpaved roads
States of the g@on. These are predominantural local roads, but includegsiificant contributions from rural collecte
roads. These milge estimates were diggregated to IAS rgions usimg regional totals of particulate matter emissior
unpaved roads in the 1990 emissions inventdrable VI-2 identifies milege of paved roads in the twelve States of
For sweepig programs, it was assumed that rural local roads and urban minor and local roads would be candid
sweepimg programs. Mileges for these roadwdunctional classes were used in the gsial Again, regional estimates
obtained ly disaggregating on the basis of gional totals of particulate emissions from paved roads. For both pave
roads, the resultqymileage estimates were used as the num_src variable for the appropriate arpvrduc and arupv
categories.

4. New Source Controls

Paved Road Dust No new source control options were identified for paved roads, as new paved road emis
generaly extremey low. Sweepig as a retrofit option is expected to be used after the establishment of new roae
have been identified that require controls on road dust from new paved roads. All roadudasgons currentl in effec
only opaciy limits on road-owjinating emissions. The selection of retrofit controls, and the decision not to select
controls for paved roads, was driven by information obtained from interviews with public works staff at several |
municipalities, and EPA guidance documents.
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Table VI-1

Mileages of Unpaved Roads in the Region

Unpaved Roads (miles)

Rural Rural Total Total Paved Total
State Local Collector Urban Unpaved Roads (miles)  Roads (miles)
Arizona 18,412 2,044 873 21,329 30,283 51,612
California 27,821 1,767 2,622 32,210 131,364 163,574
Colorado 38,860 8,861 544 48,265 29,415 77,680
Idaho 40,868 3,516 113 44,497 17,938 62,435
Montana 43,256 11,377 253 54,886 16,501 71,387
Nevada 32,999 1,325 594 34,918 10,606 45,524
New Mexico 36,609 489 1,125 38,223 16,513 54,736
Oregon 54,795 3,951 713 59,459 35,510 94,969
Texas 114,115 63 12,191 126,369 179,582 305,951
Utah 23,481 3,336 165 26,982 16,262 43,244
Washington 35,912 1,666 721 38,299 43,00 81,299
Wyoming 21,705 6,026 315 28,046 11,167 39,213

SOURCE: Highway Statistics 1990, FHWA-PL-91-003, DOT, Federal Highway Administration, Tables HM-20, HM-51,

and HM-67.
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Table VI-2
Mileages of Paved Roads in the Region

Paved Roads (miles)

Rural Urban Rural Urban
Major Minor Minor Local Local Total Paved Total
State Highyays  Roads” Roads"” Roads Roads  Roads (miles) Roads (miles)
Arizona 3,238 6,959 2,572 7,464 10,060 30,283 51,612
California 12,535 27,641 16,028 28,075 47,085 131,364 163,574
Colorado 3,936 12,453 2,215 3,540 7,271 29,415 77,680
Idaho 2,437 6,201 778 7,243 1,279 17,938 62,435
Montana 3,464 7,867 429 3,370 1,371 16,501 71,387
Nevada 1,362 4,636 773 2,372 1,463 10,606 45,524
New Mexico 2,838 8,378 610 1,480 3,207 16,513 54,736
Oregon 3,603 15,486 1,988 9,476 4,957 35,510 94,969
Texas 15,902 63,313 12,412 29,499 58,456 179,582 305,951
Utah 1,880 5,857 903 3,522 4,100 16,262 43,244
Washington 4,006 14,940 3,470 10,206 10,378 43,000 81,299
Wyoming 2,106 6,010 511 1,634 906 11,167 39,213
NOTES: Interstates, freeways, expressways, and other principal arterial roads. Not amenable to frequent sweeping.
"Minor arterial roads and collector roads. Possibly amenable to frequent sweeping.
SOURCE: Highway Statistics 1990, FHWA-PL-91-003, DOT, Federal Highway Administration, Tables HM-20, HM-51,

and HM-67.
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Unpaved Road Dust ANL determined that new unpaved road sources are extremely rare. In cases where
roads are newlcreated, the most effective control option would be to immegligtate the roads, which would caust
to be catgorized not as unpaved roads, but paved ones. In IAS, unpaved roagkftridee| remains constant from 1!
2040 (no growth factor is applied).

