.,

TL

214
P6
w43
1988
v.4

LBRARY ~ AlR RESOQURCES BOARD

DCN: 87-245-019-04

HEAVY-DUTY DIESEL VEHICLE
INSPECTION AND MAINTENANCE STUDY -

FINAL REPORT
VOLUME IV

I/M PROGRAM DESIGN AND
COST-EFFECTIVENESS ANALYSIS

Submitted to:

California Air Resources Board
1800 15th Street
P.Q. Box 2815
Sacramento, CA 95812

ARB Contract No. A4-151-32

Submitted by:

Christopher S. Weaver, P.E.
Project Director

Robert F. Klausmeier
Program Manager

Radian Corporation
10395 01d Placerville Road
Sacramento, CA 95827

May 16, 1988

The statements and conclusions in this report are those of the Ccntractor and
are not necessarily those of the State Air Resources Board. The mention of
‘ommercial products, their source or their use in connection with material

‘eported herein is not to be considered as an actual or implied endorsement of
uch products. ‘ \

10395 Oid Placerville Rd./Sécrarhento, California 95827/(916)362-5332






coRPORATYION

TABLE OF CONTENTS

Page

1.0 INTRODUCT ION. i ittt i ienrstnaseasonseoaanssansans ceeeen 1-1
1.1 Outline of the Study.ieiieeieann Ceeiaeean i 1-2

1.2 Outline of the RepPOrt...c.ieeiietnnenenaanannns .o 1-3

1.3 Guide to the Remainder of Volume IV......i00au.ne 1-3

1.4 Limitations and CaveatS....eeevocanecseas Cerrreena 1-4

2.0 ISSUES IN I/M PROGRAM DESIGN. sttt tveteannnasannnnnenns 2-1
2.1 Program Goals and Design Criterid....ceeeeseeenen 2-1

2.2 I/M Program Design OptionS.....se... et iieana. 2-3

2.2.1 Inspection Type and Location..... cheiaeenn 2-3

2.2.2 Inspection Frequency and Predictability,.. 2-5

2.2.3 Test Procedures and InstrumentatioN....... 2-6

2.2.4 Program Enforcement and Cost Limits....... 2-7

2.2.5 Taﬁpering DeterrenCe. s scasrsssnscsnaass  2-8

2.3 Selection of Alternative I/M Program Scenarios;.. 2-9

3.0 COST OF REPAIRS...cvuiveriviinninnnenanns iedea e 3-1
3.1 Repair CoSt SUIVEeY..vieraavsereannons e, v 3-1

3.2 GEstimated Repair Costs for Future Technologies... 3-4
3.3 Cost Estimates Used in the Model................. 3-10

4.0 ESTIMATING PROGRAM COSTS...evvvevreensennnannannnns 4~1
4,1 TI/M InsSpection. ChATgeS..seeeeereoeeennnns e 4-1

4.2 Government Administrative and Enforcement Costs.. . 4;2

4.2.1 Decentralized Program.......... ..;... ..... 4-2

4.2.2 Centralized PTOgraM...v..eeiuesieeesonennns 4—4

4,2.3 In-Use Pfdgrém, ......... e, 4-6

6.3 TOQATECE COSES.nrineinsennsenneneensinennenns cer 48



CORPORATION

5.0

6.0

8.0

9.0

TARLE OF CONTENTS (Continued)

THE EFFECTS OF ALTERNATIVE I/M PROGRAMS:

A SIMPLIFIED MODEL .u:ceaevessoosacsansveaaannnns e
5.1 Model Specificatiom...ciecerscacaacnraonnaannn e

5.2 I/M Program SCenaTiOoS....eesseccearcesassnnsansscss

MODEL. RESULTS: REDUCTION IN EMISSICONS...... ceerasasan

MODEL RESULTS: REPAIR COSTS, REPAIR PROBABILITY,

AND OFFENSIVE SMOKE.....vivovvsaunens tetseseanansaanas

MODEL RESULTS: PROGRAM COSTS, COST-EFFECTIVENESS,

AND SMORE . v et e vaeceenaaanasnsissaasssssenssscanssasssanss
8.1 Program Costs to Vehicle Cwners........ccvanuvvnn
8.2 Social Costs and Cost-Effectiveness.....cceeeaeeen
BIBLIOGRAPHY . it eveaveaccenn ceeceecmannruas Cearnaaaaeaes

APPENDIX A — TABULAR DATA AND RESULTS

iii



coRPORATIONM

Table

2-1
3-1

3-2

3-3

3-4

5-1

5-2

5-5

LIST OF TABLES
Title

I/M Scenarios Considered..esieierenneoneioneenncannnns
Common Types of Emissions—Related Defects in
Heavy—Duty DieSel TrUCKS . .ueeeeeeeeeernneenoeennnennns
ARB Diesel I/M Project Inspection and Repair

COSL SUTVEY e erierronernaronsasnnas Ceser s r et
Repair Cost Survey Results for Medium and Heavy-Heavy
DULY ENgineS..eeeeeeneeecncenconnans Ceseecetesteearann
Estimated Range of Repair Costs for Future
TechnologieS..veivreriennerannnns Cherassvasaecessenaens

Estimated Average Costs of Repair for

‘Emissions—Related Defects....... Ceeieresesenna cereeenn

Egtimated Cost to the State of Administration

and Enforcement for a Centralized Heavy-Duty Diesel
I/M Program..... e e e reee e s ettt e
Estimated Cost to the State of Inspectioﬁ,
Administration, and Enforcement for a Centralized
Heavy-Duty Diesel I/M Program...... s eeredar et
Inspection, Enforcement, and Administration Costs

of an In-Use I/M Program for Heavy-Duty Diesel
VehicleS. iieuienarnannnaaan it i it cesens
I/M Effects Model Inputs for Case 1: Annual
Decentralized I/M InSpeCTion.sescaseososseeotenennnnns
I/M Effects Model Inputs for Case la: Centralized
I/M InspectioN.iieeeeeeeasnnannnnans et sesecseaananana
I/M Effects Model Inputs for Case 1b: $500 Cost
Limit.oeeneevennnnns Cemeereteeacaana ceeeeeretea e ..
I/M Effects Model Inputs for Case lc: No Cost Limit
for RepairS.cevsececsesncsnaana Geseeaeinsenas et
I/M Effects Model Inputs for Case 1d: No Gaseous |

EmissSions MeasUrement..esee e aeeeeeasens f et e e et

iv

4-3

4-5

5-8

5-9

5-10

5-11

5-12




COBRPORATION

5-8

5-9

7-3

7-4

7-6

7-7

7-9

LIST OF TABLES (Continued)

Title

I/M Effects Model Inputs for Case le: Biennial

InsSpectionN..eeecescssnnns Getestsanenaneas

I/M Effects Model Inputs for Case 1f: Current

Smog Check Law...... Cecaae e G esenesencaean

I/M Effects Model Imputs for Case 2: In-Use

Inspection/$1000 Cost Limit..e.evevsvsans

I/M Effects Model Inputs for Case 2a: In-Use

Inspection with No Cost Limif......cev.e-

I/M Effectiveness Model Results for Case

Decentralized I/M Inspectiol.....ieecessee.

T/M Effectiveness Model Results for Case

Centralized I/M Inspection....ceeeececnns

I/m Effectiveness Model Results for Case

Cost Limiteeeeceasens e eceaas ereesaaaans

I/M Fffectiveness Model Results for Case

Cost Limit for Repairs...... cearetareanns

I/M Effectiveness Model Results for Case

Gaseous Fmissions Measurement.....eeeesss

I/M Effectiveness Model Results for Case

Biennial InspectioN......«. Geeersaeens .o

I/M Effectiveness Model Results for Case

Smog Check LaW..cveeearcecenoaasnanns e

I/M Effectiveness Model Results for Case

Inspection with $1000 Cost Limit.........

I/M Effectiveness Model Results for Case

Inspection with No Cost Limif....oe.enses

1 Annual
;;;...... .o
e ss00
;;:..g; ......
;;:..Q; ......
;;; ..... vees

5-15

5-16

7-2

7-3

7-5

7-6

7-9

7-10



coRpPORATION

LIST OF TABLES (Continued)

8-1 Summary of I/M Program Costs to Vehicle Owners: 1990. 8-3
8-2 Summary of I/M Program Costs to Vehicle Owners: 1995, 8-4
8-3 Summary of I/m Program Costs to Vehicle Owners: 2000. 8-5
8-4 Costs and Cost Effectiveness of Alternative I/M

Program Designs: 1990....iciiiiienenecansnnnaenannnns 8-10
8-5 Costs and Cost Effectiveness of Alternative I/M

Program Designs: 1995............ Ceeeeens et raareaan 8-11
8-6 Costs and Cost Effectiveness of Alternative I/M

Program Designs: 2000.....¢0000eaccasans - o V)
A-1 Emissions and Fuel-Consumption Model Results fof

Scenmario l......... S es Mt ea e sttt et et ar e aanans ‘e A-1
A-2 Emissions and Fuel-Consumption Model Results for ‘

Scenario lA.............. et e i, A-2
A-3 Emissions and Fuel-Consumption Model Results for -

Scenario 1B.......... S retesaret ettt tseeenaeseaasons A-3
A-4 Emissions and Fuel-Consumption Model Results for

Scenario 1C......... Cr e r et ettt et e A-4
A-5 Emissions and Fuel~Consumption Model Results for

Scenario ID...iiieivecnnneanns 4eeerreareteern et A-5
A-6 Emissions and Fﬁel—Consumption Model Results for

Scenario 1E..ieveienneoeonannnnnnns Ceseccitesavraevann A-6
A7 Emissions and Fuel-Consumption Model Results for

Scenario 1F..iieeeeresneeannacsanannana etteseesareaan A-7
A-8 Emissions and Fuel-Consumption Model Results for

5Cenario Z.iiieesseeneenrcnnaneaonnanan et ete e . A-8
A-9 Emissions and Fuel-Consumption Model Results for

Scenario 22....¢.4.... eeereeeaaaeass Creeeereer s A~-9

vi



CORPORATION

Table

A-10

A-11

A-12

LIST OF TABRLES (Continued)

Title

Vehicles in Use and VMT Brezkdown by Vehicle

Class——1990

Vehicles in Use and VMT Breskdown by Vehicle

Class——1995
Vehicles in

Class——2000

Use and VMT Bresgkdown by Vehicle

-------------------------------------------

vii

A-10

A-11

A-12



CORPORATION .

