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FOREWORD

A variety of organizations, too nunerous to list on the report
cover page, provided valuable service to this project and hel ped
lead to 1ts successful conpletion.

Phase 111 of the project consisted of the derivation of the inpacts
analysis results for each of the two advanced hi %l_hway t echnol ogy
scenari os. Wrk was perfornmed primarily by PATH and SCAG In

addition, PATH provi ded managenent overvi ew including handlin
adm ni strative issues and docunentation review. Systens Contro
Technol ogy, Inc., a PATH contractor on a related project and the
University of California at Davis al so provided technical support.

The following were the principal contributors from each supporting
or gani zati on:

PATH: Mark M1ler, Project Mnager _
Steven Shladover, PATH Deputy Director

SCAG Anne Bresnock, Project Coordinator & Senior Planner
W1 liam Boyd, Project Manager
Hong Kim Principal Planner
Teresa Wang, Senior Planner

Systems Control Technology, Inc.: Edward Lechner, Senior Engineer
Dani el Enpey, Senior Engineer
Jill Josselyn, Senior Engineer

University of California at Davis Daniel Sperling, Professor
Quanl u Wang, Assistant Research
Engi neer

A Project Advisory Goup was formed at the beginning of the study
to provide guidance regarding study goal s/objectives, specific
met hodol ogi cal approaches, schedule and mlestone review, and

overal | project eval uation. The nmenbership was conprised of
i ndividuals from acadenia, as well as the private and public
sectors, with interest in the applications of advanced

transportation technologies. The menbership list is provided at
the end of the report.

Funding for this project was provided by the United States
Department of Transportation, Federal H ghway Adm nistration, the
State of California, Business, Transportation, and Housing Agency,
Departnent of Transportation, and the Southern California
Associ ation of Governnents.
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6.0 MOBILITY ANALYSIS OF FI NAL SYSTEM DESI GNS

This report represents the third, and final, phase of the Hh%hmag
El ectrification and Automation Technol ogi es Regional Inpact

Anal ysis Project (HE&A) which was begun approximately three years
ago as a joint research effort by Southern California Association
of Governnents (SCAG and the PATH fproglr_am at the Institute %f
Transportation Studies, University of California, Berkeley. The
focus of the Phase Il report is the assessnent of regional inpacts
associated wth application of roadway electrification, and
aut omati on technologies to selected freeway sections in the
Southern California region

Summarv of Phase | and || Reports

The HE&A project's Phase | report included a summary of the
assenbl ed data and 2025 baseline (or no advanced technol ogi es)
forecasts of transportation demand, utility sector demand, and

electric vehicle nmarket penetration. BaSel i ne nobile source
em ssions data associated with the 2025 transportati on demand
forecast were reviewed in the HE&A project's Phase Il report.

Continuing traffic congestion, reliance on fossil fuels, and air
qual ity deterioration indicated in those reports for 2025 are the
primary nmeasures targeted for reduction via application of the
advanced technol ogi es evaluated in this study.

The Phase Il report's primary goal was to devel op the nodeling
frameworks for sinulating inplenmentation of the advanced techno-
logies. The report presented the criteria utilized to select the
SEecific configurations for each advanced technol ogy system Fur-
ther, physical characteristics underlying the scenario devel opnent
for these technol ogies were delineated in the Phase Il report. An
eval uation of scenario devel opnent considerations, such as capita
and operating costs, technological availability, fundability,
organizationa? feasibility, ease of inplenentation, construction
phasi ng, other operations ‘issues, social and political acceptance,
and nonitoring concerns, were discussed for each technol ogy.

Phase |11 Coveraae

The Phase Il report begins with descriptions of the specific
advanced technol ogy scenarios that are fundanental to the regiona
i npacts assessnment.  Section 6.1 identifies the alternative sce-

nari o designs for each technology that were derived fromthe

sel ection of the basic technol ogy scenarios given in the Phase |
report. In Section 6.2, nodeling considerations related to the

transportati on assi gnnent mnet hodol ogi es corresponding to each
scenario are provided. Section 6.3 contains the assessment of the

roadway electrification and highway automation system scenari os'
i npactS on regional nobility. though roadway electrification is

not expected to have .appreciable effects on regional mobility,
nmobi lity estimates were devel oped to determ ne possible nobility
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deterioration associated with alternative scenario specifications.

In conparison, nobility inprovenents _are presuned to be of primry
i nportance for highway automation. Thus, in addition to presenting
hi ghway automation 1npacts on the region, counties, regiona

statistical areas, and freeway segnents to which the technol ogy was
applied, Section 6.4 investigates the effects of highway automation
on regional sub-area arterials and freeway ranps adjacent to the
automat ed freeway sections.

Q her regional inpacts, such as fossil fuel energy consunption and
utility demand associated with roadmay electrification, and air
quality inpacts and other environnental issues pertaining to each
technol ogy are summarized in Sections 7.0 - 7.4. Section 7.1
specifically provides a conparative analysis of the petrol eum and
ot her energy uses for each RPEV scenario with the baseline scenario
for different vehicle types. In Section 7.2, baseline em ssions
are contrasted with the em ssions that correspond to each roadwa
electrification and highway automation scenario. Section 7.
details the calculations of total electricity demand required for
each roadway el ectrification application. Q her environnental
I ssues sunmmarized in Section 7.4 related to roadway el ectrification
i nclude battery disposal and el ectronagnetic fields considerations.

The econom c assessnent of roadway electrification is provided in
Sections 8.0 - 8.5. An overview of the cost nodel nethodol ogies
utilized to devel op the user cost and regional econom c cost esti-
mates are given in Section 8.1. Identification of the input para-
meters and results for the base case user and regional cost nodels
are provided in Section 8.2. A sensitivity analysis of user and
regional costs is developed for roadway electrification in Sections
8.3. Conparisons of gasoline vehicle and baseline roadway powered
el ectric vehicle (RPEV) user costs are also included in the sensi-
tivity analysis. Section 8.4 provides a qualitative assessment of
the roadway electrification systems inpact on the regional econo-

. Alternative policies to inplenent the roadway electrification
system are anal yzed in Section 8.5.

Denonstration opportunities for roadway electrification and hi ghway
automation conclude the report in Sections 9.0-9.5 and 10.0-10. 5.
Section 9.1 identifies several possible applications for roadway
electrification while Section 9.2 sumuarizes the playa Vista test-
ing and denonstration study. In Section 9.3 freeway and arteri al
dempnstration opportunities are evaluated. Section 9.4 describes
ongoi ng RPEV research needs, and Section 9.5 provides guidelines
for devel opnent of an evaluation plan for future denonstration pro-
jects. Section 10.0 contains recomendations concerning. feasible
timeframes for inplenenting highmag automation. In Sections 10.2
and 10.3 sone potential costs and benefits corresponding to inple-
nenting the automation technology are presented. FinalTy, Section
10.4 discusses social and institutional inmpacts of highway automa-
tion, and Section 10.5 gives strategies for denonstrating the
automated technol ogy.
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6.1 ADVANCED TECRNOLOGY SCENARI O DESCRI PTI ONS

In the Phase Il report sensitivity analysis of AMpeak trip
distribution data were analyzed enploying alternative vMT market
penetration and network size assunptions to guide selection of the
specific configurations for the 2025 roadway electrification and
hi ghway automation scenarios. The nethodol ogies which led to the
choice of these scenarios incorporated physical characteristics of
each technology, and identification of the potential nunber of
trips, and associated vMTr, that could be serviced with the
t echnol ogi es. The final freeway network configurations given in
that report conbined statistical data associated wth the
distribution of trips, and reviewer coments on our analysis as

presented in the draft of the Phase Il report.

H ahwav Aut onation

The final highway autonmation scenario enconpasses an_anbitious
freeway network size, approximately 2,16 lane niles, and

I ncor porates a 45% AM peak vMT nar ket penetration, or 24,268,500
VMI, which represents 19.3% of total AM peak trips, or 1,047,699
trips. It was assuned that short freeway trips, those |ess that
4.0 mles in length, would not utilize the automated facility. The
choi ce of an anbitious network size coupled with a 45% mar ket
penetration was selected to allow sufficient devel opnment of the
technology for eval uation purposes. The automation scenario
network defined in the Phase Il report was accepted w thout further
nmodi fication for use in the inpacts analysis. Figure 13 repeats
the 2025 automation scenario network for ease of exposition in this
report. (See also Figure 11, p. 5-25, Phase Il Report).

Several design considerations incorporated in the devel opnent of
the autonation scenario are inportant to review. To ensure maxinmum
safety, automated |anes are nodeled as separate facilities

t hroughout the analysis. That is, only trips designated as
automated trips are permtted access to the specified automated
| ane/s. Non- aut omat ed, or trips perfornmed by conventional

vehicles, travel in mxed flow |anes. Automated vehicles traveling
in 15 vehicle platoons at 55 nph are assunmed to enable |ane
capacities to reach 6,000 vehicles per lane per hour. Figure 14
depicts the communication and |ateral guidance controls Ihab woul d
be operational in an automated hi ghway system Automatic braking
and headway keeping are additional features of a fully autonmated
system but are not shown in Figure 14.

It was previously asserted that special access and egress
facilities, such as additional ranps for automated traffic, would

not be nodeled in this study. This report expands on the previous
work in this area to includé two automation scenarios: One without
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additional ranp facilities, thus including only those ranps that
may be utilized by passage from m xed flow | anes, and a second that
i ncorporates additional ranp facilities to allow automated vehicles

to separately exit the freeway to adjacent arterials. In the first
scenario, automated vehicles wuld necessarily merge with m xed
flow traffic prior to Ieavin? the freeway system Such nerge
points occur at approximately five mle intervals or less and were

designed simlarly to the nerger points described in the roadway
electrification scenario. The two automation scenarios are
refereed to as the base network ranps and the additional ranp
facilities scenarios in all subsequent analysis.

Roadway Electrification

The final roadway electrification scenario includes a nodest
freeway network size, approximately 1,035 lane mles, and assunes
a 15% AM peak vMT market penetration, or 6,632,400 VMI, which
represents 3.28% of total AMpeak trips, or 173,410 trips. High
per mle infrastructure cost was the primary concern in selecting
the size of the freeway network. Conservative evaluatior of the
mar ket penetration of the roadway electrification technology also
supported the choice of a small network size. The choice of the
nunmber of l|anes to which the technolo?y was applied on the RPEV
network was determ ned by analysis of traffic volumes on that
freeway network. The conplete methodol ogy used for the selection
of the nunber of |anes for each electrified freeway segnent is
given in the Phase Il report.

The nunber of |anes contained in the roadway electrification
network was nmodified slightly for the final system analysis from
that presented in the Phase Il report (see Table 5.1, p. 5-9). A
reassessnent of nodel output of traffic volumes fromthe RPEV trip
assignment to the regional highway system indicated that sone
tapering of the number of |anes on certain long freeway segnents
was warrant ed. These nodifications in the nunber of |anes are
included in the final [ane recomendations shown in Table 6.1. For
exanmple, |owering the nunber of lanes on the 5(S) from3 to 2 |anes
at the Jeffrey Road Interchange, and decreasing the nunber of |anes
on the western portion of the 101 freeway from2 to 1 at Thousand
Oaks (Jct. of Rte. 23), were included in the revisions. AppendiXx
M lists the conplete breakdown of the freeway sections contained in
the roadway electrification scenario, and the total nunber of I|ane
mles associated with each segnment. Figure 15 depicts the RPEV
scenario that provides the basis for all subsequent analysis.

In addition to the specifications for the RPEV scenari o network
given in Table 6.1, it is inmportant to recall a few suppl enmentary
desi gn specifications of the RPEV system The assunption of a
derated battery range of 40 mles was inbedded in the devel opnment
of the RPEV scenario. The derating factor is defined as the ratio
bet ween conventi onal gor total) and derated battery range, and is
a function of the daily travel and recharging pattern for each
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Table 6.1 Roadway El ectrification Scenario:
Final” Lane Recommendati ons'

Freewav Sections Number of Lanes’

405 (N)

405 (s) '
5 (N) 2,1
5 (S)

110

10 (W) ’

10 (E)
105
57 1
91 2
101 2,3

g
I

Lane recommendations are revised fromthose

givgngin the Phase Il report, Table 5.1,
p. 5-9.

= Sone freeway sections have two |ane recom
mendations due to | ower volunes on those
segments. Also see Appendix M
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vehicle.  The previous sensitivity analysis with respect to
alternative battery ranges, and know edge of battery technol ogy
progress suggested this choice for the study.

Lane capacity restrictions were not required for the roadway
electrification technology although attention was given to
desi gnating an RPEV network that kept volume/capacity ratios as
cl ose to one as possible. In cases where V/C ratios were above
one, conparisons of V/C ratios on parallel RPEV and m xed fl ow
freeway lanes were conpared to determ ne whether the RPEV facility
was of sufficient size to accomodate the demand in those freeway
sections. In some cases, relatively high |levels of congestion were
experienced simlarly across all |lanes of the freeway sections,
i.e. 5(8? between the 10 and the 55, 10(W) between the 110 and La
Brea Boul evard.

Speci al access and egress facilities were not nodeled in the
anIications of roadway electrification to the freeway system i.e.
fly-over ranps connecting RPEVs directly fromelectrified roadway
| anes to adjacent arterials. The RPEV facility configuration does
not, however, allow RPEVs access and egress to arterials at al
points provided for mxed flow traffic in the base network. The
system design requires RPEVs to traverse mxed fl ow lanes-to enter
or leave the RPEV facility in order to utilize access and egress
opportunities that connect mxed flow |lanes to surroundi ng ranps
and arterials. RPEV facility mergers with mxed flow traffic occur
approximately every five mles or |ess depending on the nunber of
ranp connectors and the traffic volune on a particular freeway
section. For exanple, on the 10(W) freeway segment between the
Route |/Lincoln Boulevard intersection in Santa Mnica and the
405(N) intersection, there are three access/egress points for m xed
flowtraffic -- at Cloverfield/26th Street, Centinela Avenue, and
Bundy Drive. RPEVs entering the roadway electrification facility
at Route I/Lincoln Boulevard nmay nmerge with mxed flow traffic only
at Centinel a Avenue. Should RPEVs wish to enter or exit the
power ed roadway | anes at cloverfield/26th Street or Bundy Drive,
they nust nerge with the mxed flow traffic prior to those entry or
exit points so as to utilize the ranp facilities provided fromthe
m xed flow lanes to arterials at those intersections. In this
example, the RPEV/mixed fl ow nmergers occur at roughly two mle
intervals, whereas on the 101 freeway in the western sections of
the San Fernando Valley, or on the eastern portions of the 10
freeway, RPEV/mixed flow merger opportunities were devel oped at
approximately five mle intervals. In selecting the merge points
for RPEV and mixed flow traffic, attention was given to the
| ocation of concentrated activities, such as airports, business
centers, maj or  shopping devel opnents, large sporting or
entertai nnent conpl exes, etc. Merger points relative to such
activity centers were designed to mininize travel inefficiencies,
that is, to allow mnimal interference of the facility
configuration and the travel path of the RPEV trip.
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Lane separation facilities between RPEV and m xed flow | anes were
not nodeling requirements for the RPEV facility design since the
t echnol ogy does not prohibit RPEVs from traveling with conventional
traffic. Considerations regarding separation of RPEVs from m xed
flow vehicles may, however, assist in connecting roadway costs to
users that travel on the powered roadway infrastructure. Although
el ectronic toll collection devices could be utilized to determ ne
RPEV usage of the roadway for user financing purposes, two RPEV
scenari o assignnents were designed to analyze the inpacts of

separate and non-separate RPEV facilities. The RPEV excl usive
scenario allows only trips perfornmed by RPEVs to travel on the RPEV
| anes. The RPEV non-excl usive scenario permts all trips to

utilize the RPEV |anes to conplete their travel plans. These two
RPEV scenarios are developed in the assignment stage of the
model i ng process to examne the results of this consideration on
regi onal 1 npacts.

6. 2 TRANSPORTATION TECHNOLOGY ASS|I GNVENT METHODOLOGIES

The nunber of trips served by roadma% el ectrification or automation
capabilities were determined in the Phase Il report given the
mar ket penetration assunptions of each scenario. In sum the
desi gnated percentage of tr|Ps to be penetrated by the technologK
were chosen froma subset of the on- and off-freeway trip |engt
combi nati ons associated with the freeway network selected for each
technol ogy. Nunerous trips of different origins and destinations
are represented by each on- and off-freeway trip length
combi nation. Those trips specified as RPEV or automated trips were
randomy chosen from the trips classified in each origin-
destination group per-on- and off-freeway trip |length conbination
This nethod of trip selection was utilized in the assignnment
nmet hodol ogi es for both advanced technol ogi es.

The assignment of the RPEV or automated trips and those perforned
by conventional vehicles enconpasses the nethod of |oading trips
onto the freeway systen1sPecified for each technol ogy. G ven
restrictions of the available transportation nmodel utilized in the
analysis, it was not possible to |oad m xtures of conventional
trips and trips equipped wth an advanced technol ogy
si mul t aneousl vy. I n other words, trips designated as performed by
RPEVs or automated vehicles were assigned separately from those
conpl eted bK conventional vehicles. Prioritizing trip |oading and
choosing the anpunt of trips to be [oaded iteratively to the
hi ghway system were possible nodeling options in the trip
assignment procedure. Decisions concerning ordered trip |oading as
wel | as the selected nunber of trips loaded in each iteration of
t he assignment process varied due to scenario assunptions and
consi derations pertaining to the characteristics of each advanced
t echnol ogy.
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H ahwav _Aut omat i on

Initial trip assignnents were performed to investigate the effects
that prioritization of automated trips and conventional trips woul d
have on mobility indicators. The percentage of automated trips out
of total AMpeak trips selected to utilize the automation facility
was 19. 3% Conparisons of traffic volume statistics on the
automated freeway links resulting from | oading automated trips
first and second showed noticeabl e differences throughout the
automated freeway system Assigning the automated trips after the
conventional vehicle trips was ultimately chosen as the trip
| oadi ng procedure for the inpact analysis since this ordering
apﬁeared to be a nore realistic representation of expected travel
behavior. More specifically, assigning the automated trips after
conventional vehicle trips would attach a small tine penalty to
automated travel that would result from traversing congested
conventional traffic in order to enter and exit automated |anes.

Due to the technical characteristics of the automation technol ogy,
specifically the requirenent that the V/C ratio not exceed 1.0 on
any of the links of the automation facility, it was necessary to
devel op further refinenents to the trip ‘assignnent procedure.
Initially, the speed-volume relationship defined by the Bureau of
Publ i ¢ Roads as

Speed = Speed, / ( 1 + .15 (v/C)*)
where Speed, = 55 nmh
was utilized in nodeling trip assignnent. After first loading the

conventional vehicle trips to the automation scenari o network's
m xed flow |anes, 30% of the automated trips were assigned to the

automation network. A review of link traffic volunmes was then
performed to deternmne if congestion had devel oped on any of the
links of the autonmated facility. Congestion was evident if

reported link V/C ratios were above 1.00. For links that indicated

vic > 1.00, Speed = 1 mh

vic < 1.00, Speed = 55 m h
These alterations were utilized to prevent trips from entering the
congested freeway |inks and contributing to further nobility
deterioration. rip | oading proceeded by |oading the remaining
automated trips in 10% i ncrenents. After each automated trip

increnent was assigned, V/Cratios on each link of the automated
facility were studied to determi ne which |inks possessed V/C ratios
above 1.00. Again, those links indicating V/C ratios greater than
1.00 were assigned speeds equal to 1 mle per hour and those |inks
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with V/C ratios |less than one were assigned speeds of 55 mles per
hour for purposes of subsequent triﬁ | oadi ngs. Speeds on al
automated network |inks, including those previousky assigned a 1
mph speed for trip |oading purposes, were muintained at 55 nph for
purposes of calculating nDbI|I2Y statistics. This procedure
continued with automated trip loadings in 10% increments until al
automated trips had been assigned to the automation scenario
network.  This nethod approximates the autonation technol ogy
concept given current transportation nodeling capabilities.

Table 6.2 presents a summary of the V/C ratios that were produced
for each automation scenario after the trip assignnments were
concluded.  For the base network ranps scenario, 81.2% of the
automated links had V/C ratios below 1.00, where as the additiona
ranps scenario indicated that 77.5% of the automated links had V/IC
ratios less than 1.00. Table 6.3 provides closer inspection of the
frequency of V/C ratios above 1.00 than remained on the autonated
links. For the base network ranps scenario 100.0% of the autonated
links had V/IC ratios less than 1.19 while the additional ranﬁs
scenario contained V/C ratios |less than 1.20 on 98.5% of the
automated |inks. The automation |ane capacity definition of 6,000
vehicles per |ane per hour was used to conpute the V/C ratios in
this analysis. Altering this assunption would, of course, change
the number of automated |inks indicating coqgestion: For exanpl e,
an automated |ane capacity definition of 7,000 vehicles/|ane/hour
would yield fewer automated |inks above a V/C of 1.00, whereas a
5,000 v/I/h assunption would generate nore automated |inks with V/IC
ratio above 1.00. Gven transportation nodeling limtations that
prevent ed Proh|b|t|qn of V/C ratios fronlexceedin% 1.00 on al
automated |anes, which would perfectly capture the automation
technol ogy concept, and acknow edging that the automation |ane
capacity definition is not precisely determned, the results were
accepted for further inpacts anal ysis purposes.

A review of the allocation of post-trip assignment VMI associ ated
wth the automated trips reveal ed that 25.6% of systemm de VMT
occurred on the autonated freeway, or 13,402,185 VMI, in the base
network ranps scenario. For the additional ranps scenario, 28.9%
of VMI for the regional highway system traveled on the automated
| anes, or 15,062,662 VM. otal regional VMI for the base network
ranps and additional ranps scenarios are 52,433,323 and 52,202,568,
respectively. The slight VMI difference arises fromthe difference
in the scenarios, Total vMT attributed to the automated vehicl es
for both on and off-autonmated network travel were 23,594,995 for

the base network ranps scenario, and 23,491,156 for the additional

ranps scenario. The autonmated | anes in the base network ranps
scenario carried 56.8% of the assigned VMI while in the additiona

ranps scenario, automated |anes contained 64.1% of the automated
vehicles' VMI. These percentages indicate the portion of automated
trips performed on the automated facility, while the remaining VMT
driven by the vehicles equipped for automated operation occurred on
other highway facilities, i.e. mxed flow | anes, ranps and
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TABLE 6.2 2025 HIGHWAY AUTOMATION

FREQUENCY DISTRIBUTION OF AUTOMATED LINK V/C RATIOS

Base Network Ramps*
Cumulative
V/C Ratio Ereauencvy % Freauencv Cumulative %
0.0000 - 0.2499 375 25.7 375 25.7
0.2500 - 0.4999 271 18.6 646 44.3
0.5000 - 0.7499 298 20.4 944 64.7
0.7500 - 0.9999 240 16.5 1184 81.2
1.0001 - 1.2499 274 18.8 1458 100.0

Additional Ramps®

Cumulative
V/C Ratio Ereauencv —%  _Frequency Cumulative %
0.0000 - 0.2499 234 16.0 234 16.0
0.2500 - 0.4999 309 21.2 543 37.2
0.5000 - 0.7499 261 17.9 804 55.1
0.7500 - 0.9999 326 22.4 1130 775
1.0001 - 1.2499 327 22.4 1457 99.9
1.2500 - 1.4999 | 0.1 1458 100.0
Note: a = Base network ramps for the automated facility occur at

approximately five mile intervals where access and egress points
allow automated traffic to exit the freeway along with mixed flow
traffic.

b = Additiona rampsfor the automated facility (that is, in addition to
those in a) occur to enable automated traffic to exit at all other
points where ramps exist for mixed flow traffic. These added
ramps carry only automated trips.

JOUTRERA CALFOBAIA
AOCIANON OF SOVEMMREIAL

818 W. Seventh Street,12th Floor @ Los Angeles, CA 90017-3435 0 (213) 236-1800 e FAX (213) 236-1825



Table6.3 2025 HIGHWAY AUTOMATION

FREQUENCY DISTRIBUTION OF AUTOMATED LINKSV/C >1

Base Network Ramps®
Cumulative
V/C Ratio Frequency —% Freauencv Cumulative %
1.0001 - 1.01 22 8.0 22 8.0
1.0101 - 1.02 32 11.7 54 19.7
1.0201 - 1.03 21 1.7 75 27.4
1.0301 - 1.04 48 17.5 123 44.9
1.0401 - 1.05 16 5.8 139 50.7
1.0501 - 1.06 6 2.2 145 52.9
1.0601 - 1.07 26 9.5 171 ‘62.4
1.0701 - 1.08 12 4.4 183 66.8
1.0801 - 1.09 13 4.7 196 715
1.0901 - 1.10 12 4.4 208 75.9
1.1001 - 1.11 19 6.9 227 82.8
1.1101 - 1.12 15 55 242 88.3
1.1201 - 1.13 14 51 256 934
1.1301 - 1.14 3 11 259 94.5
1,1402 - 1.15 7 2.6 266 97.1
1.1501 - 1.16 0 0.0 266 97.1
1.1601 - 1.17 0 0.0 266 97.1
1.1701 - 1.18 5 1.8 271 98.9
1.1801 - 1.19. 3 11 274 100.0

Note; a = SeeTable6.2
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Table6.3 2025 HIGHWAY AUTOMATION (Con’t.)