B. LIVESTOCK

Although some patrticulate controls were in place for feedlots in the 199F&asdittle or no data exist that indi
types of control, level of control, or control costs. Alsg; eontrols that were in place were requirgdrmividual sour:
under State and local law, and thus were site-specific. No Federal emissions control requirements arencplaeat
for livestock operations, althgh ANL expects some increase in level of control in thisgoayethrough permittirg or
State or local rgulations ly theyear 2000. However, becausey amcreases in control are expected to be site-spect
pervasive throghout the rgion, ANL assumed chaes in control for this source cgtey to be insgnificant between 1
2000.

The SCAQMD of California has established a three-phagéai®iy program for air emissions from livestock op
Other State and gelatory agencies mg adopt these requirements after 2000, but the data from southern Californ
not apply. Therefore, this program was used as the control option for southern California, but not elsewhere.

C. RESIDENTIAL WOOD COMBUSTION (RWC)

Emissions from RWC were controlled for the first time around 1986 when some western State and local e
agencies began to impose grams per hour (g/hr) PM limits on new StbvEsbruay 1988, EPA promugated a two-p
NSPS for RWC,which limited PM emissions from stoves manufacturegiriveng July 1988, or sold kginning July 19
second, more strgent phase tgan in 1990 and 1992, respectiyeior stove manufacture and sale. Itis estimated t
of stoves that were sold gebt to State igulation, but prior to the EPA standards (between 1986 agdl98B), was re
small. For purposes of the IAS, ANL assumed that the EB#atons affected the wood stove market immedyefiell
(but not in) the base year.

An additional rgulatory phase (Phase Ill) has been establishethé State of Washgton at a level of 2.5/hr PM1
catalyst-equipped units and 4.5 g/hr PM for non-catalyst-equipped uRiits.standard applies to all RWC units sold
of Washirgton after Janugrl, 1995. Phase Il is unique to Wagiton, and before 2000, it is not expected to havej
on air quality in the GCVTC region. However, ANL has assumed in the IAS that other western State and local
(particularly those with nonattainment concerns) will adopt Phase Il in the nextdases and, therefore, that Phasen
air quality in the years 2000-2040.

RWC is one of the few area source gatées for which EPA has issued NSPS. However, in contrast with mo
EPA has delgated vey little implementation of the RWC standard to the States. Table VI-3 summarizes the red
implementation schedule of the RWC NSPS.

ANL identified control options for the IAS that correspond to the advanced-tegysitoves that are required ik
the State of Washgton's r@ulations. These control options involve replacement and retirement of gstsiues, and
three main types of residential wood-burning technologies: conventional units, "Phase II" units, and pellet stov

®Between 1986 and 1988, additional western State and lgeatias adpted the emissions gairements for new stoves. Thew
drove the mpority of manufacturers out of businegsipr to 1986, there were over 500 wood stove manufacturers; afilemirantat
standards, ogl40 remained. The standards also caused a rise in residential wood combusfiocesnitreatig a disincentive for
owners to replace their stoves; sales declined briefly as a result.

53 Fed. Reg. 5873 (Feb. 26, 1988)dified at 40C.F.R. 60 Subpart AAA.

®EPA has found RWC devices to be one of the largest sources of anthropoggyeoni®dions in the countrand estimated the
wood heaters emitted 2.7 million tons of BMU.S. EPAGuidance Document for Residential Wood Combustion Emission
Measureg EPA-450/2-89-015)(1989).

*Washington Clean Air Act, § 70.94.457(1)(a).
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Emissions from RWC were controlled for the first time around 1986, when some western State agerocd b
imposeg/hr PM limits on new stoves. In Febrya988, EPA promugated a two-phase NSPS for RWC (53 Fed). €
which limited PM emissions from stoves manufacturegiriveng July 1988, or sold bginning July 1990. A second,
stringent phase lgan in 1990 and 1992, respectiyefior stove manufacture and sale. It is estimated that the numtk
were sold suject to State igulation but prior to the EPA standards (between 1986 aydL988) was relativglsmall. E
we are uncertain of the assumptions used in the Radian data base, we will assume that thad&PAsaffected the:
market immediatgi following the basgear. The lagestgrowth in the indusir in recentyears has been gas-fired sto
however (Crouch, 1995). Thegidations did not address retrofits of exigtumits. Existig units are rgulated ony by
local programs for RWC emissions curtailment and for accelerated phase-outs of conventional stoves.