Figure
6~1
6-2

6-3
6-4

8-1

8-2

LIST OF FIGURES

Title

Comparison of I/M Scenarios: Total Emissions — 1990..
Comparison of I/M Scenarios: Total Emissions - 1995..

Comparison of I/M Scenarios: Total Emissions — 2000..

Comparison of I/M Scenarios: Reduction in

Emissions Due to I/M........ G r et er et i et

Comparison of I/M Scenarios: Percent Reduction in

Excess Emissions Due to I/M...eivunn.. et eeereeaeaeaes

Comparison of I/M Scenarios: Reduction of

Offensive Smoke due t0 I/Mutuierivennteeeeaneeneannenss

Comparison of I/M Scenarios: Cost Effectiveness......

viii

6-5

6-6

8-8
8-13






CORPORAYION

1.0 INTRODUCTION

In order to protect and improve the quality of its air, the State of
California is interested in minimizing pollutant emissions from heavy-duty
diesel trucks and buses. Diesel-engined vehicles are major contributors <o
ambient levels of particulate matter and oxides of nitrogen (NOX) in urban
air. Diesels also emit lesser (but still significant) amounts of unburned
hydrocarbons (HC), and a small amount of carbon monoxide (CO). Diesel HC
emissions are of special concern, since the hydrocarbon species emitted
include polynuclear aromatic compounds, nitro-aromatics, and other toxic,
carcinogenic, or mutagenic species. Diesel HC and aldehyde emissions are also-

responsible for the characteristic diesel odor.

New motor vehicles must meet strict pollutant emission standards
before they.can be sold. In order to improve the level of emissions cortrol
in customer use, however, California and many other states have found it
necessary to implement programs of periodic inspection and maintenance (I/M)
to check émissions levels and/or the functioning of emissions controls, and
require corrective repairs where necessary. California presently has a strong
I/M program for light-duty and some heavy-duty gasoline vehicles, and has
considered a similar program for light-duty diesels. Heavy-~duty vehicles,
especially diesels, have traditionally been exempted from I/M requirements,

however.

Implementation of I/M programs for diesels has been impeded by the
technical difficulty of developing a suitable emissions test, and by uncer-
tainty as to the magnitude of the problem and of the cost-effectiveness of an
I/M program for these vehicles.. In response to the need for improved control
of heavy—duty diesel emissions, however, the California Air Resources Board
(ARB) commissioned Radian Corporation to quantify <the problem of excess
emissions from heavy-duty diesel trucks and buses, to develop preliminary I/M
procedures for these vehicles, and to estimate the costs and cost-effective-

ness of implementing an I/M program for heavy-duty diesels.
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1.1

Qutline of the Study

The project was divided into five major tasks, as listed below.

(1)

(2)

(3)

(4)

(5)

Quantif the roblem of excess emissions from heavy—dut
y P

diesels due to pobr maintenance and/or tampering with emission
controls. This task included defining common emissions—related
defects, estimating the frequency of defects in the truck:
population, estimating the emissions consequences of each
defect, and combining these estimates with data on truck
populations and travel patterns to estimate. the impact of
excess emissions from heavy-duty diesels on air quality and

public of fense due to excessive smoke.

Develop and document a periodic inspection procedure and a

quick roadside smoke opacity check to identify heavy—-duty

diesel wvehicles having excessive emissions. The periodic
inspection procedure was intended to be conceptually similar to
the procedures for the present Smog Check Program for light-—
duty gasoline vehicles. The roadside opacity check procedure
was intended as a quick and simple check for excessive emis-
sions which could be applied at a truck weigh station or

similar environment.

Estimate the costs and emissions benefits of implementing the

procedures developed in Task Two, assuming that the emissSions

defects identified by the procedure are properly repaired.

Validate the procedures developed in Task Two by applying them

to a representative sample of trucks in a blind test.

Prepare a final report documenting the work.

1-2



1.2 Qutline of the Report

The final report for this project is contained in four volumes, of

which this is Volume IV. The volume numbers and their titles are as follows:
I. SUMMARY REPORT *
II. QUANTIFYING THE PROBLEM

ITI. DEVELOPMENT AND VALIDATION OF I/M TEST PROCEDURES
IV. I/M PROGRAM DESIGN AND COST-EFFECTIVENESS ANALYSIS

Volume I presents an overview of the other three volumes, and summarizes the
major conclusions and recommendations. Volume II describes a computer model
of heavy—~duty diesel emissions developed for this project, and presents the
model results for the case with no I/M program. Volume III describes the
development and validation of emissions test procedures to identify heavy-duty
diesel vehicles which are excess emitters. Volume IV, this volume, outlines
several possible designs for I/M programs using these procedures, and esti-

mates the emissions reductions and cost-effectiveness for each.’

1.3 Guide to the Remainder of Volume IV

Volume IV is divided into eight sections, of which this Introduction
is the first. Section Two, following, discusses appropriate goals for a
heavy—-duty diesel I/M program, and describes the major design issues involved.
Two major types of program designs are described, along with several
variations. The effectiveness and cost-effectiveness of each program design

are estimated in subsequent sections.

Section Three discusses the maintenance and repair costs for the

common types of emissions-related defects in heavy-duty diesels. (These
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defects were discussed at length in Volume II). The results of a repair CcoOst
survey for existing technologies are presented, along with our estimates of

repair costs for future technologies.

Sections Four through Eight examine the costs and effectiveness of
each of the possible heavy-duty diesel I/M programs outlined in Sedétion Two.
Section Four presents our estimates of the administrative and inspection CoSts
for each type of program. Section Five then describes a simple model of I/M
program effects on the frequency of occurrence of emissions defects, repair
costs, and of fensive smoke. The model inputs used for each I/M scenario are
also presented and discussed. Section Six describes fhe ef fects of each I/M
program scenario on statewide pollutant emissions, as calculated by the excess
emissions model developed in Volume II. Section Seven presents the repair
costs, repair probabilities, and offensive smoke data calculated by the I/M
effects model for each I/M scenario. Section Eight, finally, aggregates the
repair cost and program cost estimates for each scenario tg arrive at an

overall cost and cost-effectiveness estimate.

1.4 Limitations and Caveats

This report presents our estimates of the effectiveness, costs, and
cost—ef fectiveness of each of several possible heavy-duty diesel I/M programs.
These estimates are heavily based on the model of excess heavy-duty diesel
emissions described in Volume II. Neither +this model nor any other can
produce "Truth"--at best, it can only reflect the consequences of the data and
assumptions that go into it. .The limitatioms on the data and assumptions

going into the basic model have been discussed in Volume II.

In addition to these limitations of the model, the results presented
here reflect our estimates of the effects of alternative heavy-duty diesel I/M
programs. These estimates are necessarily very rough: estimates of the
effectiveness even of operating I/M programs are notoriously difficult, and no

programs comparable to those described here are now .in operation. In the
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absence of hard data to serve as a benchmark, even the most careful estimates
contain a great deal of uncertainty, and the estimates presented here should
be understood in this light. OQur estimates are based on experienced
judgement, and we consider them to be somewhat conservative (in the sense of
under-estimating the effects of an I/M program), but they cannot be shown to

be either "right" or "wrong™ based on the data available today.

Our estimates also assume that the programs described are competently
designed, effectively executed, and vigorously enforced. This has not always
been the case in light-duty I/M programs in the U.S. A poorly designed or
badly enforced I/M program would sacrifice a large portion of the benefits
estimated in this report, while costing as much or more. These limitations

should be borne in mind in interpreting and applying our results.
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Eﬁ\ 2.0 ISSUES IN I/M PROGRAM DESIGN

Design of an inspection and maintenance program for heavy-duty diesel
vehicles presents many difficult issues. Because of the differences in +ech-
nology, ownership, and operating patterns, existing I/M programs for light—-duty
vehicles may not be a good model for heavy-duty diesel I/M, Other existing
enforcement programs aimed at heavy—duty trucks, such as the weigh stations and
safety inspection programs operatedvby the California Highway Patrol, should be
considered as models as well. This section describes our suggested design
goals for a heavy-duty diesel I/M program, and then examines a number of design
options in the different program elements to see how they could be combined to
achieve these goals. Finall&, several different candidate I/M program designs
are laid out. The effectiveness and cost-effectiveness of these alternative

approaches are evaluated in the remainder of the report.

2.1 Program Goals and Design Criteria

The results of the excess emissions model presented in Volume II show
that most excess heavy-duty diesel emissions arebldue to '"gross emit-
ters"-—vehicles with HC and PM emissions four to 20 times the baseline~-and to
tampering with emission controls. By the year 2000, tampering is estimated to
account for more than 50 percent of excess emissions, while gross—emitting
vehicles (those with severe injector problems, excess oil consumption, or
mechanical failures) will account for 30 percent. While they account for a
large fraction of the total emissions, these vehicles are only a fairly small
fraction of the vehicle fleet. The remaining excess emissions are generally
due to poor maintenance practices——i.e. failure to perform needed maintenance

which is more or less routine.
In order to effectively reduce emissions, while minimizing the burden

on vehicle owners, the primary goals of a heavy-duty diesel I/M program should

be the following:
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. Deter tampering with emission controls;

. Detect tampering which is not deterred, and require that it be
corrected;

° Identify gross—emitting vehicles, and require that they be

repaired; and

. Encourage proper maintenance and awareness of the importance of

emission controls in the bulk of the heavy-duty diesel fleet.

To achieve these goals and obtain public acceptance, a heavy-duty

diesel I/M program will need to exhibit the following characteristics.

Effectiveness——The test procedures must effectively identify tampered

or high—emitting vehicles, and the enforcement mechanism must ensure
that these vehicles are repaired or otherwise brought into compli-

ance.

Deterrence——Tampering detection must be effective enocugh (in terms of
frequency of inspection and probability of identifying a tampered

vehicle) to deter most tampering.
Fairness——The program should be perceived as fair, both by the public
and by those subject to it. Errors of omission should be minimized

and errors of commission must be very few.

Enforceability——Compliance with the inspection requirements and

performance of any required repairs should be enforceable, preferably

through existing law—enforcement structures.
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Cost-effectiveness--Direct and indirect costs of the program (to the

State, the affected industry, and the public) should be balanced
against program benefits, and costs at a given level of effectiveness

should be as small as possible

Ease of implementation and administration——The program should be

consistent with existing regulatory activities, and should present no

major operational or administrative problems.