FREQUENCY DISTRIBUTION OF AUTOMATED LINKSWITH V/C >1

Additional Ramps®

Cumulative
V/C Ratio Freauencv _ % Frequency Cumulative %
1.0001 - 1.01 36 11.0 36 11.0
1.0101 - 1.02 41 12.5 77 235
1.0201 - 1.03 29 8.8 106 32.3
1.0301 - 1.04 31 9.5 137 41.8
1.0401 - 1.05 39 11.9 176 53.7
1.0501 - 1.06 24 7.3 200 61.0
1.0601 - 1.07 19 5.8 219 66.8
1.0701 - 1.08 22 6.7 241 735
1.0802 - 1.09 17 5.2 258 78.7
1.0901 - 1.10 12 3.7 270 82.3
1.1001 - 1.11 12 3.7 282 86.0
1.1101 - 1.12 5 15 287 87.5
1.1201 - 1.13 8 2.4 295 89.9
11301 -1.14 12 3.7 307 93.6
1.1401 - 1.15 3 0.9 310 94.5
1.1501 - 1.16 0 0.0 310 94.5
1.1601 - 1.17 2 0.6 312 95.1
1.1701 - 1.18 7 2.1 319 97.3
1.1801 - 1.19° 1 0.3 320 97.6
1.1901 - 1.20 3 0.9 323 98.5
1.2001 or more 5 15 328 100.0

Note; b = Seedescription Table 6.3
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arterials. The regional inpacts described throughout Sections 6.3

and 6.4 are derived fromthe portion of each automated trip that
occurs on the autonmated facility.

Roadway FElectrification

The decision to assign RPEV trips before or after trips perforned
by conventional vehicles involved assignnment tests to review
possible differences in mobility statistics resulting from such
prioritization. Gven the small percentage of trips that were
designated as RPEV trips, 3.28% of AM peak trips, analysis of
traffic volume plots on the RPEV freeway network indicated
negligible differences in the distributional pattern and magnitude
of traffic volunes when conparing the two assignnents. For the
subsequent inpact analysis, we dispensed RPEV trips first and
conventional vehicle trips second. This decision is inbedded in
the inpact results for both RPEV scenari os.

The chosen assignment procedure |oads the specified RPEV trips onto
the RPEV scenario network first to travel between trip origins and
destinations. After the RPEV trips were assigned, the remaining,

or conventional vehicle, trips were loaded in an iterative manner.

The exclusive scenario assignnment precluded conventional trips from
bei ng | oaded onto the RPEV network and the non-exclusive scenario
assi gnment placed no restrictions on where conventional trips were
allowed to travel. The loading procedure allowed these trips to
alter their travel plans to adjust for congestion that grew
t hroughout the system as the nunber of assigned trips increased.

Each trip was assumed to be conpleted utilizing the mninum travel

tinme path between its origin and destination in the presence of

traffic congestion.

It is inmportant to note that only a portion of each trip, whether
conpl eted by an RPEV or a conventional vehicle, is performed on the
freeway. Part of each vehicle trip occurs on arterials and ranps.

In the case of the RPEV trips, an additional conponent of each trip
occurs traversing and traveling on mxed flow freeway |anes of the
freeway system ~ The amount of vehicle mles travel ed by the RPEVs
on the RPEV |anes versus the VMI associated with travel on other
facility types was recorded after conpletion of the trip assignnent
for use in the inpact analysis. The results reveal ed that
2,903,749 VMI was associated with RPEV travel on the RPEV facilit

out of total VMI attributed to RPEVs of 6,248,000, or 46.5% of al

RPEV vehicle miles traveled. (The 6,248,000 VMT represents the VMl
associ ated with RPEVs as a result of nodeling the trip assignment.

These RPEV vehicle mles traveled correspond to the pre-assignnent
sel ection of 6,632,400 VMI designated for market penetration in the
previous analysis of the RPEV scenario network's trip length
distribution table output. The difference between the two RPEV
vehicle mles traveled figures occurs due to the npdeling

rocedures that are used to generate these nmeasures. = The trip
ength distribution tables report zone to zone VMI, Wwhereas the
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output fromthe trip assignment reflects the vMT associated wth
the entire trip path fromorigin to destination.)

The division of RPEV vehicle mles traveled on and off the powered
roadway has inportant inplications for the assessed regional

I mpacts. The effects of electric roadway wutilization on
electricity demand, and corresponding fossil fuel usage by tine of
day, and costs associated with operation of the powered roadway
utilize the on-RPEV facility VMI in their calculations. The effect
of RPEVs on air quality, however, are conputed with respect to
total RPEV vehicle mles traveled since the RPEVs contribute zero
mobi | e source em ssions whether the trip is conpleted on or off the
electrified roadway.

6.3 Regi onal Mbility | npacts

This section presents the nobility results derived from the
application of the advanced technol ogy scenarios to the 2025
regi onal hi ghway system The analysis reviews conparisons of
vehicle mles traveled (VMI), vehicle hours traveled (vHAT), vehicle
hours of delay (VHD), and average vehicle speeds for the baseline
trip assignnent (no advanced technol ogy) versus the alternative
automation designs: base network ranmps and additional ranp
facilities. Mbility indicators were reported for each scenario at
the system county, regional statistical area (RSA), and freeway
segment |evels. Appendices P and Q contain the conplete nmobility
results for the automation trip assignnents.

Anal ysis of the mobility statistics fromthe alternative automation
scenario a33|%nnents was acconplished via three approaches. First,
frequency tables presenting tallies of statistical conparisons of
mobility indicators for automation's alternative assignnents and
t he basel ine assignnent were conpil ed. This procedure condensed
the output fromthe nunerous trip assignnments and enabl ed general
conclusions to be drawn regarding whether or not the application of
automation inproved nobility from baseline conditions. An
addi tional conparison of the alternative autonmation scenari os
wi t hin each technol ogy type was conpleted in the same fornmat.

After the frequency tables were reviewed, the extent of the
di fferences in aggregate performance neasures anong all three
pairwise conparisons of the baseline, and the two automation
scenari o designs were anal yzed. Princi pal congestion indicators
used were VHD and speed. Average percentage changes in both delay
and speed were derived at the followng |evels of aggregation:
automation freeway segnment, RSA, county, and regional. At the
regional level, actual mobility totals for VMI, VHI, VHD, and speed
were reviewed across all three scenarios, and facility types.

After the percentage changes between scenarios were reviewed, the
appropriate tests for statistical significance of the results were
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chosen and perforned. These tests were utilized to determ ne
whet her the patterns of nobility neasurenent differences devel oped
in the frequency distribution and aggregate percentage change
anal yses were statistically significant or not. The choice of each
test for statistical significance depended upon the distributiona
form and sanple size of the nDbiI|t¥ measur ement dat a. Bot h
paranmetric and nonparanetric statistical tests were conducted since
the probability distributions of the data were not precisely
under st ood. I n nost cases, the nunber of observations was
sufficient to allow assunption of approximately normal probability
distributions of the data and subsequent performance of parametric
tests for S|?nificant differences in the nobility measurenents.
The choice of applying both parametric and nonparanetric testing
procedures was, however, accepted as a useful crosscheck to
substantiate our findings.

Mobility results were also derived for both roadway electrification
designs: -- exclusive and non-exclusive, and may be found in
Appendices M N, and O. Wer eas application of the automation
technol ogy would naturally affect congestion |evels because of
characteristics of the automation technology itself, the roadway
electrification technology has no such  inherent influence.

However, wupon analyzing the data in Appendices N and O, especially
with respect to the baseline/RPEV non-excl usive conparison, |arger
amounts of delay are apparent in the RPEV scenarios than in the
basel i ne. These delay increases were expected because
transportation nodeling tools placed restrictions on how the
t echnol ogy was represented in the scenario designs. A speci al
facility designation (FT 6) was required to keep track of RPEV
desi gnated trips. At merge points between the roadway powered
| anes and conventional |anes, identical node nunbers were also
required for coding purposes. Had merge points been |located at al

avai l abl e access and egress points, the equivalency of nodes at
t hese points woul d have nmade the distinction between FT 6 and

conventional lanes (FT 1) non-existent. I n both RPEV scenari os,
merge points were positioned at certain |locations based on specific
criteria (See Section 6.1, page 6-6). However, in an actual
application of the non-exclusive scenario, it would be nore

realistic not only to all ow non~-RPEV’s the choice of which lane to
use (electrified or not), but also the choice of weaving in to and
out of all lanes, including the electrified |anes, wherever the
non- RPEV travel ers desired. As a result, added delay attributed
not to the technology, but to nodeling restrictions accunul ated.

Highway Automation: Distributional Mbility Comparisons

Table 6.4 presents a sunmary of the nobility results reported in
Appendi x P. For each freeway segnent to which the automation
technol ogy was applied, VMI, VHI, VHD and speeds were collected for
the AM peak period for the baseline (no technol ogy), base network
ranps and additional ranps automation trip assignnments to the
regi onal hi ghway system These mobility outputs were cal cul ated
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Table6.4 2025 HIGHWAY AUTOMATION MOBILITY STATISTICS:

ALTERNATIVE SCENARIO DISTRIBUTIONAL COMPARISONS

Automation Network Freeway Segments

Mobility Basdine> Basdine > Base Ramps >
Measures  Base Ramps (%)  Added®Rampsl (%)°e __d Ramps (%)°
(Per Lane)

VMT

FT 1 90.0 96.7 100.0

FT7 N/A N/A 10.0

VHT

FT 1 83.3 96.7 96.7

FT 7 N/A N/A 10.0

VHD

FT 1 80.0 100.0 96.7

FT 7 N/A N/A 0.0

SPEED
FT 1 20.0 13.3 3.3
FT 7 N/A N/A 3.3
Note: a=  Percentage of mobility measurements for baseline (no technology)

assignment greater than automated assignment with base network
ramp facilities (see a, Table 6.1).

b = Percentage of mobility measurements for baseline assignment
greater than automated assignment with additional network ramps
(see Table 6.1).

c = Percentage of mobility measurements for automated assignment
with base network ramp facilities greater than automated
assignment with additional network ramp facilities.

FT1 = Mixed flow lanes parallell to automated lane/s
FT7 = Automated lanes
N/A = Not applicable
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for the mxed flow [anes of the freeway segnents |ocated parallel
to the automation facility, and the automation facility |ane/s.
The freeway segnents are shown in Figure 13 and are described in
Appendi x P. (See also, Phase Il Report, Appendix J, for specific
definitions of each chosen freeway segnent).

Table 6.4 shows the percentage of mobility measurenents from the
basel i ne assignnent that were greater than those determned for the
aut omation base ranps assignnent in colum two, and the automation
additional ranp facilities assignment in colum three. Because
mobi ity indicators for the baseline and both automation assignment
scenarios for the non-automated |anes (FT 1) were based on
different nunbers of lanes, all percentages were calculated on a
per |lane basis to insure the validity of the conparison anmong the
scenarios. As indicated, for 80% to 100% of the automated network
freeway segnents' mxed flow [anes, the baseline assignment's VM,
vHT, and VHD were greater than simlar nobility nmeasurenents
associated with each automation scenario assignment. Simlarly
for approximately 80% to 87% of these |anes the baseline
assignnent's speed was |ess than speeds of both autonation
assignment scenarios. These results suggest that the autonation
technology in both applications is correlated with nmobility
i nprovenment on the m xed flow | anes.

Colum four in Table 6.4 presents the per |ane conparison of the
percentage of mobility neasurenents from the automation base ranps
assignment that exceeded those determned in the automation
addi ti onal ranps assignnent. The base ranps network indicates
hi gher VMI, VHT, VHD and | ower speeds for the mxed flow | anes
conpared with the results for the automation assignment wth
addi ti onal ranps. Qobviously, constructing nore ranps to enable
automated traffic to directlv enter and exit the automation
facility yields greater nobility benefits for mxed flow traffic.
In the base ranps automation assignnent, automated trips mnust
traverse the mxed flow lanes in order to enter or exit the
automated facility. Colum four also indicates that the automation
additional ranps assignnent carries a |larger percentage of VMl and
VHT at higher speeds than the autonation base ranps assignnent.

Table 6.5 shows anal ogous results to those in Table 6.4 at the RSA
| evel of analysis. (See Figure 16). However, at the RSA |eve
conpari sons across scenarios were nade for nobility measurenents of
FT 1 plus FT 7 instead of for FT 1 alone to insure the validity of
the comparison. The general conclusions drawn from Table 6.4 are
in agreement with the conparative analysis of Table 6.5. (Appendix

provides the detailed nobility measurenents that are sunmarized
in Table 6.5). Again, the automation additional ranps assignment
offers nobility advantages conpared to the automation base ranps
assi gnnent .

6-20

JOUTHESA CALFQRALA a
ATOCHINON OF SVESAMENT/

818 W. Seventh Street,12th Floor @ Los Angeles, CA 90017-3435 O (213) 236-1800 ® FAX (213) 236-1825



Table6.5 2025 HIGHWAY AUTOMATION MOBILITY STATISTICS:
ALTERNATIVE SCENARIO DISTRIBUTIONAL COMPARISONS

M obility
Measures
VMT
FT1+FT7
FT 3
FT 4
FT 5
FT 7
VHT
FT1 +FT7
FT 3
FT 4
FT 5

FT 7

FT 1 + FT 7
FT 3
FT 4
FT §
FT 7
SPEED

FT1+FT7
FT 3
FT 4
FT 5
FT 7

Baseline >

Added Ramps (%)*

22.7
93.5
95.0
38.6
N/A

81.8
87.0
92.5
36.4
N/A

88.6
69.6
72.5
9.1

N/A

6.8
41.3
30.0
50.0
N/A

Note: a = See Table 6.4
b = See Table 6.4
c =SeeTahle 6.4

Regional Statistical Areas

Basdine> Base Ramps >
Added Ramps (%)® Added Ram %)*
22.7 56.8
93.5 78.3
90.0 47.5
31.8 20.5
N/A 8.6
90.9 90.9
87.0 63.0
85.0 40.0
31.8 18.2
N/A 8.6
93.2 86.4
7.7 56.5
70.0 35.0
29.5 45.5
N/A 0.0
2.3 11.4
41.3 39.1
15.0 51.3
25.0 20.5
N/A 31.4

FT 1 = Mixed flow lanes FT 5 = Ramps
FT 6 = Automated lanes
N/A = Not applicable

FT3
FT 4

Major arterials
Minor arterials
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H ahwav__Aut onati on: Agaregate Mobility Commari sons

Mobility results were conpiled with respect to the highway
automation technology for all three scenarios (baseline, autonation
base ranp, automation additional ranp facilities), for several
facility types (automated |anes, mxed flow |anes, najor and m nor
arterials), and various |evels of aggregation (autonated freeway
corridor, regional statistical area %RSA , county, regional). The
performance neasures reported consisted of VMI, VHI, vHD, and
speed. O these neasures, VHD and speed are the appropriate
indicators of congestion and Table 6.6 reports the average
percentage change in VHD and speed at different l|evels of
aggregation, for different facility types, and all three pairwise
scenario conparisons (baseline versus automation base ranp,
basel i ne versus automation additional ranp facilities, automation
base ranp versus automation additional ranp facilities). Table 6.7
summari zes actual regional totals for all relevant perfornmance
measures, over all facility types and all three scenarios.

Table 6.6 reports changes in congestion |evels on a per |ane basis.
Note also that for RSA, county, and regional results, "FTi+FT7"
refers to all freeway | anes contained wthin the specific area.
Fi ndi ngs indicate congestion reduction alnost uniformly across all
aggregation |evels, facility types, and pairwise scenario
conmparisons. The level of congestion mtigation increases relative
to the baseline from autonation base ranp to autonation additiona
ranp facilities scenarios. This result is expected because the
latter automation scenario offers nore access and egress
opportunities to the automated vehicle. \Wile precise |evels of
congestion reduction depend on the automated |ane hourly capacity,
mar ket penetration, and size of the automated network chosen for
the two automation scenario designs, the nobility statistics
depicted in Table 6.6 exhibit tangible evidence of congestion
relief as a result of the application of the automation technol ogy.

Congestion mtigation on arterials suggest that vehicle trips are
drawn to the automated freeway | ane/s, as well as mxed flow | anes,
fromthe arterials when trips equi pped with automation technol ogy
enabl e freeway nmobility conditions to inprove. That is, a larger
Portion of trips may now travel faster on the autonated treema¥

anes, as well as on the mixed flow | anes, than in the assignmen

wi t hout application of the automation technology.  Fewer trips
remain on the arterials when the option to travel with autonation
enhancenents is present. A nore detailed analysis of arterial

congestion reduction is discussed in Section 6.4 bel ow.

Table 6.7 depicts actual performance neasurenent totals across

scenarios, and facility types. In addition to the facility types
previously discussed, performance neasures for freeway on- and off-
ranps (FT 5) are depicted. There are mxed résults across

automation scenarios. Overall regional ranp congestion increases
for the base ranp assignment scenario, and decreases for the
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TABLE 6.6

H GHWAY AUTOVATI ON MOBI LI TY COVPARI SONS

(Average Percentage Change)

Basel i ne vta
Baee Ramps

cc VHD SPD
FT 1 -21.6 +13.1
FT 1 + FT 7 -50.5 +63.7
RSA VHD SPD
FT 1 + FT 7 -39.6 +29.1
FT 3 -26.7 + 4.4
FT 4 -22.2 + 7.1
COUNTY VHD SPD
FT 1 + FT 7 -47.0 +26.0
FT 3 -13.5 -2.2
FT 4 -15.3 + 8.7
REG ONAL VHD SPD
FT 1 + FT 7 -47.7 +35.6
FT 3 -22.9 + 1.1
FT 4 -28.0 +10.0
ALL FACILITIES -33.8 +21.8
NOTE:

FT 1 = Mxed fl ow | anee

FT 3 = Major arterials

FT 4 = Mnor arterial8

FT 7 = Automated lanes

Basel i ne vs

Added Ramps

VHD SPD
-45.0 +28.0
-64.3 +79.7
VED SPD
-54.5 +40.1
-27. 4 + 4.7
-21.3 + 6.4
VHD SPD
-59.0 +34.2
-14.0 - 1.7
-17.1 + a. 5
VHD SPD
-62.3 +47.5
-23.6 + 0.5
-27.7 +10.0
-40. 2 +25.9

Bas
Add

VHD
-29
-29
VHD
-25
-1
+ 5
VHD

0 a

ATOCIA

POwW

e Ranp vs
ed Ramps
SPD
T +13.3
LT + 9.5
SPD
.3 + 8.2
.9 + 0.2
1 - 0.2
SPD
0 + 6.2
6 + 0.5
0 -0.02
SPD
9 + 8.8
.0 - 0.5
5 0.0
7 + 3.4
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TABLE 6.7 HIGHWAY AUTOVATI ON

2025 REG ONAL

HIGHWAY NETWORK
(AM PEAK)

PERFORVMANCE MEASUREMENT TOTALS

Aut omati on Scenari os

Basel i ne Base Network Ranp Addi tional Ranp
Facilities~ Facilities**
FT MT ;F wT ET vMT
1 27,175,266 3 17,823,585 18,419, 181 1 16,805,344
3 22,919,614 3 17,522,639
4 2,369,025 4 2,031,826 4 2,021,679
5 611, 580 5 644, 153 5 677, 852
7 n. a. 7 13,402,185 7 15,062,662
Tot al 53,188,229 Tot al 52,433,323 Tot al 52,202,568
FT VHT FT VHT FT VHT
1 940, 352 1 568, 178 1
3 1,261,873 3 970, 710 3 473,732 956, 641
4 181, 674 4 141, 866 4 141, 849
5 30, 763 5 32,475 5 33, 965
7 n.a. 7 243, 643 7 273, 827
Tot al 2,416,722 Tot al 1,958,924 Tot al 1,882,066
FT VHD FT VHD FT VHD
1 1 233, 300 1 168, 190
3 446,283 516, 465 3
4 102, 246 7 308,294 73,612 4 304,483 73,972
5 184 5 267 5 73
7 n. a. 7 0 7 0
Tot al 1,065,177 Tot al 705, 473 Tot al 636, 718
FT SPEED FT SPEED T SPEED
1 h
3 26.90 18.16 3 32.42 18.36 3 B4 8.3
4 13. 04 4 14. 32 4 14. 25
5 19. 88 5 19. 84 5 19. 96
7 n. a. 7 55.01 7 55.01
Total 22.00 Tot al 26. 77 Tot a
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additional ranp facilities scenario. A nore detailed analysis of
ranp congestion changes is discussed in Section 6.4 below. Al so,
note that the "Total" for VMI, VHT, and VHD across all scenarios
are sunms over all facilitY types (FT’s), while the "Total" under
speed is the average overall speed derived fromtotal VMI and tota
VHT (Total wvMT/Total VHT). The nost striking inpact on nobility
di splayed in Table 6.7 is the considerable decrease in VHD as a
result of automation, ranging froma 34%to 40% decrease. There is
a savings of 359,704 hours and 428,459 hours for the base ranp
network and additional ranp scenarios, respectively.

H ahwav__Aut omation: Statistical Test Results

Paranetric and nonparanetric tests for statistical significance
were performed at the individual autonated freeway corridor and RSA
levels utilizing the VHD neasurenents reported for the baseline,

automati on base network ranps, and automation additional ranps
assi gnment s. Al t hough paranetric tests were sufficient in those
tests that utilized I'arge nunbers of observations, uncertainty as
to shape and |ocation of the probability distributions of VHD
suggested utilization of the appropriate nonparametric tests to
validate the mobility results

The appropriate parametric test for statistically significant

differences pairs the VHD neasurements across two assignments, i.e.
baseline and autonmation base network ranp, and analyzes the
differences in VHD between these assignnents. The paired VHD

observations were utilized to test the null hypothesis of no
significant difference between VHD across the two assignnents,
agai nst the alternative hypothesis that the VHD of one assi gnnment
was greater than the VHD of the other assignment. A statistical t
test was then developed to determ ne whether the null hypothesis is
accepted or rejected at a specified |level of significance. The
tabulated t statistic was recorded for the 205 |evel of
significance and degrees of freedom Calculated @ 't values were
constructed from the paired VHD neasurenent differences and

conpared with the tabulated t values in each test. Calculated t
val ues exceeding tabulated t values indicated that the differences
in VHD were statistically significant at the .05 | evel. These

statistical difference results «presented in the top portions of
Tables 6.8 and 6.9.

Nonparanetric test fornulation enployed the wilcoxon signed rank
test for paired differences. This test is used to conpare two
probability distributions when a paired difference test design is
appropriate, and the shapes and variances of the probability
distributions are not known. This test ranks the differences in
VHD between the two assignments, for a particular facility type by
freeway segnent or RSA, and utilizes these ranks to develop the
calculated T statistic. The null hypothesis in this test
stipulates that the probability distributions of the VHD
measurenents for both assignments are identical, whereas the
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TABLE 6.8 2025 HIGHWAY AUTOMATION
PER LANE VHD STATISTICAL TEST RESULTS

Parametric Test Statistics: Automation Network Mixed Flow Lanes

Calculated ¢
Tabulated t n Case 1 Case 2 Case 3
1.70 30 3.33 5.78 473

eson-Farametric T  Autémation Network Mixed Flow Lanes

Icul T
Tabulat n Case 1 Case 2 Case 3
152 30 80 0 3

Note:

casel = Significance test results for comparison of baseline assgnment VHD
greater than automated assignment VHD with base network ramp
facilities.

Case 2 = Significance test results for comparison of baseline assignment VHD
greater than automated assignment VHD with additional network ramp
facilities.

Cae 3= Significance test results for comparison of automated assignment VHD

with base network ramp facilities greater than automated assignment
VHD with additional ramp facilities.
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TABLE 6.9 2025 HIGHWAY AUTOMATION

VHD STATISTICAL TEST

RESULTS

Regional Statistical Areas

Parametric Test Statisti

Calculated t

Facility Type Tabulated ¢ —n_ Casel Case 2 Case 3
147 1.68 44 5.90 6.67 6.54
3 1.68 46 4.28 4.28 1.17
4 1.68 40 2.45 2.52 -0.48

Non-Parametric Test Statistics

Facility Type Tabulated T n
1+7 336 (319) 43 (42)
3 353 44
4 228 (214) (188) 36 (35) (33)
Note:

Cael =SeeTable6.8

Case 2 = See Table 6.8

Case 3 = See Table 6.8

FT 1 = Mixed Flow lanes

FT3 = Mgor arterials

FT 4 = Minor arterias

Numbersin () are comparable due to adjustmentsin n.
Numbersin {} are comparable due to adjustmentsin n.

818 W. Seventh Street,12th Floor @ Los Angeles, CA 900174435 0 (213) 236-1800 e FAX (213) 236-1825

Calculated T
Casel Case2 3
3l ® (31)
151 152 331
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alternative hypothesis indicates that the probability distribution
of the VHD for one assignment has shifted to the right, or contains
measurenents of larger value than the probability distribution of
the viaD for the other assignment.

The statistical test criterion utilized in our conparisons states

that if the calculated T statistic is greater than or egqual to the

tabulated T statistic, the null hypothesis is accepted. Therefore,

the smaller the value of the calculated T, the greater will be the
evidence to indicate that one probability distribution contains VHD

gpasqnfnents that are larger than those found in the other
I stribution.

In Table 6.8, both paranetric and nonparametric test results reveal
statistical significance for all tests. More specifically,
baseline assignnment VHD is reater than both automation
assignment's VHD at the . 05 level of significance for the m xed
flow facility. In addition, the VHD associated with the base ra
automation assignment is greater than the VHD for the additiona
ranps assignnent at the 5% Il evel for the mxed flow |lanes. These
resFlps are confirmed at the freeway segnent and RSA | evel s of
anal ysi s.

In Table 6.9 our results indicate'that baseline assignment VHD on
major and mnor arterials was significantly greater than the VHD
that occurred on these facilities when the automation trip
assi gnments were depl oyed. These findi ngs suggest that vehicle
trips are drawn to the automated freeway lane/s, as well as m xed
flow lanes, fromthe arterials when trips equipped with automation
t echnol ogy enable freeway nobility conditions to inprove. That is,

a larger portion of trips may now travel faster on the autonated
freeway |lanes, as well as on the mxed flow | anes, than in the
assignnment w thout application of the automation technol ogy. Fewer
trips remain on the arterials when the option to travel with
aut omati on enhancenents is present.