Retrofit. No retrofit controls were identified for RWC units, for two reasons: first, discussions with wood st
officials and retailers indicated that retrofits to exigtimits are extremglrare; second, more cost-effective controls
achieved throgh retirement and replacement, which is noyanbre common, but is required under EPA's recent N

New Source In Februay 1988, EPA promgated a two-phase NSPS for RWC, which limited PM emissions f
manufactured kgnning July 1988, or sold bginning July 1990. A second, more stgent phase gan in 1990 and 19
respective}, for stove manufacture and sale. ANL's selected control options for RWC units reflects the tgotepli
the NSPS: the new source control is replacement of conventional stoves with certified stoves. Certified stoves
technology stoves that have been certified by EPA to meet the lower standards.
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Table VI-3
Summary of NSPS Particulate Emission Limits for Residential Wood Stoves é

Emissions Must not Exceed

Date of Manufacture/Sale Control Equipment® a Weighted Average of...
Phase I: Manufactured after June 30, 1988  Catalytic combustor 5.5 g/hr PM
(or sold at retail after June 30, 1990)
No catalytic combustor 8.5 g/hr PM
Phase II: Manufactured after June 30, 1990  Catalytic combustor 4.1 g/hr PM
(or sold at retail after June 30, 1992)
No catalytic combustor 7.5 g/hr PM

NOTES: ®SOURCE: 53 Fed. Reg 5873 (Feb. 26, 1988), codified at 40 C.F.R. 60, Subpart AAA.
®The lower emission rate for stoves equipped with catalytic combustors is driven by the fact that emissions from
combustors increase over time and then level off. That is, with use of combustor-equipped stoves, their emission
rates will more closely approximate those of non-combustor equipped stoves. It is estimated that the "leveling-off
period" takes 2-5 years, depending both on equipment and use. RWC units have an average lifetime of 7-15 years,
again depending on equipment and use.
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(Two additional clean-technajy stoves, Phase Il stoves and pellet stoves, could achievgreatar reductions than
with certified stoves. However, ANL did not include these options in IAS because cost information was unavalil

D. OPEN BURNING

Open burnig of waste iggeneraly defined as combustion of material whose emissions are not directeghtlaréiu
stack or chimng). Most State and localgelations prohibit such burngn but allow exemptions from trgeneral prohit
Exemptionsypically include burnig for recreational, ceremonial, and educational purposes, gwhhousehold was
of low population densyt and certainytpes of gricultural burnirg. There are currentino Federal rgulations restrictig
burning.

Estimates of 1990 emissions for the IAS are developed from the GCVTC invehtowever, it is not clear whiat
burning activities are represented. In the absence of information about the iyyéidbrassumed the marity of open
emissions to be from residential sources. ANL has assumed langldiichreplacement witlias barbecues to be con
for open burnig emissions. It is unclear to what extent land fijlof waste is required, particulgrin rural areas. ANI
determined that disposal service is available inywaral areas, alth@h it is used to a much lesser extent than in u
only regulatoly jurisdiction that rgulates barbecue emissions is the SCAQMD. This is not expected geadhahe 19
period.

1990-2000 Modeling Open burnig is regulated at the State and local level; permitagencies have broad disc
in selectig open burnig activities thg allow. Open burnig regulations ypically contain ageneric prohibition, but pw
exemptions for certain specific activities (such as recreational or ceremonialgpuriiie site-specific nature of oper
regulation has constrained the abyjlaf this stug to identify charges in all State and local burgiprograms between I
2000. As aresulfo controls are assumed in that period

Retrofit. No retrofit controls were identified for open bumiior which cost information could also be develop
retrofit option that was inveggated was the landfillig of waste that is curreptburned. After extensive interviews w
waste companies andgdatory agencies, ANL could not derive a reliable cost estimate for this control option, pali
net-tons-of-emissions-reduced basis.