2.2 I/M Program Design Options

The key design elements for an I/M program are the inspection type,
inspection location, frequency of inspection, test procedures‘and equipment *to
be used, system of enforcement, and the repair requirements for failing vehi-
cles. Models for these program elements can be found in existing programs of
weight and safety inspections for heavy-duty vehicles, as well as light-duty
vehicle I/M programs. ‘Some of the the available program design options in

each of these areas are discussed in this section.

2.2.1 Inspection Type and Location

Existing I/M programs are of two types: centralized and decentral-
ized. In centralized programs, vehicles are brought to one of a relatively
small number of central facilities which are dedicated to I/M testing. These
facilities are usually government—owned, and may be operated either by govern-
ment employees or by a government contractor. In decentralized inspection
programs, such as California's Smog Check Program, inspections are performed at
one of a large number of private garages equipped with emission analyszers.
Vehicle fleets may also be permitted to self-inspect. Both the garage and the
individual inspectors are typically required to be licensed, and their perfor-
mance 1is typically checked by government auditors. The effectiveness of this

oversight varies greatly from program to program.
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Centralized I/M programs have a number of advantages. Since <the
number of inspection stations is typically much smaller than in a decentralized
program, each station can be equipped with more extensive test equipment. By
spreading the cost of expensive equipment such as dynamometers over a larger
number of vehicles, these programs have the potential to be more cost-effective
than decentralized programs. This advantage may be offset, however, by the
greater incomvenience and time lost by the public in traveling to the stations,
and then travelling back to a garage for repairs and returning to the station

for a retest if the vehicle fails. N

Centralized I/M programs are generally considered to be preferable
from an effectiveness standpoint, although both types of programs vary consid-
erably in this regard. Centralized programs employ a much smaller number of
inspectors, who typically perform I/M inspections as their primary duty. In
decentralized programs, inspections are performed by mechanics who often have
many other duties. Training, oversight, and quality control of the inspections
are far easier in a centralized program, and the inspectors rapidly develop
considerable experience and expertise. These advantages are especially impor-
tant in anti-~tampering and functional inspections, which are much more depen-
dent on the competence and honesty of the inspector than are tailpipe measure-—

ments.

Fraud and incompetence on the part of the I/M mechanics have been
majoer ﬁroblems in many decentralized I/M programs, including Califormia's Smog
Check Program. As has already been found with the Smog Check Program,
stringent licensing requirements and vigorous enforcement tactics (including
under—cover vehicle operations) are needed to combat these. Heavy-duty diesel
mechanics are typically highly competent, and could doubtless be trained to
perform inspections. Fraud could be expected to be a major problem in a
heavy-duty diesel I/M program, however, due to the large sums of money
involved. Recommended repair cost limits for a heavy-duty diesel I/M program
range from $500 to $1,000, and the costs of repairing some forms of tampering

could be several times these.



coRPORAYION

To ensure that full program benefits were obtained in a decentralized
heavy-duty diesel I/M program would require a vigorous program of enforcemen=,
including undercover vehicle operations and heavy penalties for fraud. Due *o
the monetary incentives involved, license revocations and fines might not be
sufficient to deter fraudulent inspections: jail sentences might be required

for the most flagrant cases.

Field inspection may also be a suitable I/M approach for heavy-duty
diesel vehicles. The California Highway Patrol presently conducts weight and
safety equipment checks at a eleven strategically located permanent inspection
stations around the State, as well as unannounced weight checks at a large
number of locations using portable scales. Safety inspections and review of .
maintenance records are also conducted at truck terminals. More than 60,000
trucks were inspected .at 17,679 truck terminals in 1985 (CHP, 1986). ARB's
field staff also conducts occasional checks fbr emission control tampering by
truck fleets. About 500 trucks were inspected by ARB during fiscal vyears
1984-85 and 1985~86. This inspection presently concentrates on gasoline-fueled

truck fleets, however,

2.2.2 Inspection Frequency and Predictability

The frequency and predictability of I/M inspections can significantly
affect program costs and effectiveness. More frequent inspections help to
deter tampering, and they reduce the length of time that a vehicle can run with
a defect before it is detected and fixed. In traditional I/M programs, the
program costs also increase with increasing inspection frequency, and a point
of diminishing returns is soon reached. Most light-duty I/M programs have
settled on annual inspection beriods, but the California Smog Check Program

uses a biennial inspection.
The high cost of frequent inspections under the traditional I/M

programs is due to the need to take the vehicle to a separate location and

subject it to a specific time-consuming test. An in-use inspection program

2-5



coRPORATIOM

conducted at weigh stations and truck depots would involve much less cost and
delay per inspection, and could thus be conducted more frequently than the‘
traditional I/M program. It would be possible, for example, to station smoke
enforcement and anti-tampering inspectors at all CHP weigh stations and scales,
to monitor smoke emissions from the trucks passing through on a continuous

basis.

Another adéantage of the in-use inspection program = is its
unpredictability. In traditional I/M programs, the vehicle owner knows well in
advance when the vehicle is scheduled to be inspected. Given this warning, he
could "untamper™ with the emission controls before the inspection——resetting
the puff limiter to give lower smoke, for iﬁstance, or reconnecting the trap
bypass valve. The emission controls could then be restored to their former
(tampered) state after the inspection. TUse of smoke—suppressant additives in
the fuel in order to pass a smoke opacity test would also be possible. An
in—-use insﬁection program would make such anticipatory changes difficult,
unless they were maintained all the time that the truck is within the

enforcement area.

2.2.3 Test Procedures and Instrumentation

The range of possible test procedures and instrumentation for a
heavy—duty diesel I/M test is determined by the inspection type and location.
For a centralized I/M program, the most practical test procedures are those
using a dynamometer, due to the space requirements and safety concerns of the
on-road tests. The relatively limited number of inspéction locations, however,
makes it practical to ‘install quite sophisticated emissions measurement
equipment. The trained and expert‘ inspectors possible with this type of
program are also capable of very complete functional and anti-tampering

inspections.

The sophistication level of the instruments for a garage—based
decentralized program is limited to that which can practically be operated and

maintained (except for periodic calibration) by a typical mechanic. These
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programs could practically use a smoke opacity meter in conjunction with either
dynamometer-based or on-road tests, and they could apply a simple, rugged
emissions analyzer for dynamometer measurements. These facilities are also
technically capable of carrying out an anti-tampering inspection and/or
functional checks of emissions controls. Experience with the Smog Check
Program has shown that these checks are often not°well performed in the absence

of vigorous enforcement efforts, however,

The most restrictive testing limitations apply to the in-use
inspection and maintenance programs. Dynamometer?based tests are clearly
impractical, and even the on-road smoke tests are time—consuming enocugh that it
would be undesirable to apply them at random. The most practical approach to
in-use smoke enforcement would be to visually screen trucks for smoke opacity
using one of the on-road test procedures described in Volume. III, with doubtful
or disputed cases resolved by repeating the test with an opac1meter.

\0:( \‘: \ QQOOSQ‘
2.2.4 s?o rogram Enforcement and Cost Limits

G X
7l

To be effective, an I/M program requires scame means of ensuring that
all wvehicles subject‘ to the program actually undergo ‘inspection and ;ny
required maintenance. In traditional I/M programs, the most effective way of
ensuring that vehicles are inspected is to require the submission of an
inspection report (Smog Certificate in California) with the vehicle's annual
registration. Separate windshield stickers and similar mechanisms have been

found to be relatively ineffective in light-duty programs.

Compliance with an in-use inspection program would be enforced in the
same way that weight and safety inspections are enforced now——a requirement
that all trucks on a given road pass through the scales, where they are subject
to being pulled over for an overweight citation or a safety inspection. Under
the in-use program, these trucks would also be subject to being pulled over to

be cited for excessive smoke, or for an anti-tampering inspection.



Most light-duty I/M programs have also adopted repair cost limits to
1imit +the amount that a vehicle owner is required to spend to bring its
emissions into line. From an emissions standpoint, these limits are generaliy
undesirable, as they tend to focus attention on meeting the cost limit rather
than fixzxing the problem. This is especially true if the cost limit is
unrealistically low, as is the case with the 850 cost limit under the current
Smog Check program. Since many of the common repairs to heavy-duty diesel
engines are fairly expensive, adoption of too low a cost limit could cripple
the program. We recommend that any cost limit for heavy—duty diesel be at
least $500, and preferably $1000, in order to allow for realistic repairs.

In the event of tampering with the emission controls, no cost limit should

apply.

2.2.5 Tampering Deterrence

As the surveys reported in Volume II have shown, tampering wit
emission control settings on heavy—duty diesels is common now. = In the absence
of an effective I/M program, tampering with emission controls can be expected
to be fairly common in the ~future as well. The costs, maintenance
requirements, and adverse effects on fuel economy of many future emission
control technologies will provide a strong incentive to tamper. Some of this
tampering would doubtless be deterred by a good periodic I/M program. However,
many potential forms of tampering with heavy-duty diesel emission controls are
reasonably reversible, so that they could fairly easily be "untampered"
immediately before a scheduled inspection, and restored to their former
(tampered) condition immediately afterward. Examples of such reversible
tampering include replacing the ROM chip in an electronic control system,
"turning up" the wmaximum fuel rate or the smoke puff limiter, keeping a

trap-oxidizer bypass valve open, and clamping ar EGR line shut.

While these actions are all illegal under California law, this law is
presently not enforced effectively against truck owners or operators. One
effective approach to discouraging tampering would be to begin enforcing the

law effectively, through a program of random anti-tampering checks at weigh
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stations and truck depots, with heavy fines for those caught tampering. It is
important to emphasize that the economic benefits of tampering may be quite
significant——savings of $1,000 to $2,000 per year in fuel and maintenance costs
would be possible for a line-haul truck. The fines imposed would need to be
large enough to offset this economic incentive, otherwise they will simply be
treated as a cost of doing business. We recommend a fine of $1,000 for the

first violation, escalating rapidly for subsequent of fenses.

o

2.3 Selection of Alternative I/M Program Scenarios

The I/M program scenarios selected for investigation irn this study
consist of a number of variations on two basic approaches: a dynamometer-—based
periodie I/M program, and a program of in-use smoke opacity enforcement and
random anti-tampering inspections. These scenarios are summarized in Table
2-1. Case 1, the basic periodic I/M scenario, consists of the following

elements.

° Periodic, annual inspections enforced through the registration

process.

. Decentralized, garage—based inspection program, using chassis
dynamometer test procedures for smoke opacity and gaseous

pollutant concentration in specific operating modes.

e Visual or functional checks of emission controls such as EGR

valves, trap bypass valves, timing advance units, etc.