The statistical test results for conparisons of the automation
technol ogy assignments for arterials at the RSA |evel were
insignificant and/or conflicting when paranetric and nonparanetric
tests were perforned. Findings pertaining to the statistica

significance of mobility inpacts corresponding to the alternative
automati on assignnments on the arterials throughout each RSA,

however, could dilute the inmediate VHD associated with arterials
adj acent to the freeway segnents to which the automation technology
was applied. The nobility inpacts related to |inkages between the
aut omati on enhanced freeway | anes, and the arterials and ramps in
close proxinmty to these |lanes, are sonewhat reduced when the
broader RSA | evel of analysis is eval uated. For this reason
further statistical investigations were developed to study the
i mpacts of the automation scenarios on arterials and ranps within
approximately one mle distances of each side of the freeway
segnents to which the automation technol ogy was appli ed. Thi's
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anal ysis was conducted for sel ected geographical sub-areas of the
regi onal highway system Section 6.4 presents the research
concerning this refinement of the automation nobility inpacts.

Overall our analysis indicates that nobility inprovenent as
indicated in Table 6.6 is statistically significant in both
automati on scenario assignnments when conpared to the baseline, no
technol ogy, assignnment. The automation additional ranps assignment
offers further nobility benefits to travel throughout the regiona
hi ghway systemis m xed flow facilities when contrasted wth the
automati on base ranps assignnent.

6.4 Aut omat i on Sub-Area Assessnent

This section sunmarizes the findings of investigations concerning
the automation nobility inpacts on facilities connected to the
automation scenario network. Six geograﬁhically di verse sub-areas
of the SCAG region were selected for this analysis. Figure 17
deplcts t he chosen sub-areas which cover approxi mtely 103 square
mle areas each, wth the exception of the Los Angel es central
busi ness district sub-area, LA CBD, which spans 25 square ml es.
The approxi nate |ocations of the six sub-areas are: arenont, El
Toro, LA CBD, Long Beach, Riverside/San Bernardino, and the San
Fernando Valley.

Anal ysis of the nnbility results began with conpilation of the V/IC
ratios for each arterial link |ocated within approximtely one nmle
of the automated facility. For each sub-area the link V/C ratios
were assenbled in frequency distribution tables and graphs for the
basel ine, automation base ranps, and autonation additional ranp
facilities trip assignments. Tables 6.10 - 6.15 and the
corresponding Figures 18 - 23 report these findings. |In general

a larger percentage of V/C ratios fall below 1.0 in both automation
assignnent frequency distributions when conpared with the baseline
assi gnment frequency distributions. These results indicate that

arterial travel is less congested when automati on technology is
applied than when it is not utilized. For exanple, in Table 6.10
for the Caremont sub-area, 79.81% of the arterial link V/C ratios
are less than 1.0 conpared to 85.71% and 83.65% for the automation
base network ranps and automation additional ranp facilities
assignments respectively. Figure 18 illustrates this finding with

the upward, leftward shift of the automation assignnment cumulative
arterial link VIC ratio frequency distributions. The figure shows
| arger anmounts of arterial link V/C ratios occurring at lower V/C
ratio levels. These results are found for each sub-area although
the degree of nmobility inprovenent revealed in this manner varies
across sub-areas. The conclusion that the presence of autonation
freeway |anes tended to reduce congestion on arterials adjacent to
these lanes is supported with the cunul ative frequency reports.

In addition to the data on arterial V/C ratios, individual |ink
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Table 6.10 2025 HIGHWAY AUTOMATION

V/C RATIO DISTRIBUTION ON
ARTERIALS ADJACENT TO AUTOMATED FACILITIES

Claremont Sub-Area

Iternativ nari mulative Fr Distributions
Base Network Additional
V/C Ratio Baseline Ramp Facilities* R ilities”
0.1 0.96 14.29 15.38
0.2 1154 20.00 22.12
0.3 17.31 35.24 32.69
04 22.12 43.81 42.31
0.5 29.81 49.52 50.96
0.6 39.42 57.14 58.65
0.7 47.12 65.71 66.35
0.8 54.81 73.33 71.15
0.9 71.15 76.19 76.92
1.0 79.81 85.71 83.65
11 86.54 89.52 88.46
1.2 89.42 90.48 91.35
1.3 92.31 93.33 94.23
1.4 95.19 95.24 95.19
15 97.12 97.14 95.19
1.6 97.12 98.10 97.12
1.7 97.12 98.10 98.08
1.8 99.04 99.05 100.00
1.9 100.00 100.00 100.00

Note: a = See Table 6.2
b = See Table 6.2
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Figure 18: HIGHWAY AUTOMATION
CUMULATIVE V/C RATIO FREQUENCY DISTRIBUTION

Claremont Subregion
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Table 6.11 2025 HIGHWAY AUTOMATION

V/C RATIO DISTRIBUTION ON
ARTERIALS ADJACENT TO AUTOMATED FACILITIES

El Toro Sub-Area

Freauency Distributions (%
Baseline Network Additional

V/C Ratio Baseline Ramp Facilities*  Ramp Facilities®
0.1 0.00 0.74 0.75
0.2 0.75 2.21 3.73
0.3 451 2.94 9.70
0.4 5.26 8.09 14.18
0.5 71.52 16.91 17.91
0.6 9.02 22.06 28.36
0.7 18.80 2941 31.34
0.8 24.81 33.82 36.57
0.9 33.08 ' 41.91 4552
1.0 39.85 50.74 49.25
11 48.87 56.62 55.22
1.2 54.89 67.65 64.93
1.3 62.41 74.26 70.15
1.4 68.42 80.88 77.61
1.5 76.69 86.03 82.09
16 82.71 88.97 85.82
1.7 87.97 91.18 88.81
1.8 92.48 92.65 91.04
1.9 93.23 95.59 93.28
2.0 94.74 95.59 95.52
2.1 95.49 96.32 97.01
2.2 96.24 97.06 97.01
2.3 96.99 97.79 97.76
2.4 96.99 97.79 99.25
2.5 97.74 97.79 99.25
2.6 97.74 99.26 99.25
2.7 99.25 99.26 99.25
2.8 100.00 99.26 99.25
2.9 100.00 100.00 100.00

Note; a = SeeTable6.2 b= SeeTable6.2
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Figure 19:

HIGHWAY AUTOMATION

CUMULATIVE V/C RATIO FREQUENCY DISTRIBUTION
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Table 6.12 2025 HIGHWAY AUTOMATION
V/C RATIO DISTRIBUTION ON
ARTERIALS ADJACENT TO AUTOMATED FACILITIES

Los Angeles CBD Sub-Area

Alternative Scenarios Cumulative Frequency Distributions

Nasevork Additional
V/C Ratio Baseline Ramp Facilities * p Facilities °
0.1 9.30 20.63 20.63
0.2 18.60 38.10 37.30
0.3 28.68 50.79 53.17
0.4 37.98 62.70 65.87
0.5 55.04 71.43 74.60
0.6 67.44 79.37 79.37
0.7 71.32 87.30 85.71
0.8 77.52 88.89 90.48
0.9 82.17 92.06 94.44
1.0 87.60 93.65 96.83
11 94.57 95.24 96.83
1.2 98.45 96.03 97.62
1.3 98.45 99.21 98.41
14 99.22 99.21 99.21
15 99.22 100.00 100.00
1.6 99.22 100.00 100.00
1.7 100.00 100.00 100.00
Note: a = SeeTable6.2
b= SeeTable6.2
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Figure 20: HIGHWAY AUTOMATION
CUMULATIVE V/C RATIO FREQUENCY DISTRIBUTION
Los Angeles CBD Subregion
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Table 6.13 2025 HIGHWAY AUTOMATION

V/C RATIO DISTRIBUTION ON
ARTERIALS ADJACENT TO AUTOMATED FACILITIES

Long Beach Sub-Area

A ive Scn a «i Cumulative Frequency Distributions
Base Network Additional
Baselin Ramp Facilities * Ramp Facilities ®
0.00 9.73 11.29
2.16 23.78 25.81
541 38.38 39.78
10.81 52.43 54.84
23.78 64.86 67.74
34.05 72.97 74.73
50.27 79.46 80.65
63.24 84.86 86.02
76.76 88.65 89.78
83.78 92.43 94.09
88.11 96.76 96.77
92.43 98.92 97.85
97.30 98.92 98.92
99.46 100.00 99.46
99.46 100.00 99.46
100.00 100.00 100.00
= SeeTable6.2
= SeeTable6.2
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Figure 21:

HIGHWAY AUTOMATION

CUMULATIVE V/C RATIO FREQUENCY DISTRIBUTION
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Table 6.14 2025 HIGHWAY AUTOMATION

V/C RATIO DISTRIBUTION ON
ARTERIALS ADJACENT TO AUTOMATED FACILITIES

Riverside/San Bernardino Sub-Area

Al isv.Scnnari mulati istributions (%
Base Network Additional
V/C Ratio Baseline Ramp Facilities * Ramp Facilities ®
0.1 0.00 8.70 8.76
0.2 6.52 22.46 22.63
0.3 15.94 36.23 35.04
0.4 28.99 42.03 38.69
0.5 41.30 55.07 53.28
0.6 53.62 63.77 65.69
0.7 63.04 71.74 71.53
0.8 74.64 78.99 78.83
0.9 84.06 87.68 86.86
1.0 91.30 95.65 94.89
11 94.20 97.10 96.35
1.2 98.55 97.83 97.81
1.3 99.28 98.55 98.54
14 100.00 99.28 100.00
1.5 100.00 100.00 100.00
Note; a See Table 6.2

b= SeeTable6.2
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Figure 22: HIGHWAY AUTOMATION
CUMULATIVE V/C RATIO FREQUENCY DISTRIBUTION

Riverside/San Bernardino Subregion
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Table 6.15 2025 HIGHWAY AUTOMATION

V/C RATIO DISTRIBUTION ON
ARTERIALS ADJACENT TO AUTOMATED FACILITIES

San Fernando Valley Sub-Area

Alternative Scenarios Cumulative Freauency Distributions (%)

Base Net work Additional
V/C Ratio Baseline Ramp Facilities . Ramp Facilities ®
0.1 o e 3.50 5.52
0.2 2.78 9.09 13.79
0.3 417 15.38 26.21
04 9.03 29.37 33.10
0.5 11.81 40.56 40.00
0.6 20.14 48.25 48.28
0.7 31.94 52.45 53.10
0.8 40.28 60.84 61.38
0.9 50.00 68.53 73.10
1.0 61.81 77.62 79.31
11 72.92 83.22 83.45
1.2 80.56 90.91 91.72
1.3 86.81 95.10 94.48
14 93.06 96.50 97.24
15 96.60 98.60 97.93
1.6 98.61 100.00 99.31
1.7 98.61 100.00 100.00
1.8 99.31 100.00 100.00
1.9 100.00 100.00 100.00

Note; a = SeeTable6.2
= SeeTableb.2
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Figure 23: HIGHWAY AUTOMATION
CUMULATIVE V/C RATIO FREQUENCY DISTRIBUTION

San Fernando Valley Subregion
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traffic volunmes were conmpiled for all three scenarios for adjacent

arterial links and freeway on- and off-ranp Iinks. For the
arterial link case, the average percentage change in both Vehicle
Hours of Delay (VHD) and speed across scenarios for each sub-area

were derived. For the case of ranp |links, the average percentage
change in traffic volume across scenarios was derived. These
results are presented in Tables 6.16 and 6.17, respectively.

The ranges in the average percentage reduction in VHD across sub-
areas on arterials conparing the baseline to the automation base
ranp scenario and the baseline to the autonmation additional ranp
facilities scenario are approxi mately 35%-75%, and 30%-75%,
respectively. The anal ogous ranges in the average percentage
increase in speed are 1%-8%, and 1%-7%, respectively. The
conpari son of the two automation scenarios show much |ess change in
both VHD and speed. The range in the average percentage change in
VHD across sub-areas conparing the base ranp to additional ranp
facilities scenario is -19%to +5%. The corresponding range in
average percentage change in speed is approxinmately -1%to +1%.
These results further support the earlier conclusions that arterial
travel is considerably |ess congested when autonmation technology is
applied than when it is not.

The ranges in the average percentage increase in traffic volumes on
ranps across sub-areas conparing the baseline to the autonmation
base ranmp scenario and the baseline to the automati on additiona
ranp facilities scenario are 5%-33%, and 10%-47%, respectively.
The range in the average percentage increase in traffic volune
across sub-areas conparing the two automation scenarios is
approxi mately 2%-10%. Because the nunber of ranps available to al

vehicles in both the automation base ranp scenario and the baseline
were the same, these results suggest that automated freeway ranps
beconme nore congested when automation technol o (in base ranp
scenario) was applied than when it was not. wever, for the
additional ranp facilities scenario, even though traffic volune
increased, ranp congestion (VHD) decreased on a regional basis
relative to the baseline since automated and non-aut omated vehicles
utilized distinct sets of ranps. VWhile the inmpact on ranp
congestion in the nobre imediate vicinity of the automated
facilities is not precisely known in terns of vehicle hours of

deIaYE these results still suggest a decrease in congestion since
traffic volune increased between 10% and 47%, while the number of
avai | abl e ranps, doubled in number. A detailed analysis of ranp

link volunme data was perforned to determne the statistical
significance of these results. The larger the percentage increases
in traffic volume, the nmore likely the results were statistically
significant. The sub-areas showing the three |argest percentage
increases in volune conparing the baseline to the automation
scenarios (L.A CBD, Long Beach, Riverside/San Bernardino) had
statistically significant ranp link volune increases. The other
t hree sub-areas had nmuch | ower percentage increases and these
results were not statistically significant. Even though only half
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the sub-areas showed statistically significant increases in traffic
vol une when standard statistical tests were applied, the general
trend indicates that ranp traffic adjacent to automated facilities
woul d beconme slightly to noderately nore congested. The slight
increases in traffic volume across the automation scenarios were
not statistically significant.

This anal ysis does not, however, determ ne whether such tendencies
are statistically significant or not. In order to test for
statistically significant differences in nmobility conditions on the
facilities imrediately surrounding the automation scenario network,
the appropriate statistical tests were chosen and perforned. These
tests conpared the traffic volume associated with the baseline and
alternative automation assignnents for ranﬂs and arterials adjacent
to the automation scenario network in each sub-area.

The choice of paranetric test for the arterial link level traffic
vol ume conparisons utilized the anal ysis of variance, ANovA, bl ock
design. The ANOVA test was selected for the link |evel analysis
rather than the paired difference test since the independence of
traffic volunme neasurenents within an assignnent could not be
assuned. That is, traffic volune nmeasurenents across arteri al
links are likely to be hi?hly correl ated, or dependent, thereby
invalidating the paired difference test procedure.

The aANOVA test utilizes matched sets, or blocks, of traffic volune
measurenents to test the null hypothesis that the average traffic
volume from each of two assignnents, i.e. baseline and automation
base ranps, are equal . The alternative hypothesis is that the
average traffic volune for each assignnment are different, in this
case |larger for one assignnent conpared to another given the
speci fic organi zation of our data. The F ratio is used to
determ ne whether the null hypothesis is accepted or rejected. The
tabulated F statistic was determned for the .05 level of
significance and degrees of freedom Cal cul ated F val ues were
constructed fromthe blocks of traffic volume and conpared with the
tabul ated F values in each test. Cal cul ated F val ues exceeding
tabul ated F values indicate that the differences in traffic vol unme
are statistically significant at the .05 level. The findings from
these tests are contained in the top portions of Tables 6.18 and
6.19 for arterial and ranp links respectively in close proximty to
the automation facilities.

In Table 6.18, conparison of the calculated and tabulated F
statistics -indicates that differences in baseline and automation
base ranp assignnment traffic volunmes were significant as well as
those between the baseline and automation additional ranps

assi gnnent . These results convey significantly higher traffic
volunmes on arterial links when the automation technology is not
present on the neighboring freeway. In four of the six 'subareas
t he base network ranps assignnment did not produce statistically
significant traffic volunes arterial link differences when conpared
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TABLE 6.16 H GHWAY AUTQOVATI ON ARTERI AL HOBI LI TY COVPARI SONS

ARTERI AL
Sub- Ar sa

Clarmont
El Toro
LACBD

Long Beach

Ri ver si de/ San
Ber nar di no

San Fer nando
Val | ey

Baseline vs

Base Ranps

VHD

-42.
-34
-57.
-74
- 36.
- 57.

© N AN N N B~

SPD
2.2
7.7
1.6
4.3
1.0
6.1

(Average Percentage Change)

Baseline vs

Added Ranps

VHD

-41.3
-31.3
-65.5
-76.4
-35.2
-60.5

+

+

+

+

+

SPD

g o W Bk w N

2
6
2
4.
1
6

Base Ranp vs
Added Ranps

VHD SPD
- 2.0 0.0
+ 5.3 -1.3
-18.5 +0.5
- 7.6 0.0
- 2.0 0.0
- 6.2 +0.4

SOUTRERR CRUIOENIA a
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TABLE 6. 17

RAMPS
Sub- Ar ea

d ar enont
El Toro
LACBD

Long Beach

Ri ver si de/ San
Ber nar di no

San Fernando
Val | ey

Basel i ne vs
Base Ranps

+ 5.3
+ 5.5
+32.8
+14.4
+20.5

+ 9.6

Basel i ne vs
Added Ranps

+ 0.7
+13.6
+46.5
+19.9
+22.6
+13.1

HIGHWAY AUTOVATI ON RAMP MOBI LI TY COVPARI SONS
(Average Traffic Volune Percentage Change)

Base Ranp vs
Added Ranps

+ 4.2
+ 7.6
+10.4
+ 4.8
+ 1.7
+ 3.3

JOUIRESA CALISORNIS D
ATOCIATION OF SOVERAMENT/
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to the additional ranp facilities assignnent. For the Long Beach
and San Fernando Val |l ey sub-areas, significant differences in
traffic volune were found when base ranps and additional ranp
facilities autonati on assignnents w.contrasted. Thus, there may
be Iimted evidence that the additional ranp facilities reduce
traffic volume on adjacent arterial I|inks.

The top portion of Table 6.19 shows mixed results fromthe
Faranetrlc tests concerning traffic volume differences on ranp

inks that are in close proximty to the automated facilities in
the selected sub-areas. For exanple, the LA CBD, Long Beach, and
Ri versi de/ San Bernardino sub-area statistical rests indicate that
differences in traffic volume are significant for the baseline
versus autonation base ranﬁs assignment. Gven that the data was
organi zed in a manner so that these differences may be interpreted
as baseline traffic volume |ess than automation base ranps traffic
volume, statistical significance suggests that ranp traffic is
i ncreased in these subareas when the automation technology is
applied in this manner. Sinilar increases in traffic volume occur
for the additional ranp facilities assignnment with the inclusion of
the El Toro sub-area to those with significantly less traffic
volume on ranp links prior to the automation technolo%y
utilization. However, since the nunber of ranps increases for the
additional ranp facilities relative to the base ranp network,
statistically significant traffic volune increases may still co-
exist with decreases in ranp delay in the vicinity of the automated
facilities. The conparison of ranp link traffic volume between the
t wo Futonation assignments did not yield statistically significant
results.

The nonparanetric test results, which utilized the wilcoxon signed
rank test previously described, for the arterial link level traffic
vol ume assi gnment conparisons were identical to the findings of the
paranetric test equivalents. These results are found in the |ower
portion of Table 6.18. The z statistic rather than the T statistic
was utilized since the |large nunber of observations allowed the
test to be approximated with a normal distribution test statistic.
A calculated z statistic exceeding the tabulated z statistic
confirms statistically significant differences in traffic volune.

The bottom portion of Table 6.19 indicates mixed results fromthe
nanaranetrlc tests related to traffic volume differences on ranp
| i nks adj acent to the automated facilities in the selected areas.

In the najority of sub-area tests, baseline assignment traffic
volume appears to be significantly |ess than both automation
assignnent's traffic volume for ranp I|inks. The a priori

expectation that automation would contribute to increased ranp
congestion was confirned in the majority of sub-area tests for the
base ranp network automation scenario. The nonparanetric and
parametric test results for this conparison were found to be in
general agreenment on this point. These results seemto indicate
that nmobility benefits are forthcomng from the autonation scenario
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TABLE 6.18 2025 HIGHWAY AUTOMATION

TRAFFIC VOLUME STATISTICAL TEST RESULTS

Parametric Test Statistics: Arterials

Calculated F
Sub-Area Tabulated ¥ _d.[. Casel Case2 Case3
Claremont 3.94 1/105 4.02 4.27 0.01
El Toro 3.91 1/135 30.24 44.51 1.88
LA CBD 3.91 1/13§ 45.46 47.64 0.39
Long Beach 3.89 1 /222 202.48 221.68 12.51
Riverside/San Bemardino 3.91 1/152 47.56 52.62 0.26
San Fernando Valiey 3.90 1/161 112.86 120.96 4.46

Non-Parametric Test Statistics: Arterials

Calculated Z
ub-A Tabulated Z Casel] Case?2  Caseld
Claremont 1.645 5.27 5.25 1.26
(105) (105) 92)
El Toro 1.645 5.37 6.46 1.28
(136) (136) (132)
LA CBD 1.645 6.63 6.80 2.24
(136) (136) (132)
Long Beach 1.645 10.87 10.98 3.86
(222) (223) (216)
Riverside/San Bernardino 1.645 6.88 6.90 1.28
(153) (153) (134)
San Fernando Valley 1.645 8.50 8.76 2.46
(162) (161) (160)
Note:
Case 1 = Significance test results for comparison of baseline assignment traffic volume greater than automated
assignment traffic volume with base network ramp facilities.
Case 2 = Significance test results for comparison of baseline assignment traffic volume greater than automated

assignment traffic volume with additional network ramp facilities.
Case 3 = Significance test results for comparison of automated assignment traffic volume with base network ramp
facilities greater than automated assignment traffic volume with additional ramp facilities.

Numbers in ( ) are sample sizes.
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Sub-Area

Claremont

El Toro

LA CBD

Long Beach
Riverside/San Bernardino

San Fernando Valley

Sub-Area

Claremont

El Toro

LA CBD

Long Beach
Riverside/San Bernardino

San Fernando Valley

Note:
Case 1

Table 6.192025 HI GHWAY AUTOMATION

TRAFFIC VOLUME STATISTICAL TEST RESULTS

etric T

Tabulated ¥

4.16
4.18
4.10
4.00
4.07
5.39

Non-Parametric Test Statistics: Ramps

: R

d.f Casel Case2

1731
1729
1/38
1/62
1/43
1/44

Tabulated T (Case?2

175

152

271

768

353

371

215
@2

183
(30)
146
(39)
556
(63)
149
)

362
(CL))

0.35
0.86
13.80
6.81
19.79
2.78

Calculated F

171
5.22
18.30
13.50
20.57
3.88

Calculated T

183
32

124
G0
106
(39)

408
(63)

141
“4)

321
45)

Cased
1.32
1.44
2.40
2.29
0.62
0.72

Case 3

197
€2))

202
€

306
39

690
(63)

422
“43)

427
44)

Significance test results for comparison of baseline assignment traffic volume

less than automated assignment traffic volume with base network ramp

facilities.

Case 2 = Significance test results for comparison of baseline assignment traffic volume
less than automated assignment traffic volume with additional network ramp

facilities.

Case 3 = Significance test results for comparison of automated assignment traffic
volume with base network ramp facilities automated assignment traffic volume

with lessthan additional ramp facilities.

Numbersin () are sample sizes.
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7.0 OTHER REG ONAL | MPACTS OF FI NAL sysTeM DESI G\S

In this chapter major regional inpacts of the final system designs
other than mobility inpacts are discussed, wth the focus on energy
and environmental issues. In section 7.1, energy conservation is
eval uated for both roadway electrification scenarios (exclusive,

and non-exclusive). Energy conservation inpacts are determ ned for
petrol eum and natural gas. For each of these two cases, energy
consunption is analyzed for both AM peak and daily travel; for
travel both on and off the electrified network; and, for the on-
network portion of this travel. Section 7.2 documents the em ssions
i npacts for all four scenarios (RPEV excl usive and non-excl usive,

automation with base network ranmp facilities and automation wth
additional ranp facilities). The em ssions analysis is perforned
for the AM peak only, and enphasis is on the two roadwa

electrification scenarios. Section 7.3 docunents the inpact o

both RPEV scenarios on the demand for electricity from the
utilities in the SCAG region for the AM peak, PM peak, and daily
time periods. For sections 7.1 through 7.3, the analysis is
performed for the two major vehicle types, light duty auto (LDA)

and light duty truck (LDT). Toget her these two vehicle types
conprise approximately 94% of the torecasted vehicle fleet in 2025
for the SCAG region. For sections 7.1 and 7.3, in which results
were derived for tine periods other than the AM peak, estinates of
electrified network vehicle mles of travel (VMI) were nade for
these alternate time periods. Finally, in section 7.4, additional
i ssues of inportance to the roadway electrification technology are
di scussed such as (1) battery recycling and disposal, (2)
el ectromagnetic field interference, and (3) acoustic noise.

7.1 FOSSIL FUEL ENercY CONSUMPTI ON

This section analyzes the inpact of both roadway electrification
scenarios on fossil fuel energy usage in the production of
el ectricity conpared to fossil fuel usage in the baseline scenario.

The energy sources under scrutiny in this analysis are petrol eum
and natural gas. Coal, another fossil fuel, was excluded from the
analysis since it only contributes a very small anount (1) in the
petrol eum based production process of gasoline, and (2) in the
natural gas-based generation of electricity. Coal-based production
of electricity is estimated to account for approximtely 3% of

total electricity supply for the region in 2025, all of which would
originate out-of-basin.