New Source New source controls were considered to be inappropriate for the opergmaowmioe caigory, as ope
burning is typically unregulated, and new sources of open burning are typically not identified.

E. WILDFIRES

Although wildfire emissions are anthrogenic to some dgee, thg are driven i natural conditions to greater ex
are the emissions of gwther area source cg®y, with the exceptions a@jeagenic and bigenic sources. As such, cc
control measures are tgaly inappropriate. Nonetheless, preventive controls (such as fuel removal) agadiveitcontri
immediate fire suppression) are expligilddressed in the wildfire policies of the National Park Service (NPS) ant
Service (USFS).

Any charges in USFS or NPS wildfire/prescribed bupolicies after the bageear would be assumed to affect
in the period 1990-2000. That information has been unavailable to date.

Retrofit. The ony retrofit control used for wildfire emissions was prescribed bgrnirhis control option was se
based on discussions with Peter Lahm and Albion Carlson. No cost or control effd@aavere developed for this

F. LANDFILLS

Federal ReqgulationPrior to the Clean Air Act Amendments of 1990, air emissions from landfills weregudbd tiex
Federal level. In My 1991, the EPA issued a proposed rule for lirgibrganic emissions from new and exigtimunic
waste (MSW) landfills? In it, EPA proposed to establish both NSPS for certain new landfillgyuadelines for contro
emissions from exist;mMSW landfills. EPA has not issued a final rule, but expects to do sognsf@995. No inforr
available from EPA on the likglcontent of the final rule. Thus, ANL has relied on EPA'y 891 proposal to estine

%Fed. Rg. 24468 (Ma 30, 1991 ). EPA’'groposal served to iplement § 111(b) of the Clean Air Act and was based on ar
the Administrator that emissions from MSW landfills "causesgmifitantly contributes to aipollution which mg reasonalyl be at
endanger public health or welfare.” The Clean Air Act § 111(b)(I)(A), 42 U.S.C. § 741 I(b)(1)(A).
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of landfill controls bgond the basgear. In the future, it will be valuable to confirm and/or revise thegdat®ry assur
increase confidence in the data generated by the IAS.

The magor provisions of EPA's proposals for new and exiskamdfills were identical. Both pgpams would requil
landfills emitting greater than 167 ypof non-methane ganic compounds (NMOC) to be equipped vg#s collection ¥
and to combust the capturgdses, with or without engy recovey. Requirements for existriandfills would appy reg:
whether the landfill was active (still accemiwaste or havig remainirg capaciy) or closed (neither accepginvaste nc
remainirg capaciy). This aspect of EPA'sgelation reflects a unique characteristic of landfill as a sourcgagtethe
to emit everafterthey are retired from use. Ragmizing this fact, ANL has assumed in the IAS that exgtandfills wil
subject to retirement.

For MSW landfills emittiig less than 167 {p the rule would not require collection and control equipment to be
However, States have the discretion to impose morgstrimequirements, includycontrols on Federallexempted la
they find such controls necessary to their ozone attainment demonstrations.

Controls RequiredEPA's Mg 1991 proposal relied on the use of active collectymtesns and open flares for ct
landfill gas emissions. These techrgés are commoglused at landfills nationwide and have beengteged ly EPA:
demonstrated technology¥EPA allowed alternative control technologies to be employed, but only if they could be
demonstrated to achieve 98 percent destruction of all captured landfill gas.

In 1991, EPA proposed threggugatoty alternatives, which differed in applicabyliaccordim to the annual NMOG
rates of MSW landfills. The number of MSW landfills affectgdlie rule, therefore, depends on which of the thrge
alternatives is adopted in the final rule. Inits 1991 proposal, EPA estimated the impact of each of its three alte
and existing MSW landfills; this information is summarized in Tables VI-4 and¥I&ased on EPA's proposed rule
used off gas capture and treatment as a control strategy for new and retrofit landfill applications.

Retrofit and New Source As discussed above, EPA has proposgdlagions for emissions from MSW landfill$
existingandnewlandfills that emit over 167 ypof NMOC, the rule would require installation of gdfs capture and tre
systems of at least 98 percent efficiency for NMOC.