Y Anti-tampering inspection of trap-oxidizer, catalytic converter,

fuel injection system seals, etc.

. Regulations requiring fuel injection system adjustments to be
sealed by an authorized shop, and making breaking the seal prima

facie evidence of tampering.



TABLE 2-1. I/M SCENARIOS CONSIDERED

Gaseous
Case Inspection Frequency Cost Limit Emissions ?
1 Decentralized Annual $§1,000 Yes
la Centralized Annual 1,000 . Yes
1b Decentralized Annual 500 Yes
le Decentralized ’ Annual None Yes
14 Decentralized Annual 1,000 No
le Decentralized Biennial 1,000 Yes
1f Decentralized Biennial 100 Yes
2 In-use ~ Variable 1,000 No

2a In—-use Variable None No
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N $1,000 cost limit for repairs, no cost limit for correcting

tampering. Cost waivers require approval by a referee station.

. Overall program administrative and enforcement structure similar
to the existing Smog Check, but with aggressive undercover

enforcement and expanded mechanic %training.

Cases la through 1f consist of variations on this basic scenario. In
Case 1la, inspection 1is performed in central, state—operated inspection
stations, rather than in truck garages. In Case 1lb, the repair cost limit is
reduced to $500. In Case 1C, the repair cost limit is eliminated--i.e. "fix it
.or park it". 1In Case 1d, the gaseous pollutant concentration measurements are
eliminated, reducing the cost of the program, but also reducing its
ef fectiveness for NOx and HC control. Case le is a biennial inspection
program. Case 1f, the final variation, reflects the legal comnstraints of the
current Smog Check legislation. .These include: biennial inspection, SlOO cost

limit, and a limit on the charge for a Smog Certificate of $6.00.

Case 2 describes a very different I/M program based on in-use smoke
opacity enforcement and anti-tampering inspections. Key features of this

program are the following.

. ARB Smoke Inspectors stationed at CHP truck  scales and
inspection stations, maintaining continuous visual screening for
excessive smoke, and with the authority to pull a truck over for

a smoke test and/or anti-tampering inspection.

) Trucks cited for excessive smoke must be repaired and test below
the standards within %two weeks, or receive a cost waiver. The
cost limit for repairs is $1,000. Smoke tests after repairs may

be performed by BAR-authorized garages.
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Trucks cited for excessive smoke more than once in 6 months are
subject to a $250 fine (except where the first citation

resulted in a waiverx).

Tampering with emission controls, or knowingly operating a truck
with tampered controls, is subject to a $1,000 fine for the
first offense, and $2,500 fine for each subsequent occurrence.
Tampering must be corrected immediately, with no cost limit.

ARB Inspectors to accompany CHP depot truck inspection teams in
order to conduct anti-tampering inspections at the same time the

CHP conducts safety inspections.

Regulations requiring fuel injection system adjustments to be
sealed by an authorized shop. Breaking the seal is prima facie

evidence of tampering.

$1,000 cost limit for repairs, no cost limit for correcting

tampering. Cost waivers require approval by a referee station.

Tightening the existing truck smoke law, training State and
local police in smoke enforcement, and issuing traffic police

with opacimeters.

Dedicated roving smoke patrol officers in critical air pollution

areas such as the South Coast.

A variant, Case 2a, is identical to Case 2 except that the repair

cost limit of 31,000 is eliminated.

The projected costs, effectiveness, and cost—-effectiveness of these

alternative programs are presented in the following sections.
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3.0 COST OF REPAIRS

In order to evaluate the potential effectiveness and cost-effective-
ness of a heavy-duty diesel I/M program, it is important to know or estimate
the costs of repairing emissions-—related defects. These costs are important

for three reasons.

(1) The costs of repair determine the number of vehicles receiving
waivers for cost exceedance (if the program includes a repair
cost limit) and thus impact the overall effectiveness of the

program.

(2) High repair costs increase the motivation (and thus the poten-—
tial) for cheating and corruptien in the program, again impact-

ing its overall effectiveness.

(3) Costs_ of repairs which would not otherwise be performed are
part of the economic costs of the program, and thus help

determine its cost—effectiveness.

The common types of emissions-related defects in heavy-duty diesel engines are
listed in Table 3-1, along with the most likely repair action for each.
Typical repair costs for current technology engines were determine& by survey-
ing heavy-duty diesel repair shops. Section 3.1 discusses the results of this
survey. Estimated repair costs for future engine technologies are discussed

in Section 3.2.

3.1 Repair Cost Survey

In order to determine the present costs of repairing common emis-—
sions-related defects in heavy-duty diesel engines, Radian staff contacted
service personnel (e.g., service managers, shop foremen, etc.) from factory

authorized service facilities for the major engine manufacturers: Caterpillar,
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TABLE 3-1. COMMON TYPES OF EMISSIONS-RELATED DEFECTS
IN HEAVY-DUTY DIESEL TRUCKS
Defect Repair

Injection Timing Changes
Timing Retarded
Timing Advanced

Fuel Injection Problems
Minor Injector Problem
Moderate Injector Problem
Severe Injector Problem

Fuel Air Ratio Problems
Puff Limiter Misset
Puff Limiter Disabled
Maximum Fuel Too High
Clogged Air Filter
Turbocharger Worn/Wrong Type
Intercooler Clogged
Other Air—-Supply Problems

Other Engine Problems
Excessive 0il Consumption
Engine Mechanical Failure

Future Technologies
Electronic Controls Failed
Electroric Controls Tampered
Catalytic Converter Removed
Trap Bypassed
Trap Failed/Removed
EGR System Disabled

Reset Timing
Reset Timing

Remove and clean
Remove and clean
Remove and clean
rebuild pump

or replace
or replace
‘or replace

injectors
injectors
injectors

Remove and recalibrate pump
Reconnect or R&R pump

Remove and recalibrate pump
Replace filter
Rebuild/replace turbo

Remove and clean intercooler
Various (usually minor)

Rebuild turbo or overhaul engine
Overhaul engine

Replace ECU and/or sensor(s)
Replace ECU and/or semsors
Replace catalyst

Repair bypass valves

Replace trap
Reconnect/Replace EGR Valve
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Cummins, Detroit Diesel Allison, Navistar, and Mack. The following data were

requested:
&)
(2)
(3)

(4)

(5)
(§)
(7)
(8)

(9)

(10)

(11)

Several of the shops surveyed employed chassis dynamometers for
diagnostic purposes, and some also performed diagnostic tests such as the
Cummins Compucheck® or Caterpillar PARS®. These‘teéts are roughly comparable
in complexity and requirements to our proposed Periodic I/M Test procedure.

To help us estimate the likely price of the PIMT, these shops were asked to

Cost to set injection timing to factory specifications;
Costs to replace or clean fuel injectors/nozzles:
Cost to repair or replace injection pumps;

Cost to repair or replace air-fuel ratio controls (puff/smoke

limiter);

Cost to replace air filter;

Cost to replace or repair turbocharger;

Cost to Fepair‘or replace intercooler (where applicable);
Cost fo repair fuel leaks and pressure leaks;

Costs of minor and major engine overhauls and costs of exchange

engines;
Hourly rates for mechanic's labor; and

Recommended repair cost limit for an I/M program, in order to

be able to cover the bulk of emissions-related repairs.
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provide cost data for diagnostic procedures and for dynamometer use, and <to

estimate their likely charges for a PIMT-type test.

. Radian staff surveyed six diesel repair shops—-one dealer for each
of the five major U.S. manufacturers, plus one "independent™ shop authorized
to perform repairs on several engine makes. All of these shops repaired
medium and heavy-heavy engines, but only two worked on light-heavy duty
engines. Since light—heavy duty engines differ considerably from medium—heavy
and heavy—heavy duty engines in complexity and technology, repair shops
dealing with light-heavy duty engines were asked to provide separate data for
them. The survey results for light—heavy duty engines are presented in Table
3-2, while those for medium—heavy and heavy-heavy duty engines are given in

Table 3-3.

As these tables show, there is a considerable range in repair costs
for specific items. This is often due to differences in engine technology.
For example, adjusting the timing on a Mack or Navistar engine with an in-line
pump is a far less expensive process than adjusting the injector clearances on
a DDA or Cummins engine. Replacing an in-line fuel pump is far more expen—

sive, however.

3.2 Estimated Repair Costs for Future Technologies

A number of the emissions defects listed in Table 3-1 involve
emissions control technologies which are not yet in common use in heavy-duty
diesel engines. These include electronic engine control systems and the
associated sensors and actuators, catalytic converters, trap—oxidizers, and
EGR sysfems. The costs of repairs to these systems were estimated by extrapo-—
lating from the costs of similar light—duty emission systems, and from previ-
ous estimates of trap-oxidizer system costs (Weaver et al., 1984). Table 3-4
shows the estimated range of costs for these items. The bases for these

estimates are briefly discussed below.
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TABLE 3-2. ARB DIESEL I/M PROJECT INSPECTION AND REPAIR COST SURVEY

Navistar (IHC) GMC/DDA
6.9L 6.2L
Timing Reset 855 $65
Injectors Change
Parts (ea.) 830-35 $36.50
Labor $130 $100-150
Injection Pump
Part . $250-600 (Remanufactured unit)
Labor $130-~150 $150-475
Puff Limiter
' N/A ' N/A
Air Filter Change
Parts ’ : 320 $30
Labor 825 810
Turbocharger
N/A N/A
Natural aspirated engine
Intercooler ' _
N/A N/A
Fuel Leaks
Parts - _—
Labor ) —— : -—
Engine Overhaul :
Minor $3,000~5, 600 $1,800-2,200
Major N/A $3,800-4,500
"Exchange - $5,600-6,200 85,240
Dynamometer Use $50-75/hr (Sublet) $865-85/hr (Sublet)
Hourly rate $43 : $43.,50
I/M Procedure
Inspection Cost $60-100 ‘ $50-100
I/M Cost Limit $1,000 $1,000
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TABLE 3-4. ESTIMATED RANGE OF REPAIR COSTS FOR FUTURE TECHNOLOGIES

Defect Typical Range
Trap-oxidizer $500 $200-2,000
Catalytic Converter $600 $400-1,200
Electronic Controls $800 $400-2,000
Electric System $150 $20-250
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Electronic controls—-Electronic control units for heavy-duty diesel

vehicles will be comparable in functions and complexity to existing electronic
controls for light—-duty, spark—ignition vehicles. The greater durability and
reliability required and the smaller production volumes for the diesel control
systems will increase the costs considerably, however. Parts costs for
electronic control units for light-duty cars range from about $170 <o $700,
while sensors (except airflow sensors, which are unlikely to be used on
diesels) range from $20 to $200. We expect ¢the corresponding costs for
heavy-duty diesel systems to be at least double these values. With an allow-
ance for labor, and the possibility of multiple failures, this results is the

cost range shown.