An analysis of petroleum usage alone is perforned because of its
| arge usage in the U S. transportation sector, and the dependence
of the U.S. on foreign sources of oil. An analysis of natural gas
consunption is performed since it is forecasted to be the fue

feedstock source for approximately 81% of electricity generated for
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the region in 2025. The analysis is perfornmed for both LDA’s,
oT’s, and for these two vehicle types aggregated. Total RPEV
dr|V|n? (on and off the network) is presented as well as on-network
only, for two time periods: AM peak and daily.

For both types of fossil fuel cases (petroleumonly and natural
gas-only), the total RPEV network consunption for each scenario in
the AM peak refers to the total fossil fuel consunption for the
RPEV driving occurring during the AM peak. However, the processing
of all that energy does not occur during the AM peak because part
of that ener?y consunption results fromthe battery driven portion
of the vehicles off the powered roadway. It is assuned that all
battery recharging occurs overnight. Even if m dday opportunlé%
recharging were to occur, energy consunption and actual RP
driving would occur during different times. The on-network portion
energy consunption conparison restricts the energy consunption and
actual driving to the same tinme period. The nethodol ogy used in
the estimation of fossil fuel energy consunption was devel oped by
Wang et al. (1992). A summary of the nethodol ogi cal approach is
presented in the next section,

Petroleum Co i alveis

The baseline scenario vehicle fleet is assuned to consist entirely
of gasoline ICEV’s. There are two sources of petrol eum consunption
for these ICEV’s, namely, vehicle gasoline consunption and the use
of petrol eum derived fuels used In the earlier phases of the
gasol ine production cycle, such as gasoline, diesel, and fuel oil
Wiile the focus is on the use of petroleumbased products in all
phases of the fuel cycle, it should be noted that other energy
sources, both primary and secondary are used in the gasoline
production process. hese other energy sources are discussed when
all fossil fuel primary energy sources are anal yzed.

The formula for calculating [ CEV petroleum consunption in units of
mllion British thermal units (nbtu) is the follow ng:

PC,, = 125,000%VMT/ (MPG*10°%) * (1+PEU,*PPEU,)

PC,., i S the petrol eum consunption of gasoline ICEV’s in nbtu; VM
is the total vehicle mles traveled for the specific scenario and
time period under investigation; MPGis the fuel econony (mles per
gal lon) of ICEV’s; 125,000 is the heating value of gasoline in btu
per gallon; PEU; is the process energy use in btu per btu of
gasoline output; and PPEU, is the percent process energy that is
petroleum VMl for both tFme periods for the baseline scenario was
derived fromthe transportation nmodel run output. For the two RPEV
scenari os during the AM peak, VMI for all vehicles (ICEV’s and
RPEV’s) and RPEV’S-only were output from the nodel . The | CEV
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portion of this was derived by subtracting total VMI attributed to
t he RPEV’s (6,248,000). For daily VMI, an estimate of the tota
VMI for all trips and for RPEV-only trips for each RPEV scenario is
estimated first, and then the RPEV associated trip VMT iS
subtracted fromthe total VMI to derive total daily VMI for the
ICEV trlp portion. MPG data was obtained for each vehicle type
(LDA and LDT) from Direct Travel Input Model (DTIM nodel output.
PEU, and PPEU, data is taken directly from Wang et al (1992).
Petrol eum consunption estimates for each of the two nmajor vehicle
types are estinmated bz mei?hing the total petrol eum consunption for
gﬁsogfne ICEV’s by the relative percentage of LDA’s and LDT’s in
the fleet.

Petrol eum consunption for RPEV’s is also derived fromtwo sources.
Anal ogous to the |CEV case, those two sources are the use of
petroleum for electricity generation and the use of petrol eum
products for processing other fuels such as coal and natural gas.

The fornula for calculating RPEV petrol eum consunption in units of
nbtu is the follow ng:

PCrow = EC*3412+VMT/10%* (L (P,*PEU,*PPEU,/CE;) +
i

P,* (1 + PEU*PPEU,) /CEy]

PC.., i S the petrol eum consunption of RPEV’s in nbtu, ECis the RPEV
electricity consunmption in kwh per mle including (1) distribution
| osses between the power plant and the wall outlet or the roadway
i nductor, and (2) battery, battery charger and battery overcharging
efficiencies for off-network travel or inductive coupling system

efficiencies for on-network travel. A meiqhted average of
electricity consunption is used when petroleum consunption
estimates are derived for both on- and off-network travel. The

wei ghts for on- and off-network travel are estimated from AM peak
period nodeling results (Wang et al 1992, Systens Control

Technol ogy, Inc. 1993). VM for the AM peak period is 6,248,000.
The daiby equi valent of this total was estimated to be 63,970,242
and is derived by conputing the ratio of regional on-freeway AM
peak VMI to regional on-freeway daily VM, It was assuned that
this ratio is preserved when considering on-RPEV network VMI
instead of regional on-freeway vMr. Thus, the estinmate for daily
on- RPEV network VMI is the AM peak on- RPEV network VM (2,903,749)
divided by this ratio (15,085,000/154,448,000). The |ast step is
to convert this on-RPEV network daily VMI into total RPEV daily
VMT. It 1s assunmed that the on-network/off-network percentage
split for daily equals the percentage split for the AM peak. Thris
|atter ratio is 0.4647485 (2,903,749/6,248,000). The estimte for
daily VMI on- and off- the RPEV network equals 63,970,242. P; IS
the percentage of electricity produced from fuel source i, other
than oil (i = 1: coal; i = 2: natural gas). O all other fue

feedstock sources used for electricity production, the use of
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uraniumin nuclear power plants would also utilize petroleumin the
electricity generation process. However, not all required data is
available and so the total petroleum consunption cannot be
estimated for nucl ear ower . Yet because only about 2% of
electricity is estimated to be produced via nucl ear power in 2025,

the loss is considered acceptably small. PEU, is the process energr
usage for one unit ofenergyoutput, expressed in btu per btu o

energy output fromfuel source i Input into the power plants. PPEU;,
Is the petrol eum percentage of energy usage for fuel source i, out
of total energy use. CE IS the power plant conversion efficiency
when fueled by fuel source i. P, is the percentage of electricity
produced fromoil. PEU, iS the process energy usage for one unit
of energy output, in btu Ber.btu of energy output from oil input
into the power plant. PPEU, is the petroleum percentage of energy
usage for oil out of total energy use. Wang et al provided data
for PEU, PPEU,, CE, PEU,, and PPEU,. Data for P, and Py were
derived frominformation in the Phase | Report on the 2025 baseline
utility forecast.

The results for the petrol eum consunption anal ysis appear in Tabies
7.1 through 7.4 bel ow. Anal¥3|s was done for both the AM peak and
daily and for all RPEV traffic (on- and off-network), as well as
considering on-network traffic only.

TABLE /.1
2025 ROADWAY ELECTRIFICATION
AN PEAR PETROLEUM CONSUMPTION (mbtu): ON & OFF NETWORK

Baseline Exclusive RPEV Non- Excl usi ve RPEV
LDA 173, 694 153,677 (-11.52) 153,430 (-11.67)
LDT 61, 189 54,141 (-11.52) 54,054 (-11.66)
Tot al 234,883 207,818 (-11.52) 207,483 (-11.67)

Note: Nunber8 i N parent heses represent percentage changes relative to the baseline.
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TABLE 7.2
2025 ROADVWAY ELECTRIFICATION

AN PEAR PETROLEUM CONSUMPTION (mbtu): ON NETWORK

Basel i ne Exclusive RPEV Non- Excl usi ve RPEV
LDA 173, 694 153,669 (-11.53) 153,421 (-11.67)
LDT 61, 189 54,136 (-11.53) 54,049 (-11.67)
Tot al 234, 883 207,805 (-11.53) 207,470 (-11.67)

Note: Nunbers in parentheses represent percentage changes relative to the baseline.

TABLE 7.3
2025 ROADWAY ELECTRI FI CATI ON
DAI LY PETROLEUM CONSUMPTI ON (mbtu): ON & OF? NETWORK

Basel i ne Exclusive RPEV Non- Excl usi ve RPEV
LDA 1,357,531 1,151,687 (-15.16) 1,149,754 (-15.31)
LDT 478, 233 405,750  (-15.16) 405,069  (-15.30)
Tot al 1,835,764 1,557,437 (-15.16) 1,554,823 (-15.30)

Note: Numbers in parentheses represent percentage changes relative to the baseline.

TABLE 7. 4
2025 ROADWAY ELECTRIFICATION

DAl LY PETROLEUM CONSUMPTI ON (mbtu): ON NETWORK

Basel i ne Excl usi ve RPEV Non- Excl usi ve RPEV
LDA 1,357,531 1,151,600 (-15.17) 1,149,667 (-15.31)
LDT 478, 233 405,702  (-15.17) 405,021 (-15.31)
Tot al 1,835,764 1,557,301 (-15.17) 1,554,688 (-15.31)

Note: Numbers in parentheses represent percentage changes relative to the baseline.

The results show that for each tinme period and scenari o conparison
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the differences between total RPEV driving and on-network results
are negligible. The reason for this is that the market penetration
for both RPEV scenarios is small and the internal conbustion_engine
vehicle (I CEV) conponent dom nates the RPEV conponent. The on-
networ k conponent is approximately half of the total on- and off-
network fossil fuel consunption.

The percentage petrol eum consunption savings in the AM peak period
for both RPEV scenarios and for both all-RPEV traffic and on-
network RPEV traffic only is approximtely 12% Only very snal |
differences exist between the all-RPEV traffic and on-network only
for a given vehicle type and RPEV scenari o because the market

penetration for the RPEV’s is snall, yielding an extrenely snal
petrol eum consunption (mbtu) relative to the total scenario
petrol eum consunption (0.01%. Restricting all RPEV traffic to

just the on-network portion, that is, reducing the VMI by a factor
of about 0.465 wll sinply nmake an already small nunber ﬁRPEV
contribution to total scenario petrol eum consunption) even snaller

For a given vehicle tyﬁe and type of RPEV traffic (total or on-
only), there is a slight difference between the total petrol eum
consunption and hence also for the percentage savings fromthe
basel i ne because the total VMI for the aM peak period for the two

RPEV scenarios were slightly different due to the' scenario
di fferences.

The petrol eum consunption savings for the daily tine period and
both RPEV scenarios and both all-RPEV traffic and on-network RPEV
traffic only is approximately 15% Oobservations for this case my
be nmade anal ogous to the AM peak period. The difference in results
between the two tine periods is a function of the estimte used for
total daily RPEV VMI, and how it was cal cul ated. These differences
woul d have been negligible had it been calculated by preserving the
ratio of total RPEV VMI (6,248,000) to total regional VMl for each
scenari o. For exanple, for the RPEV exclusive scenario, the tota
regional VMI is 53,301,809, and so the ratio would be

0.1172. This nethod was rejected because it included data on al
facilities, and it was felt that concentrating on freeways only
woul d be nore appropriate because the RPEV network consisted only
of freeways.

| : Lysi

The ot her fossil fuel feedstock exam ned was natural gas. Even
t hough the RPEV market penetration was relatively small, 81% of
electricity produced for the RPEVs was derived from natural gas as
the primary energy source. Natural gas was, in fact, the only in-
basin fuel feedstock source used.

An assessnent of fossil fuel primary energy consunption was
perfornmed in which petroleum and natural gas were the prinmary

energy sources considered and the entire energy production process
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stream was anal yzed. It is assuned that gasoline for ICEvV’s is
provided entirely by petroleum In addition to excluding coal from
the analysis, all non-fossil fuel primary energy sources, such as
bi omass, were also excluded. For the bi omass case, approxinately
3% of electricity generated in the SCAG region for 2025 is
forecasted to come from this material. However, trace amounts of
such non-fossil fuels as well as coal were included inthe primar
energy consunption derivation for |CEVs and RPEVs because al
downstream energy sources were considered in the natural gas-based
electricity generation process and the petrol eumbased gasoline
producti on process. Thus even though the baseline scenario
consi sts of gasoline powered | CEVs and the primary energy source is
petrol eum other energy sources such as natural gas are consuned in
t he whol e process of gasoline production. Based on the results of
this analysis and the petrol eum consunption previously discussed,
natural gas-only usage was derived. It was assuned, based on best

rof essional judgment, that approximately 90% of the difference

etween total |CEV petrol eum based energyconsunption (petroleum
natural gas, etc.) and total |CEV petrol eum consunption woul d
conprise the amount of natural gas consunption in the baseline
scenario as well as in the ICEV portion of each RPEV scenario. In
each RPEV scenario, consunption of natural gas for the RPEV portion
was based solely on the difference between total RPEV natural gas-
based energy consunption (natural gas, petroleum etc.) and RPEV
petrol eum consunption. All other consunption sources, e.g. biomass
were assunmed negligible in size.

The formula for calculating ICEV primary energy consunption in
units of nbtu is the follow ng:

PEC,, = 125,000*%VMT/ (MPG*10°) /PEE

PEC,, is the primary energy consunption of ICEVs in nbtu, VMI and
MPG are described in the previous section on petrol eum consunpti on.
PEE is the process energy efficiency fromprimary source recovery
to gasoline in service stations.

The formula for calculating RPEV primary energy consunption in
units of nbtu is the follow ng:

PEC,., = 3412*EC*VMT/ (PEE*10°)
EC is described in the previous section on petrol eum consunption.

The results for the natural gas consunption aBpears inTables 7.5
through 7.8 below. Analysis was perforned for both the AM peak and
daily and for all RPEV traffic (on- and off-network), and on-
network traffic only.
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2025 ROADWAY ELECTRI FI CATI ON

AN PEAR NATURAL OAS

Basel i ne
LDA 23, 326
LDT 8,217
Tot al 31, 543

Note: Nunbers in parentheses represent

2025 ROADWAY ELECTRI FI CATI ON

TABLE 7.5

CONSUMPTI ON FOR TRANSPORTATI ON (mbtu)

ON & OFF NETWORK
Excl usi ve RPEV
32,300 (+38.47)

13,689 (+66.59)
45,989 (+45.80)

TABLE 7.6

Non- Excl usi ve RPEV

per cent age changes

32,267  (+38.33)
13,678  (+66.46)
45,945  (+45.66)

relative to the baseline.

AM PEAR NATURAL CAS CONSUMPTI ON FOR TRANSPCORTATI ON (mbtu)

Basel i ne
LDA 23, 326
LDT 8,217
Tot al 31, 543

ON NETWORK
Excl usi ve RPEV
26,013 (+11.52)

10,223 (+24.41)
36,236 (+14.88)

Non- Excl usi ve RPEV

25,980  (+11.38)
10,212  (+24.28)
36,192  (+14.74)

Note: Numbers in parentheses represent percentage changes relative to the baseline.

2025 ROADWAY ELECTRIFICATION

TABLE 7.7

DAl LY NATURAL GAS CONSUMPTION FOR TRANSPORTATION (mbtu)

Basel i ne
LDA 182,307
LDT 64, 223
Tot al 246, 530

ON & OF? NETWORK
Excl usi ve RPBV

274,069 (+50.33)
120,211 (+87.18)
394,280 (+59.93)

Non- Excl usi ve RPEV

273, 810 (+50.19)
120, 120 (+87.04)
393, 930 (+59.79)

Note: Nunbers in parentheses represent percentage changes relative to the baseline.
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- TABLE 7.8
2025 ROADWAY ELECTRI FI CATI ON
DAILY NATURAL GAS cONSUMPTION FOR TRANSPORTATI ON (bt u)

ON NETWORK
Baseline Exclusive RPEV Non- Excl usi ve RPEV
LDA 182, 307 209,701 (+15.03) 209, 442 (+14.88)
LDT 64, 223 84,724 (+31.92) 84, 633 (+31.78)
Tot al 246, 530 294,425 (+19.43) 294, 075 (+19.29)

Note: Numbers in parentheses represent percentage changes relative to the baseline.

Because natural gas was the primary energy source for 81% of
generated electricity, large increases in natural gas usage
relative to the baseline occurred. NMoreover, there were sizeable
differences in the nmagnitude of the increase in natural gas
consunption relative to the baseline for dai IE)</ versus AM peak
period travel and total RPEV network versus on-RPEV network travel.
Al though the baseline scenario consisted of gasoline powered ICEVs,
and the primary energy source was petrol eum other ener?y sour ces
such as natural gas were consuned in the whole process of gasoline
producti on. Tables 7.5 through 7.8 depict the amount of this
source of natural gas consunption

Total daily natural gas usage was forecast to increase about 60%
for each RPEV scenario for the aggregation of LDAs and rLpTs. Wile
the forecast daily petrol eum consunption percentage decrease (15%
was considerably smaller than the anal ogous natural gas usage
per centage increase (about 60% for the aggregation of LDAs and
LDTs, in ternms of actual consunption, petroleum usage decreased
278,327 nbtu, and natural gas consunption increased approxi mately
147,500 nbtu. As in the case for petrol eum consunption anal ysis,
the relatively mnor differences between scenarios for a given
vehicle type, time period, and type of RPEV traffic was due to VMI
di fferences between these two scenari os. The increase in dai
natural gas consunption aggregated over both vehicle types for bot
scenarios for travel on and off the network was approximtely 0.148
trillion btu (tbtu) (Table 7.7). Total annual end use demand of
natural gas for lifornia in 2025 was projected to be
approximately 1,500 (tbtu) (CEC, 1989). The SCAG region proportion
of this ambunt is about s0%, that is, 750 tbtu, based on the
region's population relative to the whole state. Thus the average
daily volume of natural gas demand in the SCAG region for 2025
(baseline) was forecast to be approximtely 2.055 tbtu. Thus,
total incremental natural %as consunption for either of the RPEV
scenarios (0.148 tbtu) woul d cause an increase of approximtely
7.2%relative to the baseline.
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The projected average daily percentage increase in natural gas
demand for the SCAG region between 1990 (1.97 tbtu (CEC, 1991)) and
the baseline for 2025 (2.055 tbtu) is 4.3% However, the
forecasted daily natural gas supply for the SCAG region in 2025 was
about 3.297 tbtu. Thus, while the increase due to the RPEVs was
significant relative to the increase between 1990 and 2025,
plentiful natural gas supplies wereforecast to be available to
meet the additional demand for 2025.

7.2 EM SSI ONS ANALYSI S

The objective of this section is to analyze the inpacts of both
roadway el ectrification and highway automation on air qualit¥.
Roadway electrification results are ﬁresented for both the
excl usive and non-exclusive scenarios. | ghway automation results
are presented for both the base ranp network facilities and
addi ti onal ranB facilities scenarios. Results are given for five
pol | utants: eactive Organic Gases, an ozone precursor (ROG
Carbon Monoxide (CO, N trogen Oxide (NOX), Sulfur Oxide (SOX), and
Particulate Matter (PM. Al results are reported for the AM peak
period only. The results are reported for each of the two nmajor
vehicle types, LDA’s and LDT’s, and their aggregate total

Basel i ne_Em ssi ons

The basel i ne assessnent of em ssions for the AN&Peak peri od was
determ ned by use of the Direct Travel |npacts Mdel (DTIM. The
nmet hodol ogies contained in DTIM and its conpanion inpact rate
program EMFAC7E, were enployed, wth nodifications recomrended by
the California Alr Resources Board (CARB) for 2025, to calculate
the baseline em ssions for each of the five pollutants. EMFAC7E
was the nost current version of CARB’s em ssions inpact rate nodel
avai | abl e. EMFAC7EP has since superseded EMFAC7E. The
ram fications of not having EMFAC7EP to use are discussed later in
this section.

DTIM provided total em ssions for the entire vehicle fleet
di saggregated by em ssion type. These data needed to be further
partitioned by vehicle type. To disaggregate total em ssions b

vehicle type, two factors were required: (1) percentage mx o
each vehicle type in the vehicle fleet population, and (2)
differences in em ssions by vehicle type. he percentage m x for

ILDA’s and LDT’s is 74.1% and 19.6%, respectively. Vehicle type
emi ssion differences also vary by emission type. = For the baseline
fleet, assunmed to beentirely conposed of Internal Conbustion
Engi ne Vehicl es (ICEV’s), vehicle em ssions were conposed of cold

start, hot start, evaporative and running. Cold and hot start
em ssions occur _as the vehicle heats up to its normal operating
t enperat ure. These emni ssions consist of ROG CO  and NOX

Evaporative ROG em ssions consist of diurnal, hot soak, and running
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evaporative losses. Diurnal enmssions are those that occur from
day to day due to the daily heating and cooling cycle of the fuel.

Hot soak emissions happen when hot vapors are emtted at the end of

atrip. Runni ng evaporative |osses occur when the vehicle is
nmoving.  Running em ssions are exhaust em ssions and consi st of

ROG CO NOX, SOX, and PM pollutants. DTIM provided emni ssions data
(granms per hour% by vehicle speed in 5 mle per hour (nph)

increments from5 to 65 nph together with total vHT and VMI for
each of these speeds for both vehicle types.  Total running
em ssions were derived fromthe distributional em ssions (grans per
hour) and VHT data. A weighted average of the em ssions (grams per
mle) for each vehicle tgpe was al so derived based on the
distribution of VMI by speed increment. The breakdown of running
evaporati ve em ssions by vehicle type was derived from these
wei ghted averages together with the percentage mx for LDA’s and
LDT’s. CARB provi ded enmission rates by vehicle type for cold and
hot start, ot soak and diurnal emssions for all relevant

pol lutants (CARB, 1991). These data were for the year 2010. It

was assumed that while the specific em ssion rates coul d change
between 2010 and 2025, the ratio of the emi ssion rates (LDA/LDT)

for each em ssion type and pollutant would remain constant. Cold
and hot start, hot soak and diurnal em ssions partitioned by
vehicle type were derived from these data together with the
percentage mx of LDA’s and LDT'’s.

The above anal ysis described the derivation of vehicle-source
em ssions disaggregated by vehicle type. There are two stationary
em ssion sources also included inthe derivation of total baseline
em ssions. They are refueling em ssions consisting of evaporative
em ssions at both fuel stations and bul k plants, and petrol eum
refinery emissions. The methodol ogy used to cal cul ate emissions
from these two sources was devel oped by Wang et al (1990).

Em ssion factors for these two sources were derived for both LDA’s
and Lor’s for California for 1995 and 2010. They were expressed in
units of grams per mle. There are ROG CO NOX, SOX, and PM
refinery emssions, and ROG refueling em ssions. Emssion factors
were derived initially for 1995, These factors were then
extrapol ated to 2010 by assuming a 10% reduction in both %%pes of
em ssions for each s-year period between 1995 and 2010. e same
approach was used to extend the 2010 data to 2025. The |CEV fuel

econony estimates for 2025 replaced those used in Wang et al

(1990). The emssion factors (granms/mle) were first converted to
t ot al ﬂrans by multiplying by the total VMI for each vehicle type
in each RPEV scenario. Subsequently, these em ssion factors were
expressed in units of tons to conformw th all other reported
pol l uti on sources.

Roadway Electrification

Each roadway el ectrification scenario (exclusive and non-exclusiv%%J
was further partitioned into the follow ng two cases: all RP
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traffic (on=- and off-network traffic) and on-network traffic only.

All RPEV traffic em ssions refer to the pollution produced by
vehicles driving during the AM peak period. However, not all this
pollution is produced during this period because approximtely 53%
of the vMT is generated from off-network travel, that is, via power

fromthe onboard battery. It is assuned throughout the em ssions
and utility usage analyses that all battery rechargi ng occurs
overni ght (10PM-6AM). Thus of f-network pollution s produced
dvewnight net elurti ng t he AMfpeak gpemnod. s s I o0 n s ar e
therefore reported: total em ssions produced during the day by
vehicles driving during the AM peak period and em ssions generated
during the AM peak peri od.

In addition to the baseline scenario, DTIM provided total em ssions
for both roadway electrification scenarios. These results were
again expressed for the entire vehicle fleet disaggrePated by
emi ssion types. The RPEV’swererepresented in this nodel run as
zero-em ssion vehicles. The total vehicle em ssions reported were
for the remaining ICEV/’s. Though RPEV’s thensel ves do not pollute,
t he power pl ants generatin% electricity used for batter¥ rechargi ng
or roadway power do pollute. The total amount of pollution
generated i1 n both roadway electrification scenarios is the sum of
the nobile source em ssions generated by the ICEV’s and the
stationary source emissions produced by the electric power plants.

The met hodol ogy described above for the baseline case was used to
derive total em ssions for the ICEV portion of each RPEV scenario
di saggregated by vehicle type. The last step in the derivation of
total em ssions was the cal culati on of power plant enissions by
vehicl e tyPe and | evel of RPEV traffic (on- and off-network or on-
network only).

The initial step in deriving total stationary source em sSions was
to derive in-basin pomermﬁlant em ssion factors in units of grans
per kilowatt-hour (g/kwh) for the year 2025 disaggregated by
pol lutant. The basic nethodol ogy used was devel oped by Wang et a

(1990). Additional data needed to reflect characteristics of power
plants for the SCAG region were provided by Dow at abadi et al
(1990). The cal cul ation of power plant em ssion factors (g/kwh)

required the (1) percentage breakdown of fuel feedstock sources for
in-basin electricity generating power plants, (2 mx of power
plants by type for each fuel feedstock source, (3? future em ssion
reduction technologies utilized in each power plant type coupled
with the percentage em ssion reduction for each pollutant, and (4)

percent age-' of power plants by type enploying these em ssion
reduction technol ogi es.