Based on EPA's proposal and interviews with EPA staff, ANL has useghSathpture and treatment" as both a
retrofit control for landfill emissions. Suclkstems are assumed to achieve 98 percent control of NMOC (ROG) €
data were obtained principally from EPA guidance documents.

G. CONSUMER AND COMMERCIAL SOLVENTS

Area source VOC emissions from solvent use, and their fgtareth and control are simulated in IAS thgbuthres
categories, or scc_ids. These three area source categories are listed below.

1. Miscellaneous commercial solvent use with unknown control (arcsoluc)
2. Miscellaneous consumer solvent use with unknown control (arrsoluc)
3. Architectural surface coating with unknown control (arsarcuc)

Retrofit and New Source There are three area source gattes for solvents in the IAS: miscellaneous comna
solvents, miscellaneous consumer solvents, and architectural surfacgcoB#A has proposedgidations for these !
to be phased in lgeaning 1997, with additional phases to be implemented in 1999, 2001, and 2003. The progusi
would require newly manufactured solvents and coatings to have VOC levels reduced by 25 percent.

According to EPA's proposal, ANL has ugetbrmulated productas a generic control option for these source
categories. Because solvents cannot be retrofitted in a traditional sense, and will be replagezhge alue to the nev
ANL has not asgned retrofit controls for these source gatées. However, the attrition rate for exisgfifpre-rgulated
products has been specified in the LBF file, based on EPA's proposed requirements and ANL interviews with E

“The information in these tables was derived whisttm 56 Fed. Rg 24468. Elaboration on these numbers, as well as coe
estimates can be found in that document.
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Table VI-4
Effect of Proposed Federal Regulatory Alternatives on Existing MSW Landfills

Regulatory Emission Rate Landfills Million Megagrams (Mg) Percent NMOC
Alternative Cutoff NMOC/year Affected = NMOC Emission Reduction Reduction

1 25 Mg (28 tpy) 1,884 13 92
150 Mg (167 tpy) 621 10.6 79
250 Mg (278 tpy) 386 9.6 71
Table VI-5
Effect of Proposed Federal Regulatory Alternatives on New MSW Landfills é

Regulatory Emission Rate Landfills Million Mg NMOC Percent NMOC

Alternative Cutoff NMOC/year  Affected Emission Reduction Reduction
25 Mg (28 tpy) 247 0.99 90
150 Mg (167 tpy) 87 0.76 69
250 Mg (278 tpy) 41 0.63 57

NOTE: *New landfills were considered to be those constructed and opened within five years of issuance of the NSPS

(estimated as 1992-1997); these new landfills were assumed to replace existing landfills in that period.
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The SCAQMD in 1991 establishedyaneral requirement that architectural coggisold and applied in the Distrit
no greater than 250 grams of VOCs per liter (2.08 Ibs per gallon) of coating; some exemptions were provided (
Regulations of the South Coast Mayeanent District, Rule 1113). Thisg@ation will generate measurable VOC em
reductions in the South Coast area after the Ypaae however, it is unclear to what extent other western air yagétx
adopt rgulations that resemble, or are identical to, those of South Coast. For lack of information gudatibnelty adc
agencies, it has been assumed that the South Cgagatiens will not be adoptedylother States in the 1990-2000 pe
future refinements to the IAS, it will be useful to incorporate such regulatory developments.
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APPENDIX A
LIST OF IAS REGIONS







Table A-1

IAS Regions

Region_id Region Description Region_id Region Description
1 Washington W 43 AZ - Navajo Co
2 Washington E 44 AZ - Apache Co
3 Idaho NW 45 AZ - South Eastern
4 Montana 46 AZ - Southern
5 Oregon W 47 AZ - Cochise Co
6 Oregon E 50 CO - Moffat Co
7 Idaho SE 51 CO - North Central
8 WY - Lincoln Co. 52 CO - Larimer Co
9 Wyoming 53 CO - North Eastern
10 CA - Northern 54 CO - Denver Co
11 CA - Bay 55 CO - Mesa Co
12 CA - Central 56 CO - Montrose Co
13 CA - Bakersfield 57 CO - South Western
14 CA-LA 58 CO - South Eastern
15 CA - South East 59 CO - Las Animas Co
16 CA - San Diego 60 NM - San Juan Co
20 NV - Northern 61 NM - North Western
21 NV - Central 62 NM - Central West
22 NV - Clark Co 63 NM - North East
30 UT - ID Border 64 NM - South West
31 UT - Northern 65 NM - South East
32 UT - Salt Lake Co 70 TX - El Paso
33 UT - Utah Co 71 TX - West
34 UT - Central 72 TX - North
35 UT - Millard Co 73 TX - Central West
36 UT - Emery Co 90 TX - Eastern
37 UT - South Western 91 Canada
38 UT - South Eastern 92 Mexico
40 AZ - North Western 93 Mexico-Cananea
41 AZ - South Western 94 Mexico-Nacozari
42 AZ - Cococino Co 95 Mexico-Carbone