Catalytic comverters——Replacement comverter units for autos range

from about $200 to $600 in price. Converters for trucks will be much larger,
and will be produced and distributed in lower volumes, which would tend to
increase-thé cost. The catalyst material may be less expensive, however, as
these units would not requi;e rhodium for NOx reduction, We estimate the cost
for heavy-duty diesel units at 2-3 times that for catalyfic converters in

light—dufy vehicles, or about $400-$1,200.

Trap~oxidizers——We anticipate that most trap-oxidizer system fail-

ures will not require replacing the entire system. In many cases of tamper-—
ing, all that would be needed would be to reconnect or replace the bypass
valve. Most other tampering and most in-use failures would require replacing
the trapping element, and possibly repairing or replacing other components,
The replacement parts cost of the trapping element is estimated at $200 <o
$500, depending on its size, to which would be added the labor to install it.
Correcting tampering with the bypass valve, or a control system failure which

had not damaged the <trap, would be less expensive——-probably $200-3300.

~Complete replacement of the entire system with a remanufactured one would be

quite costly-—-probably abeout $1,500 to 2,000 dollars.
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EGR Systems——Most EGR system problems invelve disconnected or

plugged lines, or EGR valve failure. The costs of EGR valves for light—duty
vehicles range from about $50 to $80. Due to the greater flowrates, problems
with particulate fouling, and smaller production volume, EGR wvalves for
diesels would probably cost 2 to 3 times as much. Cleaning out a plugged line

or reconnecting a disconnected one would be quite inexpensive, however.

3.3 Cost Estimates Used in The Model

The simple I/M effects model described in Section Five requires as
input a set of point estimates of the average cost to repair each type of
emissions defect. Separate estimates of repair costs ir light-heavy duty
engines and medium—heavy or heavy-heavy duty engines are required. Table 3-5
shows the cost estimates that were used for this report. These estimates were
developed subjectively, based on the results of the cost survey and our
estimates of repair costs for future technologies. It should be noted that
these values are intended to represent averages only-—actual repair costs for
any one type of defect will vary considerably from engine to engine and case

to case.
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TABLE 3—5.'ESTIMATED AVERAGE COSTS OF REPAIR FOR EMISSIONS-RELATED DEFECTS

Repair Cost
Medium and

Defect Typé Heavy~Heavy Light-Heavy
Timing Advanced $200 » $60
Timing Retarded $200 $60
Minor Inj. Problems ' $300 ' $200
Mod. Inj. Problems $500 $300
Severe Inj. Problems . 8500 $300
Puff Lt'er Misset $150 $100
Puff Lt'er Disabled $200 $150
Maximum Fuel High $400 $200
Clogged Air Filter 370 $40
Wrong/Worn Turbo $600 $500
Intercooler Clogged - $150 $150
Other Air Problems $100 | $80
Engine Mech. Failure $4,000 - $2,500
Excess 0il Cons. ~ $6,000 $4,000
Electronics Failed $800 $600
Electronics Tampered $400 $300
Catalyst Removed | $600 $450
Trap Removed/Bypassed $500 $400
EGR Disabled 8150 : $100
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4.0 ESTIMATING PROGRAM COSTS

The costs of a heavy-duty diesel I/M program include direct cosis to
the vehicle owner, indirect costs to the owner, anq government costs of
administering and enforcing the program. The administrative and enforcement
costs of the current Smog Check Program are presently funded through charges
for Smog Certificates, and we have assumed that a similar arrangement would be
used for a heavy-duty diesel I/M program. Thus, the government costs, too,
would be borne by the vehicle owner. Since heavy-duty diesel vehicles are
used almost exclusively for commercial purpbses, these costs would ultimately

be passed on to consumers.

The direct costs of a periodic I/M program to the vehicle owner are
the costs of the I/M inspection itself (including any government charges for
the Smog Certificate), the cost of making repairs, and the costs of correcting
any tamﬁering that is detected. Indirect costs include the value of the truck
and driver time lost in taking the truck in for inspection, and in having the
truck repaired. The costs for an in-use inspection program would fall into
the same categories, except that the cost of the initial inspection would be
eliminated, The imposition of a fine for tampering would add another
potential cost to the vehicle owner. This 18 not a cost in the economic
sense, however, since it represents only a transfer payment from the owner to

government—-no actual economic reéesources are consumed.

4.1 I/M Inspection Charges

In our survey of diesel repair shops discussed in Section Three, the
shops were asked to estimate the likely range of charges for am I/M inspec-—
tion. These estimates ranged from $50-100 for several shops up to $175 for
one. As a check on these values, we estimated what a shop would need to

charge in order to cover its costs and normal profit on these inspections.



CORPORAYION

Capital equipment required to perform the I/M inspection includes a
chassis dynamometer and an appropriate smoke opacity meter/emissions analyzer.
For our estimates, we assumed that the instrumentation would be packaged in
manner similar to the Test Analyzer Systems (TAS) used in the light-duty Smog
Check Program. The analyzers were assumed to cost $25,000, with a useful life
of five years. The chassis dynamometer was assumed to cost $150,000
installed, with a ten year useful life. Assuming a 15 percent return on
capital, this results in net capital charges of $37,500 per year. Operating
costs, utilities, and other overheads were assumed to add another $7-8,000 per

year to this figure.

Assuming a reasonable utilization level of five tests per day, five
days per week, 50 weeks per year, these fixed costs wouid be spread over about
1,250 tests per year, requiring a charge of about $35 per test. In additionm,
about one hour of mechanic time would be required to perform the test, at an
hourly rate of about $40 per hour. Thus, the overall chafge for a shop to
perform the test should be about $75. The costs would be somewhat lower for
light—~heavy duty vehicles and transit buses: the former because they can use
less expensive dynamometers, and the latter because the tests would usually be

performed in-house, with a greater utilization factor for the equipment.

4,2 Government Administrative and Enforcement Costs

Costs of administration and enforcement would differ, depending on
the design of the I/M program and the vigor of the enforcement program. Only
very rough cost estimates are possibie at this point. This section presents
these rough estimates for the three types of programs included in our scenari-
os: a decentralized periodic program, a centralized periodic program, and an

in—-use smoke enforcement and imspection program.

4.2.1 Decentralized Program

Table &4—1 shows the estimated annual costs of administering and

enforéing a decentralized I/M program in about 1990. It was assumed that this



TABLE 4~1. ESTIMATED COST TO THE STATE OF ADMINISTRATION AND ENFORCEMENT

FOR A DECENTRALIZED HEAVY-DUTY DIESEL I/M PROGRAM

Referee Facilities and Undercover Shops

Facility and Equipment

Capital Cost

Annual Cost

Building and Site $200,000 $29,806

* Dynamometer $150,000 $22,355
Emissions Analyzer $25,000 $6,261
Other Tools and Equipt. $25,000 83,726
Total Fac. and Equipt. $400,000 862,148
Staff (3 FTE) $120,000
Utilities and Misc. $30,000
Total Cost Per Facility $212,148

Total Program Costs

Referee Facilities (15 @ $212,148) $3,182,220
Undercover Vehicle Shops (2 @ $212,148) $424,296
Undercover Vehicles , $200,000
Field and Management Staff (13 FTE) $520,000
DMV Staff (3 FTE) $120,000
Total $4,446,516
Number of Vehicles Affected 260,000
Cost Per Vehicle §17
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program would be managed by the Bureau of Automotive Repair (BAR), and admin-
istered through existing BAR field offices. The major costs of the program
would then be the capital, operating, and labor costs of referee facilities
and undercover vehicle preparation shops equipped for heavy-duty diesel I/M
tests. At least fifteen referee facilities would be needed to provide
reasonable geographic coverage for California: four in the South Coast; two
each in the Bay Area and San Diego; and one each in Bakersfield, Fresno,
. Stockton, Sacramento, Ventura, Redding, and FEureka, Two undercover vehicle
preparation shops would also be required, one in Southern California and cne

in Northern Califormnia.

Each of these facilities was assumed to cost $400,000 ($200,000 for
the building, land, and improvements; $150,000 for the dynamometer; $25,000
for the emissions analyzer; and $25,000 for other tools and equipment) .
Assuming bond financing at 8 percent and a ten year life (except for the
analyzers, which have a five yeér 1ife), this results in an annual capital
charge of $62,148 per facility. Each facility was assumed to have a staff of
three full-time equivalent people (FTE). At an average.bufdened cost of
$40,000 per person, this adds another $120,000 per year per facility. Each

facility was also assumed to have $30,000 per year in operating costs.

In addition to the costs of the referee and undercover stations,
some additional BAR field and management staff and DMV staff would be required
to administer the program. These were assumed to amount to 13 FTE for the
BAR, and 3 FTE for DMV. Finally, <the cost of purchasing and operating
vehicles for undercover enforcement was assumed to be quite significant-—
about $200,000 per year. Thus, the net cost of the program would be about
$4.4 million per year. Assuming that 260,000 heavy-duty vehicles would be
subject to the program, this would require a charge of $17.00 for a Heavy-Duty

Diesel Smog Certificate in order to cover program Costs.

4.2.2 Centralized Program

Table 4-2 shows the estimated costs of a centralized dynamometer-—

based I/M inspection program for heavy-duty diesel vehicles. It was assumed

b4
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TABLE 4-2, ESTIMATED COST TO THE STATE OF INSPECTION, ADMINISTRATION,
AND ENFORCEMENT FOR A CENTRALIZED HEAVY-DUTY DIESEL I/M

PROGRAM

Inspection Test Lanes (each)

Facility and Equipment

Capital Cost

Annual Cost

Building and Site $125,000 818,629

Dynamometer $140,000 $20,864

Emissions Analyzer $25,000 $6,261

Other Tools and Equipt. $10,000 $1,490
Total Fac. and Equipt. $300,000 $47,245
Staff (4.5 FTE) $180,000
Utilities and Misc. $30,000

Total Program Costs

Inspection Lanes (102 @ $257,245) $26,238,941
Management Staff (6 FTE) $360,000
DMV Staff (3 FTE) $120,000
Total $26,718,941
Inspections/Year 260,000
Cost Per Inspection $100

4-5
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that a large number of central inspection stations——equipped with variable
numbers of test lanes——would be established throughout the state. Assuming an
average of twelve vehicles per lane per day and six day per week operation,
each test lane could handle 3,600 vehicles per year. Socme 260,000 heavy-duty
diesel vehicles are expected to be registered in 1990. We assumed that all of
these vehicles would be inspected at least once, and that about 307 would fail
and require reinspection. The resulting 338,000 inspections per year would
require 95 test lanes. Allowing for some underutilization in outlying areas, -

we have assumed that 102 lanes would be required.