The percentage breakdown of fuel feedstock sources and the m x of
power plants by type wasderived from the baseline utility forecast
for 2025 documented in the Phase | Report (pgs. 3-19 to 3-33).
Natural gas was the only in-basin fuel feedstock source used in the

7-12

JOVINSRA CALSORNIA a
RIOCHNONA OF SOVARAMENT/

818 W. Seventh Street,12th Floor ¢ Los Angeles, CA 90017-3435 00 (213) 2361800 ¢ FAX (213) 236-1825



derivation of power plant emssion factors, generating 81% of SCAG
region electricity in 2025, Gas power plants further disaggregated
into steam turbine, conbined cycle, and advanced conbined cycle
types. Fuel feedstock sources such as hydroelectric, wnd, solar
and nuclear are not included in the analysis because they produce
negligible emssions. GIl-fired turbines are also used in-basin to
produce electricity. However, they conprise aﬁproxinately 1/20 of
1% of electricity generated for 2025 and even though their |evel of

pol lution is conParabIe with some of the gas pollution anmounts,

they are omtted fromthe analysis. Bionmass-fired powerplants were
excluded (1) given their small contribution to electricity
production (approximately 3%), (2) the lack of sufficient of data
to describe biomass emssion factors, and (3) the assunption that
bi omass woul d notbe part of the marginal powerplant mx to produce
electricity for RPEV usage (Fprd,_1992%. Coal -fired powerplants
were not projected for the region in 2025 and so were excl uded from
the analysis since the focus of the study was in-basin em ssions
assessnent .

Approxi mately 4% of the electricity supply was expected to be
i nported to the region in 2025 from out-of-basin coal and
hydroel ectric' power sources (SCAG 1991), with coal accounting for
approximately two-thirds of the inports and all hydroel ectric power
imported from the Pacific Northwest. There was insufficient data
to estimate the in/out state mx for coal inports. However, based
on the derivation of the total anmount of daily em ssions from coal-
fired powerplants, there will be a m ninumof 20 pounds for PMto
a maxi mum of 200 pounds for Sox for the each of the RPEV scenari os.
These additional em ssions increase the before-coal powerplant
em ssion |levels at nost 4% across all pollutants except Sox.
Addi tional Sox em ssions increased corresponding enmssion |evels by
500% However, before-coal powerplant em ssions were so small that
t hese added coal -generated em ssions have no effect on the
percentage change in emssion levels fromthe baseline to the RPEV
scenario for all pollutants. Thus excluding all coal-fired
power pl ants fromthe anal ysis displaces a small anount of em ssions
attributed to usage in the SCAG region to other regions.

The pomerPIant mx used in the analysis was representative of the
average ftuel feedstock percentage breakdown rather than the
margi nal mx of fuels needed to satisfy increnental electricit

demand created by RPEVs for 2025. No forecasts have been made o

such fuel conbinations for the SCAG region for 2025. However,

rel ated research was performed for the Southern California region
for battery-powered electric vehicle (EV) usage for 2010 (Ford,
1992) . This work focused on the Southern California Edison
Conpany's service area, one of two major electricity service
providers in the SCAG region. The results of this work indicated
that the overwhel m ng najorit¥ of the extra energy needed for Evs
will conme fromnatural gas-fired powerplants, wth a range in
natural gas usage varying between 70% and 90% This result agrees
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wth the fuel mx used in our research, since natural gas was
forecast to fuel 81% of generated electricity in 2025.

Al other necessary information ((3), (4), and (5) above? wer e
derived from Wang et al (1990) and Dow at abadi et al (1990) for the
ear 2010. Power pl ant em ssions are assuned to be reduced by 20%
etween 2010 and 2025 across all power plant types and pollutants.
Table 7.9 describes the in-basin power plant em ssion factors

(grams/kwh) for each pollutant and power plant type.

TABLE 7.9
2025 I N-BASI N POAER PLANT ENI SSI ON FACTORS

(grams/kwh)
ROG co NOX 80X PN
Gae Steam (SCR) 0. 0069 0.0275 0.1135 0.0022 0.0106
Gas Tur bi ne 0. 0946 0.1192 0.1135 0.0032 0.0723
Gas Combi ned Cycle 0. 0631 0.0795 0.0998 0.0022 0. 0483
Gas ACC 0. 0492 0.0620 0.0776 0.0017 0.0377

Note: SCR = Selective Catalytic Reduction
ACC = Advanced Conbi ned Cycle

The em ssions depicted in Table 7.9 are those produced per
kilowatt-hour at the power plant. The next step is to convert the
power plant emssion factors to units of grams per mle by
nultlplylng by the vehicle energy consunption (kwh/mle) for each
vehicle type. Vehicle energy consunption nust take into account
all distribution |osses between the power plant and the vehicle to
derive an accurate estimate of total power plant emssions

(grams/mle). Energy |osses occur during the power transm ssion
phase between the power plant and either the wall outlet or the
roadway i nductor. Battery and battery charging | osses for off-

network travel and inductive coupling system | osses for on-network
travel occur. Tables 7.10 through 7.13 describe em ssion factors
(granms/mle) for each pollutant by vehicle type and power source
for RPEV’s (roadway inductor or onboard battery). Each entry in
each table was calculated by multiplying the corresponding entry in
Table 7.9 bythe vehicle energy consunption listed in each table
title. Al four vehicle energy consunption estimtes were derived
fromdata in Wang et al (1992) and discussions with nembers of the
Proj ect Advisory G oup.

The next step consisted of aggregating em ssion factors across
power plant types consistent wth the power plant type mXx
di scussed earlier. Thi s was done for each vehicle type, power
source (electrified roadway or onboard battery), and pollutant.
Subsequently, for the total RPEV traffic case, a weighted average
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TABLE 7. 10
2025 RPEV EM SSION FACTORS (grams/mile)

LDA’'s on Electrified Roadway: Energy Consunption 0.26 kwh/mile

ROG co Nox SOX PM
Gae Steam (SCR) 0. 0018 0. 0072 0. 0295 0. 0006 0. 0028
Gas Tur bi ne 0. 0246 0. 0310 0. 0295 0. 0008 0. 0188
Gae Conbi ned Cycle 0.0164 0. 0207 0. 0259 0. 0006 0. 0126
cas ACC 0.0128 0. 0161 0. 0202 0. 0004 0. 0098

Note : SCR = Sel ective Catal ytic Reduction
ACC = Advanced Conbi ned Cycle

TABLE 7. 11
2025 RPEV RN SSI ON FACTORS (grams/mile)

LOA‘s off El ectrified Roads:s Energy Consunption 0.264 kwh/mile

ROG co Nox SOX PN
Gas Steam (SCR) 0. 0018 0. 0073 0. 0300 0. 0006 0. 0028
Gas Tur bi ne 0. 0250 0. 0315 0. 0300 0. 0008 0.0191
Gas Conbi ned Cycle 0. 0167 0. 0210 0. 0263 0. 0006 0.0128
Gas ACC 0. 0130 0.0164 0. 0206 0. 0005 0. 0099

Not e: SCR = Sel ective Catal ytic Reduction
ACC = Advanced Conbi ned Cycle

TABLE 7. 12
2025 RPEV EM SSI ON FACTORS (grans/ mile)

LpT’s on Electrified Roads: Energy Consunmption 0.54 kwh/mile

ROG co Nox Sox PM
Gae Steam (SCR) 0. 0037 0. 0149 0. 0613 0. 0012 0. 0057
Gae Turbi ne 0. 0511 0. 0644 0. 0613 0. 0017 0. 0390
Gae Combi ned Cycle 0. 0341 0. 0429 0. 0539 0. 0012 0. 0261
Gas ACC 0. 0266 0. 0335 0. 0420 0. 0009 0. 0203

Not e: SCR = Sel ective Catal ytic Reduction
ACC = Advanced Conbi ned Cycle
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TABLE 7.13
2025 RPEV W SSI ON FACTORS (gramns/rile)

LDT's off Electrified Roads: Energy Consunption 0.55 kwh/mile

ROG co Nox Sox PN
Gae Steam (SCR) 0. 0038 0. 0151 0. 0624 0. 0012 0. 0058
Gas Tur bi ne 0. 0520 0. 0656 0. 0624 0.0018 0. 0398
Gae Conbi ned Cycle 0. 0347 0. 0437 0. 0549 0. 0012 0. 0266
Gae ACC 0. 0271 0. 0341 0. 0428 0. 0009 0. 0207

Note : SCR = Sel ective Catalytic Reduction
ACC = Advanced Combi ned Cycle

of em ssion factors was derived to reflect the on-network/off-

network percentage split of RPEV travel. This percentage split was
46.5/53.5 respectively. The final steﬁ converted the em ssion
factors (g/mle) into total tons for each vehicle type and extent

of RPEV travel by rnntiﬁlying the enission factors by the
appropriate VMI for that vehicle type and converting grans to tons.
Total power plant em ssions are expressed in terns of tons for each
pollutant, vehicle type, and extent of RPEV travel. These
stationary source em ssions were then added to the total ICEV
em ssions (mobile and stationary source) previously discussed. The
results are presented in Tables 7.14 and 7.15 for all RPEV trave
and on-network only travel, respectively. Results in both tables
are for all three scenarios, for each pollutant and vehicle type,
and the percentage change in emssions for each roadway
electrification scenario relative to the baseline.

All results indicate a reduction in the total emssions for each
roadway electrification scenario relative to the baseline. The
percentage reductions are slightly greater for the on-network only
travel case (Table 7.15) than for the total RPEV travel case. This
occurs because the off-network travel and associ ated power plant
em ssions are omtted fromthe calculation resulting in | ower

em ssions and increased percentage reductions, Per cent age
reductions overall vary between 5.3%to 10.9% These relatively
smal | inmprovements in air quality are directly related to the snall

mar ket penetration for the roadway electrification scenarios. The
variation for a given pollutant and vehicle type across scenarios
is small and is due to the slight differences in the total VMI for
the two RPEV scenari os. Simlarly, the variation for a given
pol | utant and specific scenario across vehicle types is also small.
The variation in emssions across pollutants 'for a given vehicle
type was due to the strength of relationship between pollutant and
VMI. For exanple, Sox em ssions depended primarily on mles driven
yielding a percentage em ssions reduction relative to the baseline
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TABLE 7. 14
2025 ROADWAY ELECTRIFICATION
AN PEAR euisstons (in tons): ON & OFF werwork

ase Exclusive RPEV Non-Exclusive RPEV
Pol |l utant LDA LDT LDA LDT LDA LDT
ROG 30.18 10.12 28.58 (-5.30) 9.54 (-5.73) 28.53 (-5.47) 9.52 (-5.93)
co 160.99 57.67  151.01 (-6.20) 54.08 (-6.23) 150.74 (-6.37) 53.98 (-6.40)
Nox 26.78 12.06 24.68 (-7.84) 11.09 (-8.04) 24.71 (-7.73) 11.11 (-7.88)
sox 7.02  2.47 6.23(-11.25)  2.20 (-10.93) 6.22(-11.40) 2.20(-10.93)
PM 9.86 2.61 8.85(-10.24) 2.35 (-9.96) 8.87(-10.04) 2.35 (-9.96)

Not e: LDA = Light Duty Auto
LDT = Light Duty Truck

Numbers i n parentheses represent percentage changes relative to the baselinefor each
vehicle type respectively

TABLE 7.15
2025 ROADWAY ELECTRIFICATION

AN PEAK EM SSIONS (in tons): ON NETWORK

Basel i ne Excl usi ve RPEV Non- Excl usi ve RPEV
Pollutant LDA LDT LDA LDT LDA LDT
ROG 30.18 10.12 28.55 (-5.40) 9.52 (-5.93) 28.5 (-5.57) 9.5 (-6.13)
co 160.99 57.67 150. 97 (-6.22) 54.06 (-6.26) 150.7 (-6.39) 53.96 (-6.43)
Nox 26.78 12.06 24.63 (-8.03) 11.07 (-8.21) 24.66 (-7.92) 11.08 (-8.13)
SOX 7.02 2. 47 6.23(~11.25) 2.2 (-10.93) 6.22 (-11.40) 2.2 (-10.93)
PM 9.86 2.61 8.83 (~10.45) 2.34(-10.34) 8.85(-10.24) 2.34(-10.34)

Note: LDA = Light Duty Auto
Lot = Light Duty Truck

Nunmbers in parentheses represent percentage changes relative to the baseline for each
vehicle type respectively
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considerably greater than that for CO (across vehicle types,
scenarios, and extent of travel), where the nunber of daily trips
rather than mles driven is the determ ning factor,

The contribution of power plant em ssions to the total RPEV AM peak
em ssions were extrenely small. The worst case was represented by
Particulate Matter (PM in the total RPEV travel case, In which the
percentage contribution in this instance was 1.2% In general, the
percentage contribution of power plant emissions over nost
pol lutants, vehicle types, and RPEV travel |evel varied between
0.1% and 0.6% These results indicate that the trade off between
i ncreased nmarket penetration for RPEV‘s and an increase in the
associ ated power plant em ssions would favor RPEV’s because the
reduction in the remaining | CEV em ssions woul d be greater than the
increase in power plant em ssions.

Aut omat i on

DTIM al so provided total em ssions for both automation scenari os.
These results, were again given for the entire vehicle fleet
di saggregated by em ssion types. Al vehicles are assumed to be
ICEV's. The autonmated vehicles were represented in DTIM as
vehicles traveling 55 nph while on the automated network. The
met hodol ogy described earlier for the baseline case was used to
derive total em ssions for each automation scenari o di saggregated
by vehicle type. The results are presented in Table 7.16 for al
three scenarios, for each pollutant and vehicle type, and the
percentage change in em ssions for each automation scenario
relative to the baseline.

All results except for Nox indicate a reduction in the total
em ssions for each automation scenario relative to the baseline.
Percent age reductions overall vary between 1% and 7.5% There is
a slight increase in Nox em ssions of between 3.3%to 3.8% Both
the em ssion reductions for ROG CO Sox, and PM and the increase
foa_hFx is attributable to the increase in speeds for the automated
vehi cl es.

Wiile alnost all em ssion changes are favorable, these results
shoul d be viewed only as a static evaluation of em ssions inpacts
due to highway automation technol ogy. These results do not
indicate the long term consequences on em ssions of inplenenting
the technology. Over time, there could be an induced increase in
VMI wi thout-constraints on |and devel opnment or the underpricing of
i ndi vidual travel below its marginal social cost (Shladover, 1991).
H ghway automation would provide a trip-maker wth the option of
living further from his/her enploynment |ocation yet incur no
increase in travel time because of the increased effective speeds
attained on the autonated network. Associated with increased VMI
woul d be increased energy use and em ssions w thout the use of
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TABLE 7.16
2025 BIGHWAY AUTOVATI ON

AM PEAR EMISSIONS (in tons)

Basel i ne Base Net work Ramps ddit a mp F iliti
Pol |l utant LDA LDT LDA LDT LDA LDT
ROG 30.18 10.12 28.67 (-5.0) 9.47 (-6.4) 28.41 (-5.9) 9.36 (-7.5)
co 160.99 57.67 155.46 (-3.4) 55.71 (-3.4) 154.50 (-4.0) 55.36 (-4.0)
Nox 26.78 12.06 27.65 (+3.3) 12. 47 (+3.4) 27.77 (+3.7) 12.52 (+3.8)
SoX 7.02  2.47 6.92 (-1.4) 2.44 (-1.2) 6.88 (-2.0) 2.43 (-1.6)
PM 9.86 2.61 9.74 (-1.2) 2.58 (-1.2) 9.68 (-1.8) 2.56 (-1.9)

Note: LDA = Light Duty Auto
LDT = Light Duty Truck
Numbers i n parentheses represent percentage changes relative to the baseline for each
vehicle type respectively

al ternative propul sion systens or clean burning fuels. o
A technical 1ssue arose when both the transportation and emni ssion
model s were run for the automation scenarios that could increase

the em ssions reported in Table 7.16. Hi gher speeds for the
automated trips were enbedded in the nodel just prior to the tri
assi gnnment phase of the nodel. It has been determ ned tha

enbeddi ng the higher speeds at an earlier stage, the trip
distribution stage, would have been nore realistic because higher
speeds could have induced a VM increase. However, after
di scussing the issue with SCAG transportation nodeling staff, a
gualitative assessment was made and the potential increase in
em ssions was deened to be small.

New Em ssion Models

As previously stated, EMFACTE which was the nost current version of
CARB’s | npact em ssions rate nodel available to SCAG has been
repl aced by EMFAC7EP. In fact even newer versions of the EMFAC
model are soon to replace EMFAC7EP. Neverthel ess, EMFAC7EP W ||
reflect changes in both em ssion control technol ogies and policy
initiatives that would inpact the results obtained in this analysis
had that version been used. The primary changes will involve a
reduction in the amount of cold and hot start em ssions resulting
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fromthe use of electrically heated catalysts. The follow ng two
factors are required to evaluate the potential change in the
em ssion inpact of roadway electrification: (1) percentage
contribution of cold and hot start em ssions out of total em ssions
for each vehicle type and (2) percentage reduction of these two
pollution sources. Cold and hot start em ssions conprise between
40% and 50% of all ROG and all CO em ssions for both LDA’s and
LDT’s, and between 25% and 35% of all NOX emi ssions for both LDA’s
and LDT’s. The percentage reduction for these two pollution
sources is not known with certainty. A sensitivity analysis was
performed to account for this uncertainty in the percentage
reduction for cold and hot start em ssions and to assess the
potential changes in emssions inpact fromroadway electrification.
The difference between baseline em ssions and RPEV enmissions wl|
not necessarily remain constant as a result of the reductions in
cold and hot start em ssions.

A few exanples of the sensitivity analysis will at |east provide
sone information on the inpact of these changes. The first case
was for the exclusive scenario conpared to the baseline for LDA’S,
the pollutant ROG and both on- and off-network travel. A 45% cold
and hot start em ssion contribution to total ROG em ssions for
LDA’s i S assuned. The following, three percentage reductions for
cold and hot start em ssions were used in the sensitivity analysis:
25%, 50%, and 75% for both the baseline and exclusive scenari os.
The revised percentage changes relative to the baseline are -5.27%,
-5.24%, and -5.20%, respectively. The percentage change shown in
Table 7.14 is -5.30% The second case exam ned Nox em ssions for
LDT’s for the exclusive scenario conpared to the baseline, for both

on- and off-network travel. A 30% cold and hot start em ssion
contribution to total Nox enissions for LDT’s is used. The same
t hree percentage reductions were used as before. The origina

percent age change depicted in Table 7.14 is -8.04% The revised
percentage changes relative to the baseline are -7.99%, -7.95%, and
-7.91%, respectively. The results of these two cases indicates the
extent of the change in inpact level. It must be noted, however
that as the market penetration of RPEV’/s grows, such that the tota
RPEV em ssi ons becone increasingly due to the power plants, the
benefit of roadway electrification, as neasured by the percentage
change relative to the baseline, will decrease. It is recomended
that a nore thoroughly systematic analysis of this inmportant issue
be perforned.

7.3 UTI LI TY DEMAND

This section analyzes both roadway electrification scenarios with
respect to the anmount of additional demand for electricity each
scenario wll place on the utilities which provide electricity to
t he SCAG region. The two electricity service providers are
Southern California Edison (SCE) and the Los Angel es Department of
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VWater and Power (LADMP%. A conplete discussion of the utility
baseline forecast for the SCAG region in the year 2025 is provided
in the Phase | Report.

Since the only difference between the RPEV exclusive and non-
excl usive scenarios is whether or not non-RPEV’s are permtted to
travel on the electrified |anes, and the volunme of electrified
trips is constant across scenarios, any additional demand for
electricity usage resulting fromroadway electrification is the
same for each scenario.

All nodeling efforts were originally performed for the AM peak
period. This was done because peak travel periods provide a nore
realistic picture of demands placed on the network, and the AM peak
period is considered nore stable than the PM peak period because
the former consists of primarily home to work trips, whereas the PM
peak period includes not only work to hone trips, but several other
types of "other-to-home" trips. However, in assessing the
addi ti onal demands placed on the utilities arising from RPEV
travel, daily and PM peak electricity demands were required and
were estinmated.

Methodolody for Estimation of RPEV—Frectricity Demand

For each of three time periods (AM peak, PM peak, daily) and extent
of RPEV usage (on- and off-network or on-network only) the
met hodol ogy 1's the sane. Because vehicle energy consunption
ékwh/mile)ls used in the derivation for total energy demand and
iffers by vehicle type, conputations are made for LDA’s and LDT’s
separately then aggregated together

Total energy usage is generally expressed as:
Vehi cl e energy consunption (kwh/mile) * Total VMI for RPEV’s

A kilowatt-hour consuned by a vehicle on the road, whether fromthe
electrified roadway or the onboard battery requires nore than one
kil owatt-hour of enezﬁy produced at the power plant. There are
several sources of distribution |osses as the electricity is
transmtted fromthe power plant to the vehicle. These | o0sses
consist of distribution |osses between the power plant and either
the wall outlet orthe roadway inductor, battery and battery
charger losses for off-network travel, and inductive coupling
system | osses for on-network travel. There are also additiona
m nor energy |l osses in the battery as a result of overcharging, and
in the notor controller and motor. Al distribution, vehrcle, and
roadway energy |losses are included in the calculation of vehicle
energy consunption.

For the case in which both roadway and battery power (on- and off-
network travel) is ‘considered, a weighted average of the two
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vehi cl e energy consunptions is derived. The weights are the
proportions of RPEV VMI foron- and off-network travel
resEectiyer_in the AM peak period. The total RPEV VMI in the AM
peak period is 6,248,000, with 2,903,749 VMI and 3,344,251 VMl the
on- and off-network VMI, respectively. Therefore, the weights are
0.4647 and 0.5353, respectively. These weights are used for both
LDA's and LDT's. For LDA's the on-and of f-network vehicle energy
consunptions are 0.26 kwh/mile and 0. 264 kwh/mile, respectively.
The wel ghted average is 0.2621 kwh/mile. For LDT’s, the on- and
of f-network vehicle energy consunptions are 0.54 kwh/mile and 0.55
kwh/mile, respectively. The weighted average is 0.5454 kwh/mile.
For the case in which only roadway power is considered, the
original, unwei ghted consunption estimates are used in the
comput ation, namely, 0.26 kwh/mile and 0.54 kwh/mile for LDA's and
LDT's, respectively.

The ot her conponent in the fornula for calculating total ener
usage is the VMI per tine period and per vehicle type. Total RP
VMI' for the AM peak period is an output fromthe RPEV network
nmodel i ng effort. Total RPEV VMI for the PM peak and daily tine
periods were derived from the AM peak figure. For these
derivations it was assumed that the proportion of on-freeway VMI
for AM peak to PM peak, and AM peak to daily is preserved for on-
RPEV network travel, and that the percentage split of AM peak RPEV
travel between on-network and off-network is preserved for the
other time periods. Alternative nmeans also were used to factor the
AM peak RPEV network VMI to PM peak and daily estimates, generally
resulting in RPEV network VMI figures |ess than previously derived.
For exanple, instead of considering on-freeway VMI, both on- and
off-freeway VMI' may be considered and that this ratio for the AM
peak to PM peak and AM peak to daily is preserved for on- and off-
RPEV network travel. Using the latter assunption yields a smaller
VM. The inpact of additional demand for electricity from RPEV
travel on the utilities resulting fromthis change in assunptions

however, is small. Neverthel ess, the method chosen here for
factoring total RPEV network VMI to PM peak_and daily, provides a
worst case scenario for the utilities. This is inportant for

pl anni ng purposes. Further discussion of this appears in a |later
part of this section. The total daily RPEV VMI on- and off-the
network is 63,970,242. The total on-network VMI is 29,730,074.
Since the analysis is performed for LDA's and LDT's separately at

first, total VMI for a particular tine period nust be split between
LDA's and LDT' s. LDA's and LDT's drive approximtely the sane
average distance per vehicle (Caltrans 1987), and thus it is
assuned that for each tine period total VMI is distributed
uniformly across each vehicle by type. For exanple, total RPEV
(on- and off-network) VMI is 6,248,000 for the AM peak peri od.

This total is split between LDA's and LDTs consistent with the
proportion of these two vehicle types in the region, nanely, 74.1%
and 19.6%, respectively.
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Total energy usage for LDA’s and LDT’s i s aggregated and converted
to megawatt-hours (mwh’s). Total electricity usage for either RPEV
scenario is depicted in Table 7.17 bel ow. Electricity usage for
roadway power during a given tinme period refers to on-network
travel . Overnight recharging used in a particular tinme period is
referred to as off-network travel.

TABLE 7.17
2025 ROADWAY ELECTRIFICATION

ELECTRI CI TY DEMAND (mwh)

RPEV USAGE

ROADWAY POWER OVERNI GET CHARG NG TOTAL

AM PEAK 866 1,015 1,881
PM PEAK 2,595 3,038 5,633
DAI LY 8,879 10, 385 19, 264

The baseline electricity capacity forecast for 2025 is 56,584
megawatts (MAN for the SCAG region served by SCE and LADWP

Previous analysis of California electricity demand patterns by time
of day for the state's three largest electricity service providers
(SCE, LADWP, and pG&E) has di scovered information of value in this
analysis. During the peak days of electricity consunPtion_in 1985,

occurring during the summer nonths, peak hours of electricity use
fell between 9 AMand 6 PM  Mreover, hourly electricity demand
patterns during peak days were found to be representative of
consunption patterns on other weekdays. During the wnter, peak
hours on weekdays are generally between 9 AM and 8 PM Peak demand
is lower during the winter than during the summer. Thus using the
time of day electricity demand profile representative of peak days
in the SCAG region provides a worst case day for analysis and
pl anni ng pur poses.

In addition to electricity demand profiles by tine of day, travel
distribution patterns are also required to develop an”accurate
picture of the inpact of roadway electrification on eleptr|C|tK
service providers. | f peak traffic patterns overlap with pea
non-transportation electricity demand, then electricity service
providers could be required to increase their generatin caPaciI

to deal with the extra load from RPEV’s. Hourly traffi

di stribution patterns do differ by facility type, such as freewa
driving or arterials. However, based on results from Wang et a
(1987) , hourly traffic distribution patterns remain quite stable
across geograﬁhical | ocation, socioeconomc factors, and |and use
patterns of the area. In general, there are two daily peak traffic
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Beriods on freeways. For the SCAG region the AM peak occurs
etween 6 AMand 8 AM and the afternoon peak occurs between 3:30
PMand 6:30 PM  Thus there is a daily overlap in peaks in the late
afternoon and seasonal overlaps in peaks during thesummer months.
Results from Wang et al (1987) were adjusted to nore accuratelr
reflect the time of day traffic distribution for on-freeway trave

in the SCAG region.