A-1



Table A-2

IAS Source Group Matchings to REMI Sectors

REMI
Scc_id Scc_desc Sector REMI Sector Name
aicobouc Bituminous & Pulverized Coal Boilers 61 See footnotes
aigaspuc All Gasoline Processes 29 Communication
aingbouc Natural Gas, Total: Boilers & IC Engine 62 See footnotes
ainrdluc Off-Highway Vehicle Diesel, Ind. Equip. 54 Weighted average sectors 1-30
aiogp2uc Oil & Gas Production, Petroleum 22 Mining
aiogpruc Oil & Gas Production, Petroleum 22 Mining
aioibouc Distillate Oil, Total: Boilers & IC 63 See footnotes
aipetruc Petroleum Refineries: General 19 Petroleum and coal products
aisolvuc Industrial Solvents 54 Weighted average sectors 1-30
aragpruc Agricultural Production - Livestock 53 Farm
arbioguc Natural Sources Biogenic 58 Constant over time
arcsoluc Misc. Commercial Solvent Use 55 Weighted average sectors 31-48
argeoguc Natural Sources Geogenic 58 Constant over time
arlfiluc Landfills 56 Population index adjusted for income
armisanc Miscellaneous Area Source 58 Constant over time
arnrdluc Large Off-HWY Vehicle Diesel 55 Weighted average sectors 31-48
arnrdsuc Small Off-HWY Vehicle Diesel 55 Weighted average sectors 31-48
arnrgluc Large Off-HWY Vehicle Gasoline 56 Population index adjusted for income
arnrgsuc Small Off-HWY Vehicle Gasoline 56 Population index adjusted for income
arobrnuc Open Burning 59 Population index
arothrnc Other Area Sources 58 Constant over time
arpvrduc Paved Road Dust 57 Based on VMT, population index
arrsoluc Misc. Consumer Solvent Use 56 Population index adjusted for income
arrwoduc Residential Wood Combustion 56 Population index adjusted for income
arsarcuc Architectural Surface Coating 56 Population index adjusted for income
arupvduc Unpaved Road Dust 57 Based on VMT, population index
arwfiruc Wildfires 58 Constant over time
inagpepm Industrial All Gasoline Processes 19 Petroleum and coal products
inagpeuc Industrial All Gasoline Processes 19 Petroleum and coal products
inchemnx Industrial Chemicals and Allied Products 18 Chemical and allied products
inchemuc Industrial Chemicals and Allied Products 18 Chemical and allied products
incobonx Industrial Coal Boilers 61 See footnotes
incobopm Industrial Coal Boilers 61 See footnotes
incobouc Industrial Coal Boilers 61 See footnotes
incop2pm Industrial Copper Smelters - Fugitive 4 Primary metal industries
incop2uc Industrial Copper Smelters - Fugitive 4 Primary metal industries
incoppnx Industrial Copper Smelters - Captured 4 Primary metal industries
incopppm Industrial Copper Smelters - Captured 4 Primary metal industries
incoppuc Industrial Copper Smelters - Captured 4 Primary metal industries
ingsprpm Industrial Gas Production 22 Mining
ingspruc Industrial Gas Production 22 Mining
inngbonx Industrial Natural Gas Boilers 62 See footnotes
inngbopm Industrial Natural Gas Boilers 62 See footnotes
inngbouc Industrial Natural Gas Boilers 62 See footnotes
inngcmnx Industrial Natural Gas Production, Compressors 22 Mining
inngcmpm Industrial Natural Gas Production, Compressors 22 Mining
inngcmuc Industrial Natural Gas Production, Compressors 22 Mining
inngflpm Industrial Natural Gas Production, Flare 22 Mining
inngfluc Industrial Natural Gas Production, Flares 22 Mining
inngrenx Industrial Natural Gas Reciprocating 62 See footnotes
inngrepm Industrial Natural Gas Reciprocating 62 See footnotes
inngreuc Industrial Natural Gas Reciprocating 62 See footnotes
inngswpm Industrial Natural Gas Production, Gas Sweeting 22 Mining
inngswuc Industrial Natural Gas Production, Gas Sweeting 22 Mining
inoibopm Industrial Oil Boilers 63 See footnotes
inoibouc Industrial Oil Boilers 63 See footnotes
inoipruc Industrial Oil Production 22 Mining
inorchpm Industrial Other Miscellaneous, Organic Chemical 18 Chemical and allied products
inorchuc Industrial Other Miscellaneous, Organic Chemical 18 Chemical and allied products
inothrnc Industrial Other 64 See footnotes
inpeprnx Industrial Petroleum Process Fuel Use 19 Petroleum and coal products
inpeprpm Industrial Petroleum Process Fuel Use 19 Petroleum and coal products
inpepruc Industrial Petroleum Process Fuel Use 19 Petroleum and coal products
inperenx Industrial Petroleum Refineries 19 Petroleum and coal products
inperepm Industrial Petroleum Refineries 19 Petroleum and coal products
inpereuc Industrial Petroleum Refineries 19 Petroleum and coal products
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Table A-2 (continued)