Each test lane (with accompanying building, land, parking, etc. was
assumed to cost $300,000 <o build and equip. This is lower than the~cost of a
referee station in the decentralized case, since multiple—lane facilities
would allow for substantial economies of scale. The total cost for 102 lanes
would then be $30.6 million. The required capital charges would be about $4.2

million per year, assuming bond financing at 8 percent and a ten year life.

A staff of 4.5 FTE (including supervisory and management personnel,
and allowing for vacation and sick leave) was assumed to be required for each
+est lane, at a cost of $180,000 per lane per year. Some central management
staff, and staff support by the DMV would also be required. Operating and

miscellaneous costs of $30,000 per lane per year were also assumed.

The +total annual cost for the administration, inspection, and
enforcement program under this scenario would be about $26.7 million.
Assuming 260,000 vehicles per year, the cost per vehicle inspected would be

about $100.

4.2.3 In-Use Program

Our proposed in-use smoke enforcement program would be fairly low in
cost, due to its reliance on existing inspection and enforcement mechanisms.
Table 4~3 shows the costs of a very vigorous in-use enforcement program. The

only capital expenditures for this program would be for about 600 recording



TABLE 4-3. INSPECTION, ENFORCEMENT, AND ADMINISTRATION COSTS OF AN
IN-USE I/M FROGRAM FOR HEAVY-DUTY DIESEL VEHICLES

Capital Annual

Cost Cost
600 Portable Recordiné Opacity Meters $1,800,000 $450,822
80 ARB Smoke Inspectors and Supervisors $3,200,000
Travel and Per—Diém Expenses $400,000
20 Full-Time Smoke-Patrol Officers (Local APCD) $1,000,000
500 State and Local Traffic Officers @ 5% Time $1,750,000
Total $6,800,822

4=7



end—-of-stack opacity meters, similar to the Wager model wused 1in the test
program described in Volume II, but with additional data-processing capabili-

ties. These were assumed to cost about $3,000 each in quantity.

This program would include 80 full-time ARB smoke and anti-tampering
inspectors (including supervisors and managers) posted at Highway Patrol weigh
stations and inspection statiomns, and accompanying CHP inspection truck
inspection teams on depot inspections. The fully burdened cost for these
inspectors was taken at $40,000 each, which is somewhat higher than ARB's
current budgetary figures. Many of these inspectors would be posted at remote
locations, which was assumed to increase their overhead rates. Average travel

and per-diem expenses of $5,000 per inspector per year were also assumed.

Assuming that three hours of each inspector's day was spent on smoke
observationé (at two trucks per minute), two hours on issuing smoke citations
(at ten minutes each), and three hours on anti-tampering inspections (at 15
minutes each), each inspector could smoke check 180 trucks per day, issue
smoke citations to twelve of them, and conduct 9 anti-tampering inspections.
This amounts to about 2.9 million smoke checks, 192,000 smoke citations, and
144,000 anti-tampering inspections per year; or about 11 smoke checks, 0.74
smoke citations, and 0.56 anti-tampering inspections for each heavy-duty

diesel vehicle in California.

In addition, the smoke enforcement program was assumed to consume
all of the time of 20 full-time smoke enforcement officers in the South Coast,
Bay Area, and other critical air basins, and about 5 percent of the time of

500 traffic patrol officers. in the CHP and various local jurisdictions.

4.3 Indirect Costs

It takes time to take a truck in for inspection, and even more time
to have it fixed and reinspected if it fails. This time costs money, both for

the capital charges on the vehicle itself and for the wages and benefits of
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the driver. For a medium~heavy or heavy-heavy truck, the daily capital charge
is about $80, while the charge for a light-heavy duty truck is about half
rhat, or $40. The fully-burdened rate for a driver with a Class 1 licence
(required for a heavy-heavy and most medium-heavy trucks) is about $20 per
hour. For a 1light-heavy duty truck we assumed the driver's cost was

$15 per hour.

Allowing for inefficiencies and scheduling problems, about three day
hours of truck and driver time would be required for a typical I/M inspection,
resulting in a cost of $60 (for a light-heavy) to $90 (for a medium or
heavy-heavy). Any required repairs would result in the vehicle being out of
service for another full day, but would require only about two more hours of
driver time. Transit buses were assumed to be tested on—site as part of their
normal maintenance, so that they would not incur any time losses due to’ the

inspection. Required repairs would result in lost time, however.

4=9
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5.0 THE EFFECTS OF ALTERNATIVE I/M PROGRAMS: A SIMPLIFIED MODEL

An inspection and maintenance program reduces total motor—vehicle
emissions by reducing the frequency of occurrence in the vehicle population of
the kinds of defects which result in increased emissions. In order to esti-
mate the impact of alternative I/M programs on overall emissions, i was
necessary to estimate the impact of each type of program on the frequency of
occurrence of the 18 types of emissions-related defects defined in Volume II.
For consistency in making these estimates, Radian developed a simple model of

the reduction in defect frequency due to different types of I/M programs.

5.1 Model Specification

An I/M program reduces the frequency of occurrence of emissions
defects through several mechanisms. First, the very existence of an I/M
progrém will act to deter many people from tampering with emissions controls.
The program will also detect some of those cases of tampering which are not
deterfed, and require that they be repaired. The program may also detecf
malmaintenance-related defects which would not be fixed for some time--if at
all--and require that they be fixed immediately. This reduces the avefage
time that a vehicle operates with a given defect, and thus the overall

frequency of occurrence of that type of defect in the vehicle fleet.

The simple model of I/M program ef fects developed for this study
incorporates all of these mechanisms, by means of a set of exogenously speci-
fied parameters which are specific to each scenario and each type of defect.

These parameters are the following:

T Fraction of this type of defect which are due to tampering in

the baseline (no I/M) case;

D Fraction of tampering instances deterred by the I/M program;



A

CORPORATION

Y

C Fraction of those tampering instances which are not deterred

that are caught by the I/M inspection;

L Average delay from the time a non-tampering defect occurs to
the time it would be repaired in the absence of an I/M program,

expressed as a fraction of a year;

N Fraction of the non-tampering defects which would never be

fixed in the absence of an I/M program;

V4 Fraction of non—tampering related defects detected Dby the /M
program;
W Fraction of the non-tampering defects detected which are not

repaired as a result of cost exceedance.

With these parameters specified, the fractional reduction in the
frequency of occurrence of a given defect due to an annual I/M program is

given by:
R="T-(D + Pl-(l—D) -C) + (1-T) -Z-(1-W) -(P2 'L'(l—N)+P3 ‘N) (5-1)

where P and P3 are numerical values which account for the fraction of

1’ PZ’
time +the vehicle operated with the defect before it was repaired, and the
likelihood of its recurring. The frequency Fi/m of defect occurrence with the

I/M program is then obtained from the frequency FO without I/M by

2

F., =F - (1-R) (5-2)
i/m o

The first term in Equation 5-1 accounts for the reduction in defects ‘

due to tampering. Defects which never occur due to the would-be tamperer

having been deterred by the I/M program obviously contribute proportiomally to

reducing defect frequency. For defects which are caught and fixed by the

5-2
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program, the results are less obvious. If tampering were a completely random
act, then each vehicle would operate with its defect, on average, for half a

year before it was detected and corrected, and the appropriate value for P

1
would be 0.5. TIf all tamperers, once caught, were completely deterred, then
long—term value of P, would be close to 1.0. If, on the bther hand, all

1
tamperers immediately tampered again afrer completing the I/M inspection, the
value of P1 would be nearly zero. For this study, P, was taken as equal to

o

QLE for the annual inspection programs, and as 0.35 for the biennial programs.

The second term in Equation 5-1 reflects repairs to non-tampering
related defects. Those non-tampering defects which are detected, and which do
not receive a waiver due to cost exceedance, will be repaired. Some of those
defects would not have been repaired except for the I/M program, while some
would have been repaired in the future. The term involving‘P2 accounts for
the reduction in defect frequency due to repairing the problem now, rather
than at somé time L in the future. This reduction is equal to the fraction of
a year that the vehicle would have operated with the defect in.the absence of
an I/M program. For an annual inspection program, the average value for this

fraction is one-half of L, and the value of P2 is 0.5. For a biennial pro-

gram, P2 has a value of 0.25.

The term in Equation 5-1 involving P3 accounts for the reduction in
emissions due to repairing defects which would not otherwise be repaired over
the life of the vehicle. Most vehicles in this situation have only limited
remaining life. We assumed that, on average, this remaining life would amount
to about 2 years. This results in a value of 0.8 for P, for the annual

3
inspection cases, and 0.6 for the biennial inspections.

For the in-use inspection scenarios, the "inspection frequency" is
not well defined. For these cases, we defined an "effective inspection
fréquency“, which differed for different types of defects. For visually
obvious defects, such as heavy continuous smoke, the effective inspection

frequency was taken as fairly high——up to twelve times per year. For defects
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rhat would only be detected in an underhood inspection, the effective inspec—
tion frequency was wmuch lower, typically once per year. The parameters Pl’
P2’ and P3 were .then defined as functions of <the effective imspection

frequency.

I+ should be noted that this simplified model of I/M effectiveness
is applicable only for a "steady-state" program-—-i.e. only after the program
has operated for long enough that all vehicles have been through it at -least
once. No attempt has been made to account for the "phase-in" effects duringe

the first year or two.

Repair costs and probability--the model described above can also be

used to estimate the average costs per vehicle for emissions-related repairs
and corrections to tampering, as well as the probability that such repairs
will be reqﬁired. Assuming that a given defect costs Q dollars to repair, the
average cost per vehicle Qavg for non—tampering repairs due to that type of

defect as a result of the I/M program is given by

Q =qQ - (1-T -}z -« (I-W) - (P, <L (1-N)+N) (5-3)
The average costs per vehicle to repair tampering are given by

Q =qQ-T=- (1-D) -C (5-4)

The aggregate repair costs for all types of emission-related defects can be

calculated by summing the values of Qavg calculated for each defect.