Vﬁn?_et_al (1987) provides the tinme of day electricity demand
profile in the SCE service area for an average summer weekday in
1985.  The peak hour of that day uses 11,410 mw Of electricity.

The 2025 baseline utility demand is 56,584 MN  This figure has a
reserve enbedded in it of approximtely 15%, yielding 48,166 MV as
t he actual 2025 baseline electricity demand. Using the only data
available, it is assuned that the electricity demand distribution
remains the sane for our analysis and each hourly electricity
demand is factored up by 4.22 (48,166/11,410) to yield the
equi valent electricity demand profile for our scenarto.  Even
t hough the profile is for the SCE service area, and our analysis is
for both SCE and LADWP, over 77% of demand will originate in the
SCE service area. Thus the SCE profile is fairly representative of
the profile for the two service areas together. he electricity
demand profile is given in Table 7.18.

The hourly distribution of traffic on Los Angel es freeways were
first converted into percentages of traffic volume and then into
hourly electricity usage estinmates, assuming that hourly energy
demand for transportation is proportionalto hourly traffic vol une.

These estimates are depicted in Table 7.19 bel ow for on-RPEV
network traffic. The total daily on~RPEV network electricity
demand is 8,879 mwh (Table 7.18). The hourly percentage is
expressed in terms of negawatts.

The remaining issue is the distribution of electricity demand used
forbattery recharging. It is assumed that batteries are recharged
only overnight, all vehicles are fully charged in the norning, and
al | roadway power goes into driving the vehicle. \Wile the first
and | ast assunptions are rather strong and optimstic, working with
themallows for a determination of tine of day inpact analysis of
roadway electrification onthe utilities. A lowng for pPportun|ty
charging during the day, and battery recharging while on the
electrified roadway and the ramfications of these assunptions is
beyond the scope of the project.

The total daily off-network (battery-driven) VMI for the RPEV’s is
34,240,168. The energy consunption for LDA’s and LDT’s driving off
the electrified network are 0.264 kwh/mile and 0.55 kwh/mile
respectively. The wei ghted average for energy consunption is
derived from the percentage of each vehicle type in the RPEV fleet.
This yields 0.3034 kwh/mile. Miltiplying the energy consunption
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TABLE 7.18
2025 BASELINE HOURLY ELECTRICITY DEMAND

SCE AND LADWP SERVICE AREAS

(mw)

Time of Day SCE and LADWP Service Areas
1 AM 26,447
2 AM 25,687
3 AM 25,383
4 AM 25,860
S AM 27,801
6 AM 31,713
7 AM 36,241
8 AM 39,685
9 AM 42,318

10 AM 44,432
11 AM 45,407
12 NOON 46,319
1 PM 47,581
2 PM 48,150
3 PM 47,922
4 PM 46,897
5 PM 44,994
6 PM 43,061
7 PM 42,314
8 PM 42,035
9 PM 38,799
10 PM 30,840
11 PM 29,572
12 MIDNIGHT 28,304

(kwh per mile) by the total daily VMT derived from battery-usage
yields the total amount of energy used throughout the day for
battery usage. The total number of kilowatt-hours of energy used
on a daily basis for battery-driven purposes is 10,388,467. This
translates into approximately 10,388 mwh. This estimate is the
difference between total network electricity demand (19,264 mwh)
and on-network demand (8,879 mwh) found in Table 7.17. The slight
discrepancy is due to rounding error.

While obviously individual household variations will exist, it is
assumed for the purposes of the analysis that all overnight
recharging occurs uniformly between the hours of 10 PM and 6 AM,
and all households were assigned the same average recharge over an
8 hour period. Thus, on average, there will be an extra load of

approximately 1298 mw of electricity demand per hour between 10 PM
and 6 AM. These estimates are depicted in Table 7.19.
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TABLE 7.19
2025 ROADVWAY ELECTRIFICATION
ELECTRI CI TY DEMAND HOURLY DI STRI BUTI ON

Electricity Demand (mw)

Tine of Day Traffic Volune $% - Network O f- Net work
1 AM 1.3323 118 1298
2 AM 0. 8160 72 1298
3 aM 0.5213 46 1298
4 AM 0.5053 45 1298
5 AM 1.6299 145 1298
6 AM 4.4025 391 0
7 AM 5.3645 476 0
8 AM 5.5403 492 0
9 AM 4.8512 431 0
10 aM 4.4136 392 0
11 aM 4.3886 390 0
12 NOON 4.3851 389 o]

1 PM 4.4243 393 o}
2 PM 4.9739 442 0
3 PM 8.0454 714 0
4 PM 10.3122 916 0
5 PM 9.6650 858 0
6 PM 7.3628 654 0
7 PM 4.1384 367 o]
8 PM 3.2373 287 0]
9 PM 2.7906 248 0
10 PM 2.6639 237 1298
11 PM 2.3409 208 1298
12 MIDNIGHT 1.8946 168 1298

Note: Electricity demand is rounded to the nearest megawatt.

Total electricity demand in the SCAG region by time of day is
the sum of electricity demand for the base load (Table 7.18)
and RPEV-related travel (Table 7.19). A comparison of the
time of day electricity demand profile for the baseline with
the RPEV scenario is depicted in Table 7.20 and Figure 24
below.

The RPEV scenario time of day electricity demand profile is still
dominated by the baseline distribution even though the electricity
demand from roadway electrification follows a substantially
different distributional pattern. This occurs because the actual
amount of electricity used is relatively small for the RPEV
scenario compared with the baseline. However, the peak hour demand
shifts from 2-3 PM to 3-4 PM. The additional amount represents an
increase of 1.0 percent over the baseline peak.
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TABLE 7.20
ELECTRICITY DEMAND COMPARISON

BASELINE v. RPEV SCENARIO

(mw)

Time of Day Baseline
1 AM 26, 447
2AM 25,687
3AM 25,383
4 AM 25,860
5 AM 27,801
6 AM 31,713
7 AM 36, 241
8 AM 39,685
9 AM 42,318

10 AM 44, 432
11 AM 45, 407
12 NOON 46, 319
1 PM 47,581
2 PM 48,150
3 PM 47,922
4 PM 46,897
5 PM 44,994
6 PM 43,061
7 PM 42,314
8 PM 42,035
9 PM 38,799
10 PM 30,840
11 PM 29,572
12 MIDNIGHT 28,304

RPEV Scenario

27,863
27, 057
26, 727
27,203
29, 244
32,104
36, 717
40, 177
42,749
44,824
45,797
46,708
47,974
48,592
48,636
47,813
45,852
43,715
42,681
42,322
39, 047
32,375
31,078
29, 770
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While this is not entirely negligible, it must be viewed relative
to the increase in capacity that the utilities must undergo between
the present and the baseline for 2025, an increase of about 93% in
capacity. Clearly then with a larger market penetration of RPEV’s
the additional demand for electricity will also increase
accordingly.

With a larger market penetration of RPEV’s the additional demand
for electricity will also increase. The estimate for total daily
RPEV VMT in both roadway electrification scenarios is 63,970,242,
representing 15.4% of total daily regional VMT. Table 7.21 below
presents the results of a sensitivity analysis indicating
percentage increases in peak hour electricity demand resulting from
increases in the daily market penetration of RPEVs.

TABLE /.21

| MPACT OF MARKET pENETRATION ON ELECTRICI TY DEMAND

DAILY REG ONAL RPEV VMT PERCENTACE | NCREASE | N

PERCENTAGE PEAR HOUR ELECTRI CI TY DEMAND
15.4 1.0
20.0 1.5
30.0 2.4
40.0 3.4
50.0 4.3
60.0 5.3

While the potential of a 5% increase in peak hour demand would be
possible and of concern, it corresponds to a regional RPEV VMT of
approximately 55%. Based on the analysis performed in the
development of the RPEV scenarios, a more 1likely and still
conservative upper limit on market penetration would be about 40%.
This corresponds to a 3.4% increase in peak hour electricity
demand, again not negligible, yet a more modest increase.

7.4 O her Environnental |ssues

In addition to the emissions and fossil fuel usage considerations
previously discussed in Sections 7.1 - 7.3, three other
environmental issues must be addressed with respect to the
implementation of the roadway electrification technology. These
issues pertain to: (a) the introduction of electromagnetic fields
(EMF) in close proximity to the electrified lane centerline, (b)
the potential hazardous waste associated with disposal of RPEV (as
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well as EV) batteries, and (c) the acoustic noise levels in
vehicles traveling on the powered roadway.

NnPEV _aElectromaanetic Fields

RPEV operation entails the transfer of energy via an inductive
coupling system (ICS) between the powered roadway and the vehicle.
The ICS transfers power through a magnetic field. The magnetic
field strength varies depending on roadway current and distance
from the roadway centerline. Since EMF field strength is measured
as the density of magnetic flux, attention to this issue was
warranted in order to ascertain this environmental impact of the
powered roadway.

Concerns that have arisen within the scientific community regarding
possible health impairments due to exposure toEMF have been
heightened as the number of studies correlating cancer in humans
and EMF exposure have increased. (See OTA, 1989; EPA, 1990). In
the most comprehensive effort to study this issue to date, the
results indicated that

“. ..there is now a very large volume of scientific finding
based on experiments at the cellular level and from studies
with animals and people which clearly establish that low
frequency magnetic fields can interact with, and produce
changes in biological systems. While most of this work is of

very high quality, the results are complex. Current
scientific understanding does not yet allow us to interpret
the evidence in a single coherent framework. Even more

frustrating, it does not yet allow us to draw definite
conclusions about questions of possible risk or to offer clear
science-based advice on strategies to minimize or avoid
potential risks. Of the effects discussed, the central
nervous system effects including circadian effects in animals
and the possibility of cancer promotion appear most worthy of
concern with respect to public health effects." (OTA, 1989,
p. 67).

To adequately address these concerns, EMF measurements were studied
from both static and dynamic testing of the PATH roadway powered
bus and conventional vehicle experiments on the powered roadway.
Test statistics were predicted via computer simulation as well as
measured at the Richmond Field Station test track, and produced
similar results. The results from the PATH bus and conventional
vehicle powered roadway tests yere compiled for an “attenuated", or
vehicle shielded case and an "unattenuated", or outside the
vehicle, case.
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The test results from the PATH bus and conventional vehicle powered
roadway experiments indicated that in an ‘“unattenuated", or
unshielded, situation, the magnetic flux density (the measure of
EMF strength) is 300 milligauss (Mg), and 1.5 to 3.0 Mg for an
"attenuated", or shielded position for a 240 amp roadway. (See
Figure 25). These measurements were taken at 40 inches above the
roadway to approximate the EMF exposure for the driver’s position
in a conventional vehicle. Similar "attenuated" test results
indicated lower EMF exposure for the roadway powered bus. This
finding was expected since the magnetic field follows the path of
least resistance. Thus, in an RPEV the magnetic field passes
through the pick-up unit while in a conventional vehicle, it goes
through the steel chassis.

For an "unattenuated"” situation at varying heights from the
roadway, Figure 26 shows that the magnetic flux declines with
distance from the powered roadway lane centerline. The results in
this figure are not directly comparable with Figure 25 since the
roadway current is approximately five times that used in the
previous diagram. The pattern of magnetic flux decrease with
distance from the power source found for the powered roadway is,
however, consistent with studies of many other power-related
appliances and delivery apparatus.

To put these powered roadway EMF readings in perspective, the
interim limits for EMF exposure as recommended by the International
Radiation Protection Association (IRPA), and International Non-
Ionizing Radiation Committee (INIRC) are presented in Table 7.22,
Comparing the aforestated powered roadway EMF exposure levels with
the IRPA/INIRC standards is difficult since these standards were
set for 50/60 Hz field strengths while powered roadway field
strengths are significantly higher. For example, 8,500 Hz is the
frequency field strength planned for the Playa Vista powered
roadway demonstration. Nevertheless, roadway EMF exposure is
substantially below the ceiling limits set by IRPA/INIRC. Powered
roadway EMF exposure is also lower than the earth’s geomagnetic
field of 500 Mg. Figure 27 ranks several electrical appliances and
power delivery by field strength and degree of EMF exposure (in Mg)
including shielded and unshielded powered roadway cases. Finally,
Table 7.23 provides distances with respect to numerous household
appliances.

At this time, evidence regarding EMF exposure with respect to the
powered roadway suggests that there is 1little need for
environmental concern. Certainly in-vehicleEMF exposure is slight
regardless of duration and vehicle type, i.e. conventional vehicle,
RPEV. Out-of-vehicle exposure also appears to be very low although
length of exposure to EMF should be considered as well as field

strength. Figure 27 may provide the best approximation to the
degree of risk that may be experienced in the shielded and
unshielded roadway powered cases. Figure 27 suggests that a person
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TABLE 7. 22 | RPA/ | Nl RC RECOMVENDED 50/60 Hz
EMF Exposure Limits

Exposure Characteristics Electric Field Strength Magnetic Flux
(kv/m) — (mg)
Occupational;
Whole Working Day 10 5,000 + 5G
Short Term 30 50,000" g 50G
For Limbs 250,000 * 250G

General Public:

Up to 24 hrs/day 5
Few hr/day 10
aote: = Short-term occupational exposure to electrical field

strengths between 10 and 30 kv/m is permitted,
provided that the electric field strength (kv/m) does
not exceed 80 for the whole working day.

1,000 + 16
10,000 * 106G

b = Maximum exposure duration is 2 hours per work day.
c = Thesde values can be exceeded for a few minutes per day

provided precautions are taken to prevent indirect

effects.
Sour ce: Interim guidelines are approved by the International

Radiation Protection Association (IRPA)}, developed by

the International Non-Ionizing Radiation Committee

(INITC), and reported in the Health and Safety Report.,

vol. 7, No. 6, July 31, 1989.

TABLE 7.23 EXAMPLES OF 60 Bz MAGNETIC FLUX DENSITIES

Near Various Appliances (mG)
Digtance
Appliance 3 cmor ~ 1 in. 30 cmor ~ 1 ft. l1mor ~ 1 vyd
Can Openers 10,000 - 20,000 35 - 300 0.7 - 10
Hai r Dryers 60 - 20,000 0.1 - 70 <0.1 - 3
Electric Shavers 150 - 15,000 0.8 - 90 <0.1 - 3
Drills 4,000 - 8,000 20 - 35 0.8 - 2
Mixers 600 - 7,000 6 - 100 0.2 - 2.5
Portable Heaters 100 - 1,800 1.5 - 50 0.1 - 2.5
Blenders 250 - 1,300 6 - 20 0.3 - 1.2
Television 25 - 500 0.4 - 20 0.1 - 1.5
Irons 80 - 300 1.2 - 3 0.1 - 0.25%5
Coffee Makers 18 - 250 0.8 - 1.5 <0.1
Refrigerators 5 - 17 0.1 -~ 2.5 <0.1
Source : WHO, 1987
7-34

JOUTRERN CALISOBMIR D
AIFOCIHANION OF SOVERAMENT,

816 W. Seventh Street,12th Floor ¢ Los Angeles, CA 90017-34350 (213) 236-1800 ¢ FAX (213) 236-1825



FIGURE 8 EMF EXPOSURE RANKED BY FIELD STRENGTH
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would literally have to sleep on the powered roadway to receive EMF
exposure simlar to that of an electric blanket.

Thus, it seens reasonable to continue to investigate applications
of the roadway powered technol ogy while providing ongoing research
support for potential EMF risk with respect to alternative

technol ogy designs, i.e. higher frequencies, disparate field
strengths, nodified standards for different frequencies and field
strengths, in order to remain within the margins of safety for

users Oof the advanced technol ogy system

RPEV_and Battery Disposal

Currently disposal of lead acid batteries constitutes approxinatelx
50 - 60% of non-industrial and mlitary hazardous waste. Althoug

current federal and California laws stipulate that all lead acid
batteries be recycled, only 80 - 85% of all batteries are recycled
nationally as well as in California. It is the lead, sulfuric acid
and pol ypropal ene plastic associated with current illegal battery

di sposal that generate the environnmental threat with respect to
growi ng vehicle battery usage.

Whet her | ead acid, sodium sulfur, nickel cadmum or other

batteries are utilized in RPEVs (as well as Evs), increased
unrecycled battery disposal is likely to becone an even nore
damagi ng inpact to the environment than it is at present. The

concern for water quality that would be jeopardized by the
i ncreased |ikelihood of battery leachate in groundwater supplies
warrants  serious attention  for "cradle-to-grave" battery
managenment. Sinmilarly, incineration of |ead waste products raises
guestlons regarding air quality deterioration and associated health
amages. us, directing public policy to reinforce behavior
t owar ds particiPation in currently established recycling efforts is
necessary to offset the potential for increased hazardous waste
fromillegal disposal as the market for RPEV/Evs expands. The
current efforts concerning |ead acid batteries include:

(a) the Resource Conservation and Recovery Act's (RCRA)
identification of used batteries as hazardous waste and
regul ati ons supporting battery management at each |ink
in the battery recycling chain,

(b) the Conprehensive Environnental Response Conpensation and
Liability Act's (CERCLA, or Superfund) liability
provisions to  support "cradl e-to-grave" battery
managenent and creation of a fund to support cleanup

(c) the Toxic Characteristics Leaching Procedure (TCLP) which
tests the slag produced in the process of snelting
recycled batteries nore rigorously than the previous
toxicity test,
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(d) the collection of hazardous waste taxes at all l|evels of
gover nment ,

(e) OsHA’s standard for occupational exposure to |ead,

(f) EPA's creation of a National Ambient Air Quality Standard
for lead, and

(g) the California Admnistrative Health and Safety Code
regulations for spent lead acid batteries.

Further work to augnent the above actions should be undertaken to

strengthen the lead acid battery recycling chain. For exanpl e,
Federal support of smelter subsidies and mandated usage of recycled
| ead are possible conplenents to existing policies. Enacti ng

additional legislationthatrequires retailers to assist in battery
coll ection, custoners to recycle batteries, and manufacturers to be
nmor e %onlved with the recycling chain should additionally be
pur sued.

In a report conpleted for Southern California Edison by Theodore
Barry and Associ ates, several conclusions were determ ned
concerning potential problens posed associated with recycling and
di sposal of batteries. First, battery recycling is not difficult -
~ sinple dismantling procedures are utilized todiy, a strong | ead
recycling chain is currently in existence and can be easily
suppl emented with additional capacity when it becones necessary to
do so, and the additional discarded batteries corresponding to the
L.A Initiative, approximately 5,000, wll not be noticeable
relative to the existing battery recycling capacity in Los Angel es.
The report did, however, point out that since the lead acid battery
chain is relatively sensitive to the price of lead, and
environmental regulation's effects on standards, liability for
cl eanup costs, and incentives for turning in batteries, these
l'i nkages must be closely regul ated.

RPEV_and Acoustic Noi se

Since interior sound |evels are an aesthetic consideration to the
driver of a vehicle, attention was given to analyze the acoustic
noi se of conventional vehicles and RPEvVs under driving conditions
on the R chrmond Field Station test track. In tests of the PATH
roadway powered bus, the interior noise |evel was found to be 40 -
45 deci bels. Conventional vehicles of different nmakes and sizes
were al so exam ned for acoustic noise under test track driving
conditions. For the conventional vehicles 40 - 70 deci bel readings
were experienced with the roadway powered at 400 Hz and 1200 anps.

To put this in perspective, a library has an acoustic noise |evel

of approximately 35 decibels, an office - 65 decibels, a heavy
truck -~ 90 decibels, a jack hanmer - 105 decibels, and a jet plane
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- 125 decibels. Experts consider noise |levels of 135 decibels to
be painful to the ear

The neasurenents for conventional vehicles were considered high
enough to warrant further testin%_of different roadway currents and
hi gher frequencies. The use of higher frequencies in the inductive
coupling design would lower interior noise |evels since humans are
| ess sensitive to higher frequencies and the roadway current can be
reduced at the higher frequencies, thereby reducing the density of
the magnetic flux that induces the noise in ferrous material in the
first place. Ongoing results of these new tests have been
encouraging thus far.
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8.0 ROADWAY ELECTRI FI CATI ON ECONOM C ASSESSMENT

The econom ¢ anal ysis contained in Sections 8.1 - 8.3 was derived
for devel opnent and usage of the 2025 RPEV scenari o network shown
previously as Figure 13. The RPEV system infrastructure is
conposed of 1,035 freeway |ane-mles equipped with inductors
i tbedded in the roadway, as well as the power conditioners and
lines that transmt electricity fromthe existing distribution grid
to the roadway. It was assumed that 173,410 electric vehicles (or
3.28% of the AM peak vehicle popul ation) would use the inductive
coupling system during the AM peak. These vehicl es generated
6,248,000 VMI of which 2,903,749 VMI, or 46.5%, was associated with
travel on the powered roadway. The on-roadway AM peak VMI was
utilized to estimate the number of RPEVs draw ng power fromthe
r oadway s¥ften1each day. Approximately, 28,6737 RPEVs per |ane per
day was the system usage determined fromthe previous analysis of
AM peak vehicle trips and their corresponding VM. (See Phase |
Report, Section 5.1, pp. 5-8 to 5-14).

Two categories of costs pertain to the RPEV system construction
and operating expenses of the electrified roadway, or i nfra-
structure, and life cycle costs to users of the facility. The cost
assessnment met hodol ogy |inks these expenditures by determ ning user
charges that would be necessary for the RPEV systemto break even
in a SEecified year. That is, the per kilowatt-hour, or per nile,
rate that equates cumul ative revenue and cunul ative costs for the
power ed roadway systemis included in the Iife cycle user cost
determ nation. Section 8.1 provides a detailed description of the
nmet hodol ogi es pertaining to the cost nobdels enployed in the
regi onal and user cost cal cul ati ons. Supportive cost analysis
utilized to crosscheck the infrastructure costs, and life cycle
expenses associated with owning and operating a gasoline vehicle
are also summarized. In Section 8.2, the description of baseline
i nput paraneters for the user and infrastructure cost nodels are
presented as well as an interpretation of tabulated output of these
procedures. Gasoline vehicle costs and alternative infrastructure
cost estimates are furnished for conparative purposes.

Section 8.3 reviews sensitivity analyses that were performed for
the RPEV system costs. Both infrastructure and RPEV persona
vehicle costs were examined with respect to different assunptions
concerning roadway construction cost, wholesale energy cost,
operating and admnistrative expenditures, interest rates, energy
consunption (kwh/mle), system efficiency, and average vehicle-
mles per day on the powered roadway system Qualitative aspects
of the effects of highway electrification on the regional econo
follow this evaluation in Section 8.4. In Section 8.5, severa
policy options pertaining to inplenentation of the 2025 RPEV system
are described with quantitative enbellishments for infrastructure
and personal vehicle costs where possible.
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8.1  DESCRI PTI ON or COST MODEL METHODOLOGQ ES

In this section, the analytical approaches are explained for the
conput ati on of personal vehicle costs and infrastructure costs
associated with the 2025 RPEV system |t Is inportant to recognize
that these cost calculations are prelimnary estimtes for the RPEV
technology, in the prototype stage of devel opnent. Econom es of
scal e associated with large-scale production, as in the case of
gasoline vehicles, are presently unknown and depend on the speed of
i ntroduction and market penetration of RPEVs. In the Nesbitt,

sperling, Deluchi ®“RpEV and |nternal Conbustion Engine Vehicle
(zcev) Life Cycle Cost Mdel“ (as well as our subsequent usage of
this nmodel), RPEVs and ICEVs are postulated to benefit equally from
mass production, servicing facility and parts availability, sim]|ar
interior capacities and vehicle sizes, and identical depreciation
rates. The RPEV is further assunmed to be equipped with an AC power
train, regenerative braking, and, sodiumsulfur batteries.

RPEV Life cycle Cost Methodol oav

The net hodol ogi es described in this section provide the basis for
the baseline cost assessment and subsequent sensitivity analysis.

RPEV |ife cycle cost fornulations utilized the Nesbhitt, Sperling,

Del uchi (NSD) Moddel with nodifications reflecting the specific
configuration and input paraneters recomended by the project team
corresponding to the design of the 2025 RPEV scenario. e NSD
nodel conputes di saggregated costs for the RPEV with reference to
a baseline sub-conpact gasoline vehicle. (Mbdel i ng assunptions
pertaining to the I CE vehicle are summarized in the next section.)

These costs include ownership conponents which were anortized over
their respective lives and operation and mai ntenance expenses.

RPEV initial vehicle costs were divided into vehicle, pickup
inductor, on-board controller (OBC), and battery categories.

Researchers famliar with the RPEV technol ogy and construction and
testing of the PATH roadway powered bus provided estimates for the
initial RPEV cost conponents. The cost of the RPEV, including tax
and onboard charger, but excluding pick-UD inductor, OBC and
batteries, was assunmed to be the same as a gasoline vehicle of
equi val ent size. The cost of the RPEV battery was determned as a
function of battery size, efficiency, |ongevity, energy deqfity,
specific power, depth of discharge, "and sal vage val ue. ~ Lead acid
batteries with a battery range of 40 mles off the powered roadway
were evaluated for consistency wth the design of the RPEV system

The |ife of an RPEV was estinmated to be 37.5% | onger than a
conpar abl e gasoline vehicle in the anortized life cycle cost
fornul ations.

perating costs for an RPEV were specified as 60% of those

associ ated wi th gasoline vehicles since electric nn}ors require
fewer noving parts and |ess maintenance due to |ower stress

resulting from the absence of extrene heat, pressure, and
synchroni zed novenent corresponding to an internal conbustion
8-2
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engine. Tire replacenent cost, however, was expected to increase
relative to the extra weight of an RPEV conpared to a conparable
as vehicle. | nsurance costs for the RPEV were estimated on the
asis of the conplete initial cost of the RPEV, that is,_ purchase
price including OBC, pickup inductor, and batteries. G ven that
the conplete i1nitial RPEV costs are larger than those for an
equi val ent gasoline vehicle, 1nsurance expenses were adLusted to
refl ect the higher conplete RPEV cost relative to that of a
conparabl e | CE vehicle.