REMI
Scc_id Scc_desc Sector REMI Sector Name
insolvnx Industrial Solvent Use 54 Weighted average sectors 1-30
insolvpm Industrial Solvent Use 54 Weighted average sectors 1-30
insolvuc Industrial Solvent Use 54 Weighted average sectors 1-30
inwobonx Industrial Wood Boilers 65 See footnotes
inwobopm Industrial Wood Boilers 65 See footnotes
inwobouc Industrial Wood Boilers 65 See footnotes
ptothrnc Other Point Sources 54 Weighted average sectors 1-30
traviauc Commercial and General Aviation Aircraft 71 Weighted average of population and income
trdplduc Diesel Powered Light-Duty Cars/Trucks 66 See footnotes
trdpmvuc Diesel Powered Medium/Heavy Vehicles 68 See footnotes
trgplduc Gasoline Powered Light-Duty Cars/Trucks 66 See footnotes
trgpmtuc Gasoline Powered Medium Trucks 67 See footnotes
trmariuc Commercial Marine Vessels 70 See footnotes
trrailuc Railroad Locomotives 69 See footnotes
utcoaloc Utility Coal Combustion 30 Electric, gas, and sanitary services
utcoalsx Utility Coal Combustion 30 Electric, gas, and sanitary services
utcognnc Utility Cogeneration 30 Electric, gas, and sanitary services
utliqunc Utility Liquid Fuels 30 Electric, gas, and sanitary services
utngasnx Utility Gas Combustion 30 Electric, gas, and sanitary services
utngasoc Utility Gas Combustion 30 Electric, gas, and sanitary services
utrenwnc Utility Renewables 30 Electric, gas, and sanitary services
utnchync Utility Nuclear/Hydro 30 Electric, gas, and sanitary services

Legend for REMI Links

Direct mapping to REMI sector of same number

Weighted average across sectors 1-30
Weighted average across sectors 31-48

Based on the population index adjusted for income
Based on VMT, population index, and a time adjustment (see text)

Constant over time
Based on population index
See Table III-5 of this document

Weighted average of population and income per capita indexes (.67 and .33)
Weighted average of all REMI sectors except 13, 17, 24-8, 30-5, 38, 40, 44, 45, 48, 50-3
Weighted average of all REMI sectors except 13, 17, 23-38, 40, 44, 45, 48, 50-3

Weighted average of REMI sectors 3, 4, 12, 18, 19, 22, 49

Weighted average of population and income (.5 and .5)
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