The fraction of vehicles in the fleet requiring repairs for a given

type of defect is given by

F=7T-(1-D)-C + (l—T)-Z-(l—W)~(P2-L-(1~N)+N) (5-5)

5-4
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To calculate the aggregate fraction of vehicles requiring repairs due to all
defects is more complicated, however. Since a vehicle may require repairs for
more than one defect at a time, it is necessary to account for the overlap.
If vehicles of a given class have a probability Pa of needing repairs due to
defect A, and probability Pb of needing repairs for defect B, then the

probability of needing repairs for defect A or B or both is given by

Pab = Pa + By - Pa-Pb (5-6)

if defects A and B are independently distributed.

To calculate the fraction of vehicles requiring repairs, the differ—
ent types of defects were first combined into groups of nutually exclusive
defects. For example, retarded injection timing and advanced injection timing
are mutually exclusive, so the repair frequencies for these defects can simply
be added. The same is true for the different severities of fuel injection

problems, catalytic converters and traps, and so forth.

The probability distributions for each such group were assumed to be
independent of the distributions for all other groups, so that they could be
combined by a recursive application of Equation 5-6. This assumption probably
resulted in overestimating the number of vehicles requiring repairs, since the
probability of requiring different sorts of repairs is not really independent-—
ly distributed. As is well known, a poorly maintained vehicle is much more

likely to require repairs of all sorts than a well-maintained vehicle.

The values of Q used in Equations 5-4 and 5-5 were taken from Table
3-5. These values were modified, however, to reflect the effects of repair
cost limits where these were applicaﬁle. In some cases, a vehicle owner might
decide to repair a defect, even though the cost would exceed the cost limit.
In this case, it would be inappropriate to allocate the full cost of the
repair to the I/M program, since the repair obviously had some value to the

owner over and above the repair cost limit. Thus, the maximum repair cost

5-5
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allocated to the program for any one defect was limited to no more than <the

repair cost limit for the given scenario.

Fines for tampering-—In the Case 2 and Case 2a scemarios, vehicle

owners were assumed to be subject to a substantial fine if they were caught
operating a tampered vehicle. The fraction of vehicles in which tampering is

detected is given by
F=T+. (1-D) - C : (5-7)

Tampering would not necessarily-be provable in all of the cases in which it
was detected, however. In addition, there would Dbe scme tendency to issue
warnings, nominal fines, etc. to first of fenders and perceived "special™
cases. This would reduce the fraction of the vehicle owners caught tampering
who were actually fined. For this study, we assumed that 50% of the detrected

cases of tampering would result in fines.

Of fensive smoke——One objective of this project was to quantify the

effects of alternative I/M programs on occurrences of offensive visible smoke.
This proved very difficult to do, and only a rough solution was possible.
This rough solution involves the definition of an offensive smoke index, which
is a dimensionless value which can be considered to be related to the frequency
of occurrence of offensively smoky trucks and buses ir the population. As a
rough guide, a truck would be considered to be offensively smoky if it had an
acceleration smoke opacity of 40 percent or more, or a steady-state smoke
opacity exceeding about 15 percent. For buses, the criteria for of fensiveness

would be about 20 percent and 8 percent, respectively.

To calculate the offensive smoke index for the vehicle fleet, we
assigned visible smoke indices ranging from zero to 1.0 to each type of
emissions—related defect. Low indices were assigned to those defects having
1ittle or no effect on visible smoke, while high indices were assigned to

defects (such as severe injection problems and disabled puff limiters) which

5-6
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result in very high smoke emissions. The offensive smoke index for a given
vehicle class was then obtained by multiplying the smoke index for each defect
by the frequency of occurrence of that defect in that class, and then summing
over all defects. This formula was suitable for model years up to 1990. For
1991 and later years the calculation was modified to reflect the effects of
trap-oxidizers. A vehicle with a functioning trap-was assumed to be unable to
emit offensive levels of smoke except when operating in the bypass mode; which

was assumed to occur 10 percent of the time.

5.2 I/M Program Scenarios

In ordér to estimate the effects of the different I/M program
scenarios in a consistent way, we prepared a different set of I/M model
parameters for each scenario, varying the parameter values assumed in order to
reflect the scenario characteristics. ‘The input assumptions for each
scenario, as well as the resulting reductioqs in defect fréquency, are shown
in Tables 5-1 through 5-9. The remainder of this section discusses the
assumptions and considerations which entered into each of‘these sets of médel

inputs,

The reader is cautioned not to rely overmuch on the specific values
shown in these tables, or in the tables of model results which presented in
the following sections. Due to the absence of actual data on I/M program
effectiveness for heavy-duty diesels, the inputs and outputs shown contain
considerable uncertainty, and their precise numerical accuracy should not be

relied on.

This should not be taken as implying that the results presented here

are useless as a guide to policy, however. Because the assumptions and

| approaches used are consistent from scénario to scenario, we have considerable
confidence in the model's indications of the relative effectiveness of differ-
ent I/M approaches, even though the absolute numbers calculated include much

uncertainty. These data should be understood and interpreted in this light.
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Case 1--This scenario is intended to reflect the results of an
effective and vigorously enforced periodic I/M program. We assumed that the
presence of the I/M program would deter most tampering with emissions
controls. However, much of +the tampering which would occur under this
scenario was assumed to be done "reversibly", so that it could be put right
before taking the vehicle in for inspection. The rate of detection of
tampering was thus assumed to be rather low. Detection rates for most
maintenance-related items were assumed to be fairly high, reflecting the
effectiveness of the combined smoke and gaseous emissions measurements.
Waiver rates were set fairly low, to reflect the $1,000 cost limit in <his

scenario.

Case la—~-This scenario is similar to Case 1, but reflects the more
effective inspection possible in a centralized I/M program. ' This results in
greater tampering deterrence and higher detection rates than for the

decentralized case.

Case 1lb--This scenario is identical to Case 1, except for the lower

repair cost limit, which resulted in higher waiver rates.

Case lc--This scenario is also identical to Case 1, except for the

zero waiver rate, reflecting the absence of a repair cost limit.

Case 1d-—This scenario is similar to Case 1, but reflects the
effects of omitting the gaseous emissions measurements. This results in lower
rates of defect detection and tampering deterrence, especially for those

defects which would increase HC or NOx emissions, but not visible smoke.

Case le——This scenario is similar to Case 1, but involves a biennial
inspection rather than an annual one. The longer period between inspections
was assumed to reduce tampering deterrence somewhat, as well as reducing the

impact of required repairs on the overall defect frequency.
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Case 1f--This scenario reflects the application of the current Smog
Check law, including the $100 repair cost limit. This results in waiver rates
of nearly 100 percent for most types of defects. The rates do-not actually
reach 100 percent, since some vehicle owners will choose to repair a defect
even if the cost exceeds the cost limit. This scenario is otherwise similar

to Case le.

Case 2--This scenario reflects the assumed results of a vigorous
in-use smoke enforcement and anti-tampering inspection program. The tampering
deterrence and detection rates for this program were assumed to be fairly
high, since inspections would be frequent and unpredictable, and since prov-
able <tampering would result in a large fine. Detection rates for smoke—
related maintenance problems were also taken to be fairly high, although not
as high as for the dynamometer tests. This was offset by the greater frequency
of inspectien, resulting in a much greater -probability of detecting and
correcting a defect before it would be repaired in any case. Detection rates
for non smoke-related defects were estimated to be fairly low. The waiver
rates for this scenario were assumed to be similar to those for Case 1,

reflecting the similar cost limits. .

Case 2a-—This scenario is identical to Case 1, except that the

waiver rate is taken as zero, reflecting the absence of a repair cost limit.
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6.0 MODEL RESULTS: REDUCTION IN EMISSIONS

The I/M effects model described in Section Five was combined with
the estimated frequency of occurrence of emissions—related defects for the
baseline (no I/M) case to produce a modified set of frequency of occurrence
estimates. The derivation of the baseline frequency of occurrence estimates
is described in Volume II. These modified frequency estimates were used as
iﬁput to the model of heavy-dﬁty diesel emissions and fuel consumption which
is also described in Volume II. This resulted in a new set of projections of
total and excess heavy-duty diesel emissions for each of the nine I/M scenarios
considered. Figures 6-1 through 6-5 summarize the results of these calcula-
tions for the three years 1990, 1995, and 2000. The year-by-year results of

these model runs are given in the Appendix.

Figure 6-1 compares the projected emissions unde; each of the I/M
scenarios considered in fhis report with tﬁe emissions for the baseline (no
I/M) case for the year 1990. Figures 6-2 aﬁd 6-3 perform similar comparisons
for the years 1995 and 2000. Figures 6-4 and 6-5 provide more detail on the
reductions in excess emissions under each scenario. Figure 6-4 shows the
emissions reduction for each pollutant (in tons/day, statewide) in 1990, 1995,
and 2000, while Figure 6-5 shows the percentage reduction in excess emissions

of each pollutant for the same years.

Several features of the data presented in these figures are worthy
of note. TFirst, excess NOx emissions (while large in absoclute terms) are
still a fairly small fraction of total diesel NOx. Thus, although some
programs can significantly reduce excess NOx emissions, this effect is small
in proportion to overall NOx emissions from heavy-duty diesels. This is not
the case with HC or PM emissions. Since excess emissions of these pollutants
account for a large fraction of total heavy—duty diesel emissions, an I/M
program which significantly reduces these excess emissions can have a marked

effect on the overall total.
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As Figure 6-4 indicates, all of the annual inspection programs are
reasonably effective in reducing excess NOX, but they are less effective in
reducing HC and PM emissions. The c¢entralized program in Case la 1is
marginally more effective in this regard, reflecting the greater probability
of deterring or detecting tampering with the central inspection. All of_these
programs are hampered, however, by their relatively infrequent and predictable
inspections, which limit the deterrence of "reversible" tampering, and which
do relatively little to reduce the overall incidence of non-tampered
high—~emitting vehicles. The in-use inspection programs, on the other hand,
are highly effective in reducing particulate and HC emissions—-resulting in
more than a 50 percent reduction in excess PM. These progranms afe less
effective in reducing NOX, however, especially in the earlier years of the

program.
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7.0 MODEL RESULTS: REPAIR COSTS, REPAIR PROBABILITY, AND OFFENSIVE SMOKE

As discussed in Section Five, the model of I/M program effects
developed for this report was able to calculate, as a by-product of the
frequency of occurrence of specific defects, the average cost per vehicle for
repairs required by the I/M program, and for the dorrection of tampering. In
additien, this model estimated the fraction of vehicles requiring I/M repairs,
the of fensive smoke index, and (for Cases 2 and 2a) the fraction of vehicles

fined for tampering.