The NSD nodel determ nes fuel cost in dollars per gallon associated
with operating an RPEV as a function of vehicle fuel econony,
electricity cost, fuel tax, usage, the extent of use on the powered
roadway system and the proportion of use during peak electricity-
generating periods. The efficiency of an RPEV is calculated as the
product of battery charger efficiency, battery efficiency,
I nductive coupling system (ICS) efficiency, power train efficiency,
and vehicle weight. Cuidance in specifying these parameters drew
on the work of NSD and research conducted at Systens Contro
Technol ogy (SCT). Electricity cost neasured in cents per kilowatt
hour was assunmed to be the wholesale rate of 7 cents/kwh for peak
and of f-peak use in the baseline cost estimates in Section 8.2
This assunption was necessary to assure conpatibility between the
life cycle cost and infrastructure cost nmodels in the baseline cost
assessnent . (The infrastructure cost nodel did not devel op peak
and of f-peak electricity rate analysis sinultaneously. | nst ead,
separate sensitivity analysis was conducted for da variety of
utility rates.) Designation of different electricity rates for
peak and of f-peak periods is examned in the sensitivity analysis
given in Section 8.3.

The NSD nodel was nodified to reflect the percentage of RPEV
m | eage driven on the powered roadway from our nodeling results.

It was previously stated that 46.5% of the VMI driven by the RPEVs
in(}he AM peak I n the 2025 RPEV system occurred on the powered
roadway.

The life ~cycle cost nmodel developed by NSD additionally
incorporates those costs associated with the electric roadway.

That Is, RPEV users are assuned to bear the full cost of the
electrified facility, such as roadway installation and maintenance,

exPenses. The baseline construction cost was stipulated as $2.5
million per lane-mle with yearly maintenance costs given as 2.5%
of the construction cost. he sunmation of these cost itens plus
the on network electricity charging expenses offered a rough
approximation to total system cost, Since energy and debt service
sﬁould account for approximtely 90% of total system costs. These
infrastructure costs were allocated across the nunber of daily RPEV
users per lane-nile, or 28,787, 1IN the anortization process. e
life of the powered roadway was assumed to be 25 years.
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The NSD nodel thus inmmerses costs associated wth roadway
infrastructure and power usage into the calculation of costs to the
users of the electrified transportation system The nodel does not
include a specific RPEV network size in terns of |ane-mles nor
does it contain a mechanismto allocate deficit expenses that would
accrue during the early years of roadway construction and grow ng
demand for the system If inplementation of such a system occurred
in practice, it is likely that the powered roadway woul d be built
in stages with usage increasing over tine. Therefore, the NSD
nmodel was used to provide an estimate for a one-mile portion of a
fully built RPEV systemw th a vehicle population of 28, 737 RPEVs
per [ane mle per day. Further adjustnents to the RPEV life cycle
cost nodel estinmates were conputed dramﬁn? on the infrastructure
cost nodel anal yses devel oped by SCT utilizing input paraneters
specified by SCAG for the 2025 RPEV scenari o.

Gasolire Venicle Lif S, thodology
The NSD "Gasoline Vehicle Baseline Cost Model™ was utilized as a
reference case for the RPEV |ife cycle cost estinmation. The

gasoline vehicle life cycle cost nodel devel oped bK NSD al | ocat es
Initial vehicle purchase price over the life of the vehicle, and
item zes yearly and/or nonthly operation, maintenance, and other
costs associated with vehicle usage. The nodel anortizes capita
costs utilizing a 3.3%real interest rate. The life cycle gasoline
vehicle costs were projected for a new sub-conpact |CE vehicle in
2000. This vehicle was assuned to travel 14,000 mles per year
and 140,000 mles over the life of the vehicle or until resale.
The 14,000 mles per year travel estimate was determ ned from an
anal ysis of VMI and the nunber of vehicles projected for the SCAG
region for the year 2000. Tires were expected to last 50,000
mles, and cost $320 for a full replacenent set. The | oaded
vehicle driving weight was estimted at 2,600 pounds.

The real cost of a new gasoline vehicle, salvage value, life
expectancy, and average annual vehicle m|eage were expected to he
consistent with present conditions. Assunptions contained in the
NSD anal ysis were retained for nost cost conponents in our analysis
al though averages of their estimates were selected for sone itens.
The initial real price of the gasoline vehicle including tax was
given as $11,000 with sal vage value specified as 1.5% of the
Initial vehicle cost. From the NSD range of retail gasoline
prices, overall fuel econony, oil expenses, gas taxes, and vehicle
sal vage value (as a % of initial vehicle cost), averages were
utilized to form the baseline paraneters in estinating the gasoline
life cycle costs for this study. The baseline gasoline vehicle
retail price of gasoline was set at $1.45 per gallon with taxes
included. Overall lifetine vehicle fuel econony was specified as
35 mles per gallon. GO | expenses were estimted at $28.50 per
year including taxes. Federal and state gasoline taxes were given
as $.25 per gallon of gasoline. Qher operating costs included:
$484.50/year, including taxes, for maintenance, $44.36/month for
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i nsurance, $10.60/month for.Parking and tolls, $18.50/year for
accessories, and $25/year for both registration fees, and
i nspection and maintenance.

Infrastructure Cost Methodologies

Three cost nodel s were devel oped by SCT to portray the relationship
between costs and revenues associated with operation of the powered
r oadway. Each nodel builds upon the previous nodel construction
adding further refinenments and detail while retaining adequate
simlarities with the previous nodels to provide easy validation.
The steady state Mbdel (ssM) is conparable with the NSD nodel in
its treatment of roadway construction, energy, adninistration
operations, and maintenance expenses. That is, the SSM generates
costs associated with a one-mle portion of a fully built roadwa
that services a "steady state" vehicle population or the nunmber o
vehicles that has stabilized, or saturated, at a specified size.
The vehicle Population saturation, also referred to as narket
penetration of the RPEV users, was derived from previous anal ysis
to be 28,737 vehicles per lane per day. Financing considerations
related to the devel opnent and use of the systemin previous tinme
periods were ignored. Based on the costs cited above, the retai
price of energy that nmust be charged in order for revenues to equal
costs, referred to as the "breakeven rate," was determ ned.
Revenues were therefore assumed to be based solely on roadway- based
enerﬁy purchased by the RPEV users of the electrified system The
breakeven rate derived fromthe SSM shoul d be approxi mately equal
to the cost outputs of the NSD nodel that pertain to roadway
infrastructure construction and usage given equivalence in
correspondi ng input paraneters.

The second nodel, referred to as the Startup Transi ent Mbdel (sT™),
is also a one-mle nodel analysis of the costs and revenues that
corresponds to the entire 40 year period, from initial
construction, to growth in the RPEV population from zero to steady
state ("saturation"), to rebuilding the roadway 25 years after the
original construction. The STMdiffers fromthe SSM by i ncl udi ng
cost conponents to finance the deficit expenses that occur prior to
the year when cunul ative revenues equal cunulative costs. An
initial nunmber of RPEV users and growth of the nunber of users are
devel oped over time to represent the "startup transient” in this

nodel . It was assunmed that 1,291 RPEV users would initially enter
the system or market, two years after construction of the roadway
began (i.e. in year 3, with the roadway construction beginning in
year 1). Fromthe fourth year of construction until market

saturation, or 28,737 vehicles per |lane per day, was achieved, the
number of users was stipulated to increase by 1,937 per year. The
nodel designates a particular year, year 25 in our analysis, for
cumul ative | osses to reach zero. Thé retail price of energy that
must be charged so that cumulative revenues equal cunulative costs
in that year is the tine-dependent breakeven rate. Once the user
popul ation stabilizes, the annual STMresults (ignoring interest on
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the deficits fromthe early years) match the SSMresults. Thi s
result is expected since the deficit financing conponent of the STM
falls to zero in the designated year. The outputs generated by the
SSM and STM nodels thus assist in establishing prelimnary
I nfrastructure costs for a one-nmle scenario that provide a
foundation for the devel opnent of costs for a conplete RPEV
regional system

The rpEV Econom c Mddel (REM incorporates the STM user, or market
penetration profile, and deficit financing considerations and adds
further construction schedulin? assunptions consistent with the
2025 system scenari o design. n conparison to the STM the REM
i ncl udes the nunber of years for roadway construction, the nunber
of new systemniles built per year, and average trip |length on the
RPEV network as input parameters to the cost analysis.

Approxi mately 10 years of roadway construction are required in
order to build the 1,035 lane-mle reEv network, or 52 systemmles
per year. Average trip length of 33.4 mles per day on the RPEV
facility was utilized fromprevious analysis of trirp length

distribution VMI on and off the powered roadway. Wien nar ket
penetration, or saturation, is achieved as per the previously
specified growth profile, it is assuned that the average trip

length on the RPEV facility is acconpli shed.

The breakeven rate, determned for year 25 in the REM nodel, fully
represents all of the regional infrastructure costs associated with
the design of the 2025 RPEV scenario. Again, the breakeven rate
woul d be the retail price of electricity charged to users of the
power ed roadway system so that cunulative revenues and costs
associ ated with the system would be equal in year 25. The costs
i mhedded in calculation of the breakeven rate were utilized to
nodify the life cycle RPEV user costs described in the NSD nodel.

It is inportant to enphasize that all revenues corresponding to use
of the powered roadway were derived fromelectricity purchased by
RPEV users of the electrified system Revenues generated by the
utility fromat-honme charging as well as other funding options,
I.e. excise taxes on RPEVs sold, gasoline taxes, RPEV capita
and/ or operating cost subsidies, sale of em ssions reduction

credits, were not included in the analysis. Incorporation of such
i ncone-generating neasures would Substantially reduce cost
i ncidence to the users. Further investigation of these funding

possi bilities are undertaken in Section 8.5.

Throughout the analysis of roadway construction costs it was
assumed that |oans were used to finance the capital costs. A 25-
year loan period and a 3.3%real interest rate were specified for
the SSM STM and REM nodels. Baseline roadma% construction cost
was specified as $2.5 mllion per lane-nile. oadway repl acenent
costs, included in the stM and REM nodels, were estimated at $1.67
mllion per lane-mile, and were financed at the 3.3%rate over the
useful life of these inprovenents.
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Energy costs in all three nodels were calculated by nultiplying the
amount of energy sold by the whol esale energy rate. The whol esal e
energy rate included the wholesale electricity price of 7 cents/kwh
plus 2.3 cents/kwh to cover distribution |osses as determ ned by
the 75% system effici ency assunption. (The losses referred to
i ncl ude those associated with the power conditioner, distribution
network, and open roadway). The whol esale energy rate of 9.3
cents/ kwh contributed to the conputation of the retail price of

ener gy. Thus, the whol esal e energy costs depended on system
efficiency, the vehicle energy transfer rate, the nunber of system
users, and the average on-system mles traveled by each user per
day. stem efficiency was specified as the DC energy delivered
on-board the vehicle divided by the AC energy drawn from the power
grid. Vehicle energy consunption, defined as the kil owatt-hours
per mle transferred to the vehicle (via the notor controller or
for battery recharging), was dependent on terrain, vehicle weight,

velocity, aerodynam cs, and the amount of battery charging.

Adm nistration costs were assunmed to be 2.5% of the baseline
projection of the debt and energy expenses in all infrastructure
model s thereby linking these costs to construction activity and the
nunber of users. Operations and mai ntenance costs (O&\) were set
at 2.5% of cumul ative roadway capital costs, excluding replacement,
for all three nodels.

Total roadway costs were thus expressed as the summtion of
construction, energy, admnistration, and O&M expenses for each
nodel with an additional conponent for debt financing in the STM
and REM  Annual total costs were determned for all three nodels,

and cumul ative total costs were provided for the STM and REM

Annual and cunul ative profits or losses were derived for the STM
and REM  The SSM broke even on an annual basis by definition as
expl ai ned previously. Taxes and depreciation expenditures were not
included in the cash-flow analysis for any of the nodels.

For each nodel, conmponents of infrastructure costs were
additionally expressed in $/kwh. This format enabled determ nation
of the retail price of ener%y, or breakeven rate, that would be
necessary to cover costs per kilowatt hour in a specific year. The
breakeven rate, nmneasured I n $/kwh, was neasured by dividing
cunul ative total costs by cunulative kilowatt-hours sold in the
desi gnat ed breakeven year for the STMand REM  For the SSM only
a breakeven analysis Is possible given nodel design definitions.

8.2 BASELI NE USER AND REG ONAL COST RESULTS

The results fromthe baseline user and infrastructure cost nodels
are presented in this section. Based on the descriptions and
model i ng et hodol ogi es given for each nodel in Section 8.1,
tabul ations of nodel inputs are provided to sunmarize the previous
di scussion of paraneters specified for each nodel. The outputs of
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each nodel are offered next in graphical and tabular formwth an
interpretive narrative of the findings.

Basel i ne User Costs

The specified input paraneters for the baseline gasoline and RPEV
life cycle costs are given in Table 8.1. These inputs coincide
with the selected inputs in the infrastructure cost analysis in al
cases where simlar parameters are utilized across these nodels.
Table 8.2 lists the cents per nmile outputs for both gasoline and
RPEV |ife cycle user costs.

As indicated in Table 8.2, gasoline vehicle user costs are slightly
| ower than those for RPEVs, 24.88 cents per mle conpared to 25.64
cents per mle. Initial vehicle costs are the |argest conponent of
gasol i ne vehicle and RPEV user costs, 36.6% versus 35.9% (or 44.1%
wth batteries included).

Fuel cost for the gasoline vehicle is 4.14 cents per nmle wile
total electricity cost for the RPEV is 1.68 cents per nmle. The
RPEV total electricity cost consists of .78 cents per mle of on
roadway electricity cost (46.5%of 1.68 cents per mle), and .90
cents per mle of electricity cost associated with off roadway
charging, i.e. at hone, opportunity charging throughout the day.

RPEV mai nt enance costs conpare favorably with those of the gasoline
vehi cl e. For the RPEV, nmintenance costs are 2.08 cents per nile
whil e the gasoline vehicle nmaintenance, & and oil costs are 3.84
cents per mle. RPEVs have higher replacenent tire expenses,
registration fees, and insurance costs than the gasoline vehicle.

Gasoline vehicle user costs do not include expenses related to the
devel opment of and usage of the freeway facilities whereas the RPEV
user costs cover costs related to roadway infrastructure
mai nt enance, and installation. | f these roadway costs were not
assunmed to be passed on to the RPEV systemusers, i.e. if these
infrastructure costs were governnent subsidized, the RPEV user
costs may be | ower than the gasoline vehicle costs.

For the RPEV, 2.78 cents per mle of the user costs represents the
al l ocation of infrastructure expenses and roadway electricity
usage. | f RPEV users did not pay these costs, their life cycle
user cost would fall to 22.86 cents per mle. These costs are
compared with the output fromthe steady state nodel (SSM in the
next section since the SSM estinmates these itens utilizing an
alternative, but simlar analysis.

The baseline user cost conparisons suggest that the RPEV may offer
sone econom c advantage to users over the life of the vehjcle
especially if roadway infrastructure costs were subsidized
simlarly to the highway devel opnments provided for conventiona
gasoline vehicles. Additional RPEV user cost sensitivities nodel ed
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TABLE 8.1

1.45
35.00
11000.00
140000
0.015
14000
2600.00
0.033

71.50
6.50
44.36

484.50
10.60
320.00
50000
18.50
28.50
25.00
25.00
0.25
1.05

INPUTS FOR BASELINE GASOLINE AND RPEV USER COSTS

Gasoline Vehicle Input Data

Retail price of gasoline, $/gallon, taxes excluded
Overdl lifetimevehiclefuel economy, miles/gallon
The initial price of the car including tax, $

Miles driven over life or until resale

Vehicle salvage/resale value, fraction of initial cost
Miles driven per year

The loaded driving weight of the vehicle, Ibs.

The real annual interest rate for auto loans (equal payments over
life of vehicle) or foregone consumer savings (full at time of purchase)

Insurance payments, first n years with collision insurance, $/month
n, years collision insurance is carried

I nsurance payments, subsequent years without collision insurance,
$/month

Maintenance costs, $/year, including taxes

Parking and tolls, $/month

Four replacement tires, $/set, including taxes

Life of tires, miles

Accessories, $/year

Qil, $lyear, including taxes

Registration fee, $/year

I nspection and maintenance fee, $/year

Gasoline tax, Federal + State, $/gallon

Sales tax on incremental vehicle cost, (1 + % tax)
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TABLE 8.1 INPUTS FOR BASELINE GASOLINE AND RPEV USER COSTS (Con’t.)

7.000
7.000
0.875
0.750
0.725
6.100

40.00C
0.800
Na/S
0.015
250.000
57.500
10.000
950.000
100.000
1.450
0.010
0.0250
100.000
a50.m
0.000

8.500
0.465
0.465
1.375
0.900
0.450
0.600
2.500
28.737
25.000
62,015.500
1.000

RPEV Input Data

Price of peak-hour electricity at the power conditioner, cents/kwh
Price of electricity at the outlet and/or power conditioner, cents/kwh
Efficiency of battery charging

Efficiency of RPEV system from power conditioner input to vehicle battery or powertrain
Efficiency of battery

Ratio of efficiency of RPEV powertrain w/regenerative braking to ICEV powertrain
efficiency

Desired urban vehicle range on battery only, miles (at DoD below)
DoD at desired driving range

Battery type

Battery salvage value, % of initial cost

Weight of pick-up inductor & suspension system, Ib.

Weight of onboard controller unit, Ib.

Cost of pick-up inductor including suspension system, $/1b.

Cost of onboard controller unit, $

OEM battery cost, $/kwh nominal deliverable capacity

Ratio of retail to OEM battery cost

Pick-up inductor salvage value, % of initia cost

OBC salvage vaue, % of initia cost

Battery energy density, maximum delivered wh/kg

Battery cycles per life, at DoD stated above

Cost of RPEV (including tax & onboard charger, excluding pick-up inductor, OBC, &
battery) minus cost of ICEV, $

Number of years collision insurance is carried on RPEV

96 total annual miles from roadway power

% of electric roadway miles during peak hour rates

RPEV life/ICEV life

RPEV test wt. (excluding battery, OBC, & pick-up inductor) as % of ICEV weight
Percent decrease in fuel efficiency per 1 percent increase in vehicle weight
Maintenance costs, fraction of gasoline vehicle

Cost of building electric roadway lane, $million/mile

# of RPEVs using electrified lane each day per lane mile (x 1000)

Life of electric roadway, years

Electric roadway maintenance cost greater than conventional maintenance, Slyear/lane mile
RPEV Fuel tax gasoline tax (x100)
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TABLE 8.2 OUTPUTS FOR BASELINE GASOLINE AND RPEV USER COSTS

Gasoline Vehicle Qutputs (cents/mile)
4.14 Gasoline

9.11  Vehicle

5.40 Insurance

3.46  Maintenance

0.20 Oil

0.45 Replacement tires

091 Parking and tolls

0.18 Registration

0.18 Inspection and maintenance
0.71 Gasoline tax

Q13  Accessories

24.88 ToTAL PRIVATE COST

RPEV Outputs
(cents/mile)

168 Tota electricity cost (46.5%, or .78* is z-roadway)
9.21 Initial vehicle cost

2.09 Batteries

6. 00 Insurance

2.08 Maintenance

0.64 Replacement tires

.91 Parking and tolls

0.19 Registration

0.71 Fuel tax

0.13 Accessories

0.59 Cost for additional electric roadway maintenance *

1.41 Cost for eiectric roadway installation *

25.64 TOTAL PRIVATE COST

Note: * = Thesum of thesethreeitemsis 2.78 é/mile which compares with
4.05 &/milein the steady state cost model (SSM) and 6.17 ¢/mile
in the regional economic cost model (REM). The revised private
cost is 26.91 ¢/mile for the SSM and 29.03 ¢é/mile for the REM.
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and reported in Section 8.3 were devel oped relative to the baseline
?aﬁgl|ne user costs to provide further clarification of our
i ndi ngs.

Infrastructure Costs - Steadv State Mde

The summary of steady state nodel (SSM inputs and output results
are provided as a precursor to the startup transient cost nodel.
Basel i ne nodel inputs for the steady state one mle analysis are
listed in Table 8.3. As explained in Section 8. 1, the steady state
nmodel exam nes costs associated with one mle of a fully devel oped
RPEV system with nmarket penetration at its postulated |evel of
saturation. Fi gure 28 depicts conponents of annual costs (al so
equal cunul ative costs in the SSM in $/kwh associated with the
electrified roadway systenmis operation_assum ng market penetration
of 28,737 vehicles per lane per day. Table 8.4 provides a sumary
of the energy usage corresponding to this market penetration, and

its relationship to the retail energy price conponent of the
breakeven rate.

Table 8.4 Steady State Mddel One-MIle Anal ysis

Basel i ne Energy Usage Summary
(Market Penetration = 28,737 v/l|/d)

Total Wholesale Total Contribution
Wholesale Rate Wholesale to Retail
KAah/vr $ /Knh Cost $/KAh Price_$/Mah_
Energy Sold 2,202,691 .07 $154,188 .070
Losses 734 230 .07 51,396 .023
Total Wholesaie
Energy 2,936,921 $205,584 .093

In Table 8.5, the conpl ete disaggregation of annual costs, revenues
and the derivation of the breakeven rate are given. The wholesale
cost of energy is the largest expense, representing approximtely
48% of total system costs. The breakeven rate of 19.3 cents/kwh
(or 4.05 cents/mle) is the retail price of energy that nust be
charged to cover all system costs. hus, the retal’l energy price
devel oped with a high level of utilization of the RPEV systemis
approxi mat el y doubl e the whol esal e energy cost.
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Table 8.3 Steady State Model Inputs
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:g'" Market Penetration cost

. 28,737 Volume (vehicles per lane per day) 2.5M Cost/lane-mile of roadway
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4 2.5 0 & M (% of cumulative new roadway
g Revenue capital cost)

% 0.193 Breakeven Rate ($/kwh)*
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Debt Service on
' Construction Loan

/

Operating + Administrative Expenses

Annual Costs = $425,345
Breakeven Rate** = $0.193/kwh
or $0.041/mi

. Annual costs equal
cumulative costs
for steady state model

** Breakeven rate equals
effective rate for
steady state model

Wholesale
cost of
Energy

Figure 28. Steady State Model Annual Costs*
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Table 8.5 Steady State Model Results
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. Cost Summary $ $/kwh
2 Debt service 148,411 0.068
é’ Wholesale cost of ener gy 205,584 0.093
% Operating expenses 71,350 0.032
o Administrative 8,850 0.004
8 O&M 62,500 0.028
2 0.193
] Total Cost 425,345 0.193
a

) Revenue Summary

§ Retail energy revenue 425,345 0.193
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Infrastructure Cost Results -~ Startup Transient Model

The startup transient nodel inputs and output results are an
extension of the steady state nodel, and a pre |n1narK step toward
devel oping the regional economc nodel. The inputs chosen for the
startup transient nodel are delineated in Table 8.6. This nodel

expands the steady state nodel (SSM assunptions by adding time-
dependency conditions with respect to the profile of users on one
| ane-mile of a fully built roadway, and debt financing
corresponding to the early years of roadway devel opment. For years
when the system was cunul atively unprofitable, a deficit interest
exPense conponent was included in systemcosts to finance the
deficit. The breakeven year of 25 was selected given the 25 year
life of the roadway and the construction |oan period assunptions.

The STM nodel spans 40 years frominitial construction to allow
roadway replacenent analysis to be included in the cost and revenue
cal cul ati ons beyond the breakeven year.

Table 8.7 presents the annual cost and revenue summary for years
13, 25, and 40. For this analysis, the retail price of ehergy
corresponding to the breakeven rate determned in the cunul ative
cost determ nation was utilized for revenue cal cul ations. The
cumul ative breakeven rate, 27.1 cents/kwh (or 5.69 cents/mle),

represents the charge required to insure that all costs accunul ated
by Kear 25 will be paid with accunul ated revenues. This rate was
hi gher than the rate necessary to equate total costs and revenues
on an annual basis in year 20. The annual breakeven rate in the STM
for year 25 was 19.3 cents as was the case for the SSM

As indicated in Table 8.7, annual costs and revenues were approxi-
mately equal in year 13. Years prior to 13 produced | osses with
years follow ng 13 denonstrating ever-increasing profits. Market
saturation was achieved in year 18 and corresponded to the total
cost maxinmum  This occurred since the nunber of system users when
system costs were distributed reached its peak in year 18 and
stabilized at that |evel of usage in each succeeding year. Thus,
total system costs were spread over the |argest nunber of users
after that point. Total revenue, by conparison, increased until
year 18 when it reached stability at $596, 767 per year.