The average costs per vehicle for repairs and for correcting tamper-—
ing enter into the calculation of overall program costs. So, too, does the
fraction of the vehicle fleet requiring repairs, since this will affect both
the number of re-inspections and the indirect cost of lost time for repairs.
The data on the offensive smoke index are used in the next section to calcu-
late. the percentage reduction in offensive smoke due to the I/M program.
Finally, the fraction of the vehicle fleet which is fined for tampering will
clearly affect the costs to the truck owner and the revenues to the Government

as a result of the program.

These values were calculated separately for vehicles in each of the
11 vehicle classes considered, for each of four gfoups of model years (corre-
sponding to different emissions control technologies). The results of these
calculations are shown in Tables 7-1 through 7-9., For the periodic inspection
scenarios, the values shown reflect the results of a single (annual or bienni-
al) inspection--thus, for the biennial inspection cases, the average costs per
year would be only half of the wvalues shown. For the in-~use inspection
scenarios, the values reflect the results of operating for one year while

subject to the program, and the values shown are thus annual costs,

Several points concerning these tables are worth noting. TFirst, as
these tables show, the average cost of I/M repairs per vehicle varies consid-

erably from one scenario to another, but is always quite low compared to the
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total annual maintenance costs for a heavy truck. Thus, the I/M program would
not result in a major increase in repair costs. Similarly, even in the in-use
inspection scenarios, only about 25 to 50 percent of the trucks operating
would be required to be repaired in a given year. The probability of receiv-
ing a fine 1is 'also very low--ranging from 1 to 8 percent, depending on the
model year and vehicle class. Thus, this program would not pose a crippling

burden either for the individual truck owner or for the trucking industry.
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8.0 MODEL RESULTS: PROGRAM COSTS, COST-EFFECTIVENESS, AND SMOKE

As discussed in Section Four, the costs of an I/M program can be
divided into those costs borne by the vehicle owner and government enforcement
and administration costs. This section presents our estimates of the aggre-
gate cost of each of cur I/M scenarios to vehicle owners, and to society as a
whole, as well as the cost—effectiveness of each approach for particulate
emissions control. Costs and cost-effectiveness are calculated for three

years spanning the time range of interest: 1990, -1995;—and 2000.

8.1 Program Costs to Vehicle Owners

The costs of the I/M program to a vehicle owner consist of the

following:

. State charges for a Smog Certificate (including the cost of
inspection in centralized programs);

. Private garage inspection fee for decentralized programs;

. Value of truck and driver time spent undergoing inspection;

. Cost of any additional repairs required by the I/M program,
over and above the repairs that the owner would make anyway;

) Cost of correcting any tampering detected;

. Cost of reinspection after repairs;

. Value of truck' and driver time lost due to repairs and rein-
spection;

. Any fines imposed for tampering or excessive smoke.



AN
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In order to estimate the overzll costs of each I/M scenario, we calculated the
total cost of each of these components for each class of vehicles included in
the wmodel. Costs were calculated by multiplying the number of wvehicles
affected by each cost element by the estimated cost per vehicle. The results
of these calculations are presented in Tables 8-1 through 8-3. The details of
the assumptions made in each case are discussed below. Estimates of the
number of vehicles included in each class and model year group for the three

program years of 1990, 1995, and 2000 are given in the Appendix.

Tnspection costs——For Cases 1, 1b, le, le, and 1f, the cost of an

initial I/M inspection for a medium-heavy or heavy-heavy vehicle was assumed
to be $75, plus a $17 fee the Smog Certificate, as discussed in Sectiom 4.2.1.
For light-heavy duty vehicles, the inspection fee was taken at $60. For case
1d (no gaseous emissions) the inspection fees were assumed to be $10 lower,
reflecting the lower capital and oﬁerating costs of the inspection setup. The
fee for reinspection after repairs was assumed to be the same as for <the

initial inspection in each case.

For Case la (central inspection), the inspection fee was taken at
81060 per wvehicle, regardiess of size, based on the discussion in Section
4.2.2. Reinspections were assumed to be free of charge. For Cases 2 and 2a,
no fees were assumed for the initial inspection. A reinspection fee of $40
was assumed, however. This would cover the cost of a fast opacity check at an

authorized garage.

Total inspection costs were calculated by multiplying the costs per
vehicle discussed above by the total number of vehicleé subject to inspection.
For the initial inspection, this is simply the number of California-registered
vehicles. TFor reinspection, the number of vehicles subject to imspection in
each class was multiplied by the I/M failure rate (probability of requiring

repairs) for that class to arrive at the total number being reinspected.
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CORPORATION

Repair Costs——The average-costs per vehicle for repairs and for the

correction of tampering were calculated by the I/M effects model described in
Section Five. These data were presented in Tables 7-1 through 7-9 above. To
arrive at the total costs for each vehicle class, it was necessary only to
multiply the average costs per vehicle by the. total number of vehicles in each

class.

Indirect Costs——The value of vehicle and driver time lost due to I/M

inspections and repairs was calculated using the approach described in Section
4.2.3. The initial I/M inspection was assumed to require three hours of
vehicle and driver time per vehicle, at a cost of $90 for heavy-heavy and
medium-heavy duty vehicles, and $60 for light-heavy duty vehicles. Transit
buses were assumed to lose no time on the inspection, as this would be done

on—-site as part of the maintenance program.

Repairs required as a result of the I/M program were assumed to
consume an additional -day of vehicle time and two hours of driver time for
vehiclés failing the I/M test, resulting in a cost of $120 for heévy—heavy and
medium heavy vehicles and buses, aﬁd 870 for 1light-heavy duty vehicles. For
the decentralized programs, it was assumed that most such repairs would be
done at the same shop as the inspection, so that there would be no additional
indirect costs for reinspection. For Case la (centralized inspeection), an

three hours of vehicle and driver time was assumed for the repeat inspection.

Fines——As discussed in Section Five, the I/M effects model estimated
the fraction of the vehicle fleet that would be fined for tampering under the
two in—use inspection scenarios. These estimates were based on the assumption
that about half of the detected cases of tampering would result in fines. To
estimate the total fines levied on each class, the fraction of vehicles of
each class receiving fines was multiplied by the total number of vehicles in

that class, and by the nominal amount of the fine-—$1,000.
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Offensive Smoke--Because of the computational structure of the

model, it was most convenient to calculate fleetwide average offensive smoke
indices at the same time as the total costs. Figure 8-1 compares the
resulting average smoke indices for each scenario with those for the case with
no I/M program. As this figure indicates,_the smoke estimates more or less
follow the particulate estimates presented in Section Six. All of the annual
inspection cases produce a 30-40 percent reduction in offensive smoke
incidence, while the biennial inspections are less effective. The in-use
smoke enforcement programs offer the greatest reductions, however, resulting

in a 50-60 percent decrease in offensive smoke.

As Figure 8-1 also shows, the offensive smoke indices fér all of the
scenafios, including the baseline, are projected to decline sharply between
1990 and 2000, due to the increasingly stringent particulate standards during
that period: Therefore, the quality—of-life benefits of reducing offensive
smoke via an I/M program would also declime, unlesé people become propor-

tionally more sensitive to offensive smoke as the incidence decreases.

8.2 Social Costs and Cost—Effectiveness

The total costs to society of an I/M program include the costs to
the wvehicle owner, as presented in Tables 8-1 through 8-3, fuel costs or
savings; and the costs to the government of administering and enforcing the
program. Government administration and enforcement costs were estimated in
Section Four. Fines and Smog Certificate fees paid by the vehicle owner are
not included in social costs, as these represent a transfer payment rather
than an actual consumption of resources. The amount of the fine or fee
appears as a component of the truck—owner's cost, but the cost to government
is reduced by the same amount. Except for Case 1f (current Smog Check Law),
the fees or fines charged in each of the I/M scenarios consiﬁered here are at

least adequate to offset the costs to the government,
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The resulting social cost calculations for the program years 1990,
1995, and 2000 are shown in Tables 8-4 through 8-6. These tables also show
the net reduction in emissions due to each program, and the cost-effectiveness
of each program for particulate emissions control. Overall and cost-ef-

fectiveness estimates for each scenario are summarized in Figure 8-2.

To calculate the cost—effectiveness of an emissions control strategy-
such as I/M--which affects more than one pollutant reqhires that some assump-
tions be made as to the proper allocation of costs between the different
pollutants. For our calculations, we assigned each program a credit of $4,000
per ton of NOx or HC reduced, and assigned the remaining costs of the program
to particulate control. Making these assumptions, we were able to calculate
the cost-effectiveness of each program as a particulate control measure,
treating the HC and NOX reduction benefits as side—effects, The value df
$4,000 per ton of HC and NOx eliminated is fairly typical of other ongoing.
emission control initiatives in California, although many approaches with

higher and lower cost-effectiveness values have also been recommended.

As Figure 8-2 shows, the most cost-effective I/M program scenarioc by
our calculations is Case 2, followed by Case le. Case 2 also results in the
second.largest reduction in particulate emissions (after Case 2a), and the
third-largest NOx reduction., This scenario thus appears clearly preferable
overall, Cases 2 and le are followed by the other cost-limited periodic
inspection programs. These are grouped fairly closely in cost-effectiveness
and overall results, although Case la (centralized inspection) has somewhat of
an advantage. This shows that centralized inspection is superior to even an
effectively administered and enforced decentralized program. The advantage of
centralized inspection over a less vigorously enforced decentralized program

would be much greater.

By far the highest costs-per—-ton of emissions control are calculated
for Case lc¢, without a repair cost limit. This is due to the very high costs
of engine overhaul included in these cases. These calculations overestimate

the actual economic costs somewhat, since overhauling an engine increases its
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Figure 8-2. Comparison of I/M Scenarios: Cost Effectiveness
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value and useful life. Nonetheless, it appears that some reasonable limit on
repair costs is needed in a heavy-duty diesel I/M program in order to keep

overall program costs and cost—effectiveness reasonable.

The cost—effectiveness calculations shown in the tables include an
explicit accounting for "indi:ect" costs and benefits to the truck owner.
These include lost truck and driver time, and fuel consumption effects. These
are a large fraction of the total costs of the program. For compatibility
with some other cost—effectiveness estimates for I/M programs, we also
calculated the cost—effectiveness omitting these cost elements. Omitting
+hese elements reduces the calculated cost of the program considerably-—to the
point that the cost is less than the credit for HC and NOX reductions, in some

cases.
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