As expected, debt service represented the |argest cost conponent in
the early years of roadway construction and market devel opnent.
After year 25, debt service costs decreased since the newy
incurred debt to finance roadway replacenent was |ess than the
original roadway construction loan expense. In addition, interest

paynment on the debt incurred in the early years of roadway
devel opment fell to zero in year 25.
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Table 8.6 Startup Transient Model Inputs

Startup Translent One-Mile Model Scenario: Baseline
© INPUT
[~ ]
2
g Market Penetration cost
L 3 Startyear 2.5M Cost/lane-mile of roadway
2 1,291 RPEV users in the initial year of market ~ 1.67M Replacement cost ($/mile)
.% growth
g 1,937 Number of users per year until market 2.5 Administration (% of debt + energy)
= saturation
g 28,737 Saturation cap in average 2.5 0 & M (% of cumulative new roadway
l vehicle/lane/day capital cost
H 0.07 Cost of energy (wholesale $/kwh)
>
‘g Revenue
2 0.242 Cumulative breakeven rate ($/kwh)*
b4
8 Vehicle Parameters Debt Service
3 0.271 Energy consumption of vehicle ($kwh) 3.3 Interest rate (real % per year)
§ 75 System efficiency (%) 25 Life of loan and life of roadway (years)
0
R
z Miscellaneous
‘f* 25 Designated year for cumulative
g breakeven rate
2
n
35 *Qutput of Model
N e
!
oi o
3§ 0
v -3
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Table 8.7 Startup Transient Model Results

Startup Transient One-Mile Model

Annual

Cost Summary
Debt service

Wholesale cost of energy
Operating expenses
Administrative
o&M
Interest on cumulative deficit
Total Cost

Revenue Summary
Retail energy revenue
Total Revenue

Profit/Loss

Scenario: PBaseline
| OUTPUT |
Year 13 Year 25 Year 40
$ $/kwh $ $/kwh $ $/kwh
148,411 0.094 148,411 0.068 08,941 0.045
147,809 0.093 205,584 0.093 205,584 0.093
69,905 0.039 71,350 0.032 70,113 0.031
7,405 0.004 8,850 0.004 7,613 0.003
62,500 0.035 62,500 0.028 62,500 0.026
44,844 0.048 0 0.000 0 0.000
410,969 0.279 425,345 0.193 374,638 0.170
429,056 0.271 596,767 0.271 596,767 0.271
429,056 596,767 596,767
18,087 171,422 222,129




Whol esal e energy cost increased corresponding to growh in the
nunber of system users and stabilized at $205,584 in year 18 when
mar ket penetration of 28,737 v/I/d was conpleted. In year 25, as
in the SSM and thereafter whol esale energy cost was the
redom nant conponent of system costs representing approxi mately
alf of total expenses. igures 31 and 32 are provided in the
graphics section at the end of Section 8.3 to offer additiona
confirmation of these findings.

Cumul ative revenues and costs developed in the STM are portrayed in
Table 8.8 for years 13, 25 and 40. Wile year 13 denonstrated an
annual breakeven, |osses are aEParent when a cunul ative perspective
of revenues and costs was undertaken. In year 25, cumul ative
revenues equal cumulative costs at the breakeven rate of 27.1 cents
conpared to the annual STM and ssM’s breakeven rate of 19.3 cents.
Thus, accounting for the accunul ated expenses for the first 25
years of project |life in order to breakeven in the specified year
substantially increased the retail energy rate that nust be charged
to users. Figure 29 shows that approximately half of the
cumul ative expenses in year 25 are represented by debt service and
interest paynents on the cumulative deficit. Théese expenses fall,
however, relative to whol esale energy costs in the years after the
breakeven year since roadway replacement costs were |ess than the
initial roadway expenses, and the initial roadway construction
| oads were paid. Figures 33 - 36 at the end of Section 8.3 offer
illustrations of these findings.

Al though all system costs rise with tine, the contribution of each
cost conponent to the retail price of energy denonstrated different
gromﬁh patterns. Debt service and interest on the cunul ative

eficit fell as the nunber of system users increased. The
contribution of debt service to the retail price of energy fell to
half its value fromyear 13 to year 25 while the interest on
curmul ative deficit conponent decreased by nore than half over this
eriod. Operating expenses also fell as they were spread over a

arger nunber of users. Consequently, as tine proceeded the
fraction of the retail energy price attributed to whol esal e energy
cost, which is constant, represented an ever-increasing percentage
of the retail price of energy. Figure 29 illustrates the cost
conponents of the breakeven rate for year 25. In that year
cunul ative debt service and cunul ative interest on the cumulative
deficit were approximately half of the breakeven rate.

Infrastr r i Economnii

The regional economic nodel (REM incorporated the technical ﬁnd
mar ket “assunptions corresponding to the 2025 RPEV scenario. T
nodel is a scaled up version of the STMin that the REM included
the 1,035 lane-mles of roadway as specified in the RPEV scenario
network. The REM al so contained a roadway construction schedul e,
apProxinater 104 new system | ane-mles per year for ten years, as
wel | as a systemreplacenment tinetable simlar to the initial
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Table 8.8 Startup Transient Model Results

Startup Translent One-Mile Model

Cumulative

Cost Summary
Debt service

Wholesale cost of energy
Operating expenses
Administrative
0&M
Interest on cumulative deficit
Total Cost

Revenue Summary
Retail energy revenue
Total Revenue

Profit/Loss

Scenarlo: Baseline
OUTPUT 1
Yearl3 Year25 Yeard40
$ $/kwh $ $/kwh $ $/kwh

1,929,344 0.209 3,710,276 0.107 5,194,387 0.077
863,745 0.093 3,238,230 0.093 6,321,997 0.093
882,327 0.095 1,736,213 0.050 2,787,910 0.041
69,827 0.007 173,713 0.005 287,910 0.004
812,500 0.088 1,562,500 0.045 2,500,000 0.037
444 483 0.048 715,151 0.021 715,151 0.011
4,119,900 0.445 9,399,870 0.271 15,019,445 0.222
2,507,263 0.271 9,399,870 0.271 18,351,370 0.271

2,507,263 9,399,870 18,351,370

-1,612,636 0 3,331,925
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Cumulative Interest
on Cumulative Deficit

Operating +
Administrative Expenses

Debt Service on
-~ Construction Loan

Climulative Costs = $9,399,869
Effective Rate =0.271/kwh
or $0.057/mi

Wholes ale
cost of Energy

Figure 29. Startup Transient Model Cumulative Costs
(Year 25)



roadway construction schedul e. The market penetration profile
| thedded in the STM was nodified in the REM to reflect the
addi tional assunption that each system user traveled an average of
33.4 mles per day on the powered roadway. Fi nanci ng conditions
utilized in the REM were identical to those developed in the STM
When the system was cunul atively unprofitable, a cost conponent was
added to debt service to finance the deficit.

Table 8.9 presents the REM inputs for the 2025 scenario. In Table
8.10 annual revenues and costs are given and indicate that
breakeven occurred in year 16. The cumul ative breakeven rate was
higher in the REM $.294/kwh, conpared to the STM This rate was
utrlized in the annual revenue determ nation so that annual costs
could be conpared with the retail price of energy that nust be
charged to enable cunulative |osses to reach zero In the breakeven
year. In year 16, costs per kilowatt hour are approximtely equa
to the breakeven rate, causing the systemto first break even on an
annual basis in that particular year.

Total annual costs increased nost rapidly during the ten years of
initial roadway construction and continued to ?row at a slower pace
to year 25. Fol | owi ng year 25, roadway replacenent costs i ch
were assuned to be two-thirds of initial roadway construction
expense, and renoval of the deficit interest expense enabled tota
costs to decline. Annual revenue increased until stabilization at
$671.1 million in year 27 when market saturation of 28,737 v/l/d
was achieved. These results are portrayed in Figures 37 and 38 at
the end of Section 8.3.

Approxi mately half of the retail price of energy was needed to
cover debt service and interest on cunulative deficit expenses in
year 16, the annual breakeven year. This result is simlar to that
found in the STMand SSM By year 25, whol esale energy cost was
the | argest conponent of system costs as expected from the STM
results. From years 25 to 40, the wholesale cost of energy was
slightly less than one-third of the retail energy price.

The cunul ative cost and revenue analysis for the RPEV scenario is
given by the REM results in Table 8.11. Al'l previous infra-
structure cost anal yses provided confirmation of the nodeling
procedures that were utilized to validate the assunpti ons and
rel ati onshi ps anobng cost conponents contained in these findings.
In Table 8.11 the cunul ative breakeven of all system costs and
revenues occurs in year 25, the designated breakevén year. |n that
year , costs equal revenues of $7,552.8 nmillion. Thus, to build and
OEerate the RPEV system users would be charged $.294/kwh to cover
the system costs of $7,552.8 nillion. By year 40, the cumulative
REM results indicate that profits would be $4,016.3 mllion.

The whol esale price of energy was approxinmately one-third of the
retail price in the breakeven year with debt service and cumul ative
interest on the cunulative deficit representing nearly half of the
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Tabl e a.9 Regional Economic Model inputs

Regional Economic Model

Scenario Baseline

[ INPUT |

Market Penetration

4,000 Number of RPEV users in the iniiiai year of market growth
6,000 Number of users per year until market saturation
3 Start year
26 737 Volumg limit in vehiclesNane/day
' (or vehicle-miles/lane-mile/day)
Revenue
0.264 Cumulative breakeven rate’
cost
2.5M Cost per lane-mile of roadway
1.67M Replacement cost ($1ane-mile)
2.5 Administrative (% of debt + energy)
2.5 O&M (% of cumulative new roadway capital cost
6.07 Wholesale cost of energy ($/ kwh)

Vehicle Parameters

0.21
75
33.4

Energy consumption of vehicle (kwh/mile)
System effincy (%)
Average vehiie-miles per day on the system

Debt Service

3.3%
25

Interest rate (real %/year)
Life of loan and life of roadway (years)

Miscellaneous

25
9.95
5 2

Designated year for cumulative breakeven rate
Number of years for roadway construction
New system-miles per year (104 lane-miles)

*Qutput of model

/0!
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Table 8.10 Regional Economic Model Results
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z

g Regional Economic Model Scenario:  Baseline

,f,:, OUTPUT

:

§ Annual Year 16 Year 25 Year 40

2 M$ $/kwh M$ $/kwh M$ $/kwh
o

ha Cost Summary

i Debt service 153.6 0.109 153.6 0.068 102.4 0.045
a Wholesale cost of energy 131.4 0.093 210.7 0.093 212.6 0.093
2 Operating expenses 71.8 0.051 73.6 0.032 72.6 0.032
Y Administrative 7.1 0.005 9.1 0.004 7.9 0.004
8 oM 64.7 0.046 64.7 0.028 64.7 0.028
3 Interest on cumulative deficit 38.5 0.046 0 0.000 0 0.000
8 Total Cost 395.3 0.299 438.1 0.193 387.6 0.170
a

B Revenue Summary

2 Retail energy revenue 414.7 0.294 665.1 0.294 671.1 0.294
9 Total Revenue 414.7 0.294 665.1 0.294 671.1 0.294
-]

? Profit/Loss 194 227.0 263.5
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Table 8.11 Regional Economic Model Results
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P ,

3 Reglonal Economic Model Scenarlo: Baseline

@ OUTPUT

g

-’5‘ Cumulative Year 16 Year 25 Year 40

g M$ $/kwh M$ $/kwh M$ $/kwh
- Cost Summary

o Debt service 1,766.1 0.226 3,148.3 0.123 4914 .4 0.087
§ Wholesale cost of energy 728.8 0.093 2,393.2 0.093 5,582.9 0.093
% Operating expenses 806.1 0.103 1,464.4 0.057 2,558.4 0.042
0 Administrative 62.4 0.008 138.6 0.005 262.4 0.004
g osM . 143.7 0.095 1,325.8 0.052 2,296.0 0.036
3 Interest on cumulative deficit 362.2 0.046 546.9 0.021 546.9 0.009
§ Total Cost 3,663.2 0.468 7,552.8 0.294 13,602.6 0.226
a

® Revenue Summary

g Retail energy revenue 2.299.9 0.294 7,552.8 0.294 17,619.0 0.294
Q Total Revenue 2,299.9 0.294 7,552.8 0.294 17,619.0 0.294
[-+]

8

. Profit/Loss 1,363.2 0 4.016.4

z
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retail energy price. (See Figure 30). As in the STMresults, the
whol esal e cost of energy represented an increasing proportion of
the retail energy price over tine while all other cost conponents'
Qercentage contributions to the retail price of energy declined.
his result was expected since all system costs other than energy
were spread over a |arger nunber of usersover time. Energy costs
however, although proportional in rate, conprised an increasing
percentage of total system costs as system usage increased. These
gesu!ts grg additionally confirmed in Figures 39 - 42 at the end of
ection 8.3.

Again, the cumulative REMresults are the relevant baseline results
for consideration in inplenentinﬁ the roadway system The REM
nodel nore closely represents the practical application of the
system design, and tine-dependent cost considerations are necessary
for correct planning purposes. This nodel and its baseline results
thus provide a vehicle through which additional system cost
anal yses may be exam ned.

The REM basel i ne nodel produced a cunul ati ve breakeven rate of

$.294/kwh or 6.17 cents per mle. This retail energy rate was
useful in nmodifying the NSD nodel's RPEV [ife cycle cost estinmate
for system users. In the NSD nodel baseline analysis, 2.78 cents

per mle was attributed to costs associated with building and
operating the powered roadway as well as the portion of electricity
expense corresponding to on system charging. For the REM nodel,

t hese roadway costs were higher due to the cunul ative cost analysis
whi ch included deficit financing and roadway construction tinetable
considerations. The revised baseline life cycle cost to the RPEV
system user of 29.03 cents per nile incorporates these REM
revi si ons.

In conparison, with the NSD nodel's 24.88 cents per mle |life cycle
cost estimate for conventional vehicles, the baseline RPEV user
cost was approximately 17% hi gher. As noted previously,
subsi di zation of electrified roadway construction and operating
costs woul d reduce the disparity in life cycle cost conparisons
bet ween conventional gasoline and RPE vehicles. The sensitivity
analyses in the next section include roadway construction
subsi di zation estimtes for system users.

8.3 USER AND REG ONAL COST SENSITIVITY ANALYSI S

In this section sensitivity analysis is performed for selected
nodel paraneters so as to generate a series of conparisons with
the findings given in the baseline results for the 2025 RPEV
system  The baseline results are studied with respect to changes
in roadway costs, wholesale energy cost, roadway operating
expenses, Interest rates, energy consunption, system efficiency and
average vehicle-niles per day on the system ere applicabl e’ user
cost sensitivities are additionally offered in these conparisons.
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Cumulative Interest
on Cumulative Deficit

Cumulative Operating +
Administrative Expenses

Cumulative
Debt
Service on
Construction
Loan

Cumulative\
Wholesale
Energy Cost

Cumulative Costs = $7.55B
Breakeven Rate = $0.294/kwh
or $0.062/mi

Figure 30. RPEV Economic M=del Cumulative Costs
(Year 25)



Table 8.12 lists the previously stated sensitivity neasures and
identifies the baseline results with asterisks. The REM cunul ative
cost results are utilized for all sensitivities. The REM cumul a-
tive breakeven rate in year 25, and the cumulative costs and
revenues for years 25 and 40 are also provided. Cumulative system
profits for year 40 are also offered. Figures 43 - 50 at the end
of this section graphically depict these sensitivities for the REM
breakeven rate conparisons.

Wien view ng Table 8.12 each sensitivity may be contrasted with the
basel ine entry assumng all other neasurenents have been maintai ned
at their baseline val ues. For exanple, the cunul ative breakeven
rate for a roadway construction cost per mile of $1.5 nillion is
24.1 cents/kwh (5.06 cents/nile? relative to the baseline value of
29.4 cents/kwh (6.17 cents/mle) with all other baseline input

anounts retai ned. The $0.0 nillion per nmile roadway cost is
included in the analysis to represent a roadway cost subsidization
case. |If roadway construction expense was subsidi zed, the |owest

cunmul ati ve breakeven rate is produced, 15.6 cents/kwh (3.28
cents/mle), which is approximtely half the baseline cunulative
breakeven rate. The highest cunul ative breakeven rate occurs when
roadway cost is set at $6.0 million per lane mle, or 49.2
cents/kwh (10.33 cents/nile). The range of cunulative breakeven
rates mrrors the range of cunul ative cost estimates for al
sensitivity measures since the mninum and maxi num val ues occur
wi thin the roadway cost category.

Cunul ative breakeven rates generally increase as expense category
sensitivity values increase and decrease as sensitivity neasures
related to system performance and/ or usage increase. I ncreased
system efficiency, however, reduces cunul ative costs.

The range of cunul ative system profits for year 40 indicates a
di fference of $7,865.1 million, given the cunul ative profit m ninum
of $1,009.1 mllion with roadway cost subsidization and maxi mum of
$8,874.2 mllion assumng a 9.9% real interest rate. Cunul ative
profits of $4,016.3 mllion for baseline conditions are offered as
the nost reasonabl e estimates.

Cunul ative costs, revenues, and profits are found to be sensitive
to alternative roadway cost and interest rate neasures. Cumul ative
profits in year 40 areinsensitive to whol esal e energy cost, energy
consunption, system efficiency, and average vehicle-mles per day
on the system since these neasurenents equally inmpact both cunu-
| ati ve costs and revenues. Roadway costs "and interest rates
?roduce the largest variation in cunulative profits (as well as
0osses) over tinme.

Table 8.13 translates the REM nodel's cunul ative breakeven rate
froms$/kwh to cents per mle to enable calculation of RPEV |ife
cycl e user cost sensitivities. The results in Table 8.2 indicated
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Table 8

.12 Regional Economic Model Results: Sensitivity Anatysis

OUTPUTS
Cumulative
Cumulative |Revenue =
Breakeven |Cumulstive [Cumulative Cumulative |[Cumulative
Sensitivity Rate Costs Revenue Costs Protit
Mesasures (Year 25) (Yesr 25) (Year 40) (Year 40) (Year 40)
$/'kwh MS MS MS MS
Roadway Cost
$0.0M 0.156 3,998.0 9,326.4 8,317.3 1,008.1
$1.5M 0.241 6,182.1 14,421.5 11,518.6 2,842.9
$2.5M——6-204——F552-8—17.648-8—13.602-6— 40163
$4.0M 0.376 9,646.3 22,502.5 16,725.8 5778.7
$6.0M 0.492 12,613.3 29,424.0 21,197.6 8,226.4
Wholesale Energy Cost
$0.05 0.267 6,851.9 15,984.0 11,967.6 4,016.3
$0.07° 0.294 7,552.8 17,618.8 13,602.6 4,016.3
$0.09 0.322 8,253.7 19,254.0 15,237.6 4,016.3
Operating Expenses
1.0% 0.256 6,573.0 15,333.2 11,966.3 3,366.8
2.5%° 0.294 7.552.8 17,615.8 13,602.6 4,016.3
5.0% 0.358 9,185.9 21,428.6 16,329.7 5,099.0
Interest Rate
3.3%° 0.294 7.552.8 17,615.8 13,602.6 4,016.3
6.6% 0.377 9,675.7 22,571.2 16,438.4 6,132.8
9.9% 0.481 12,340.8 28,788.3 19,914.0 8,874.2
Energy Consumption
0.16 0.357 6,968.7 16,256.4 12,240.1 4,016.3
0.21° 0.294 7,552.8 17,615.8 13,602.6 4,016.3
0.26 0.256 8,136.9 18,981.4 14,965.1 4,016.3
System Efficiency
65% 0.309 7,930.2 18,499.3 14,483.0 4,016.3
75%* 0.294 7,652.8 17,618.8 13,602.6 40163
85% 0.283 7,264.2 16,945.7 12,929.3 4,016.3
Average Vehicle-Miles/Day on System
33.4° 0.294 7.552.8 17,619.8 13,602.6 4,016.3
40 0.262 8,037.6 18,749.8 14,733.4 4,016.3
50 0.229 8,772.0 20,463.0 16,446.7 4,016.3
Note: . = Baseline values
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TABLE 8.13 LIFECYCLE RPEV USER COST: SENSITIVITY ANALYSIS

Sensitivity
M easures

Roadwav_Cost

$ 0.0m
$1.5m
$2.5m~*
$4.0m
$ 6.0m

Wholesale Energv Cost

$ 0.05
0.07 *
0.09

Operating Expenses
1.0%
2.5% *
5.0%

Interest Rate

3.3% *
6.6%
9.9%

System Efficiency

65.0%
75.0% *
85.0%

Note: * = Basdine Vaues

Cumulative

Breakeven

Rate

(Year 25)
[kwh

0.156
0.241
0.294
0.376
0.492

0.267
0.294
0.322

0.256
0.294
0.358

0.294
0.377
0.481

0.309
0.294
0.283

Cumulative
Breakeven
Rate

(Year 25)
&/mile

3.28
5.06
6.17
7.90
10.33

5.61
6.17
6.76

5.38
6.17
7.52

6.17
7.92
10.10

6.49
6.17
5.94

Lifecycle
RPEV User
cost

(Year 25)
¢/mile

26.14
27.92
29.03
30.76
33.18

28.21
29.03
29.79

28.25
29.03
30.38

29.03
33.07
37.67

29.34
29.03
28.86
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a personal vehicle cost of 25.64 cents per mle for the RPEV owner
O this life cycle cost, 2.76 cents per mle was attributed to
roadway installation and maintenance costs, and the electricity
cost associated with on roadway vehicle charging. The REM nodel
estimates these cost conponents to be .294 $/kwh, or 6.17 cents per
mle given baseline conditions. As stated previously, the REM
results nore accurately represent these cost conponents for the
specific design of the RPEV scenario by including a roadway
construction and replacenent tinetable, and an account of deficit
financing for the early years of roadway utilization. Thus, colum
four of Table 8.13 offers the revised RPEV |ife cycle user costs
for the baseline conditions (indicated with an asterisk), and
sensitivities relatedtothe alternative cost and system paraneters
given in Table 8.12’s REM resul ts.

The findings from Tables 8.12 and 8.13, show that the RPEV scenario
W ll require users to pay 6.17 cents per mle for systemrelated
expenses, and a total life cycle cost to own and operate an RPEV of
29.03 cents per mle. The cumulative breakeven rate of ,294 $/kwh,
or 6.17 cents per nile, would be the retail energy rate necessary
to enable cunulative revenues to match cunmul ative costs in year 25.
Thus, the breakeven retail energy rate woul d be adequate to cover
the $7,552.8 mllion system costs of the RPEV scenario.

As was the case with the REMresults in Table 8.12, RPEV [ife cycle
user costs vary by the ?reatest amount when al ternative roadway
costs are considered. |f roadway cost was subsidized, RPEV system
user cost would be 26.14 cents per mle rather than the baseline
estimate of 29.03 cents per mle. Conpared to the baseline vehicle
life cycle user cost figure of 24.88 cents per mle, this RPEV user
cost would be slightly higher.

It is inmportant to note that conparisons of the RPEV and gasoline
vehicle user cost rely on direct, or tangible, cost information.
Consi deration of the external, or intangible, costs associated with
operation of a gasoline vehicle, i.e. pollution costs corresponding
to health, productivity, visibility, material, and other damages,
are not factored into these calculations. Cbviously, the ability
to calculate such externalities would increase the life cycle costs
associated with conventional vehicles. A conplete cost analysis
that includes direct and external cost conponents would thus
provi de the correct nmeasure of gasoline vehicle user costs. For
t he RPEV, external costs would be approximately zero, given the
negligible increases in power plant em ssions associated with the
| evel of RPEV market penetration contained in the RPEV scenario.
(Battery disposal and electromagnetic field exposure issues are not
expected to produce external costs for RPEV usage. See Section 7.4
of this report for further comment on these topics).
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Figure 31. Startup Transient Model Annual Cost Components
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Figure 32. Startup Transient Model Annual Revenues and Costs
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a.4 Regional Economic | Mpacts from System Application

In this section, inpacts to the SCAG regi onal econony associ ated
with the RPEV scenario are provided in a qualitative manner. This
approach is taken due to difficulties in quantifying nmany of the
fundanental changes that correspond to inplementation of the RPEV
system described in Section 6.1 and Figure 15.

The nost significant regional economc inpacts associated with the
RPEV scenario are the benefits fromair quality inprovenent.

Tables 7.14 and 7.15 in Section 7 of this report presented detailed
reductions in the criteria air pollutants, ROG CO NOX, SOX and
PM, for the AM peak. Rel ative to the baseline air pollution
projections for 2025, these inprovenents in air quality ranged from
approximately 5 - 10% dependi ng on pollutant and vehicle type.

Inportantly, these inprovenents were derived froma nodest market
penetration analysis, 15% of AM peak VMI or 3.28% of total AM peak
vehicle trips. On a daily basis it is likely that air quality
i npacts woul d be substantially |arger than.the AM peak estinates
due to travel associated with battery onlﬁ trip linkages throughout

the day that were not captured In the transportation nodel

analysis. The AMpeak air quality inprovements thus constitute a
cogseryatlve conputation of conplete daily nobile source pollution
reduction

An econom c eval uation of benefits to the SCAG regi on from such
increased air quality would require quantification of the primar

heal th benefits acconpanying this inprovenent. This type o

assessnent was beyond the scope of this study. A conplete health
benefit eval uation woul d, however, be nontrivial, and contain
inproved nortality and norbidity estimation, calculation of
decreased occurrence of respiratory infections and other illnesses,

reduced days of pollution disconforts, fewer work and other
activity absences, and decreased use of nedication for eye and
throat irritation, nausea, wheezing, and headaches. A nonetary
cal cul ati on of such reduced health expenditures would require
eval uations of personal exposure and dose-response relationships in
order to accurately quantify the health benefits fromair quality
i mprovenent (Kl einman, et al, 1989). Even the nost conprehensive
research efforts that performed health benefits analyses to date
for this region have acconplished only partial assessnents of these
nonetary reductions in damages to persons (Hall, et al, 1989,
SCAQWD, 1991).

In addition to health benefits, increased crop yields for produce
that is sensitive to ozone danage, Vvisibility inprovements and the
associ ated increased property values, reduced damage to I|ivestock

and decreased deterioration of materials, are further regiona

econom ¢ benefits that would be associated with air quality
I mprovenent (SCAQVD, 1991). Again, existing nonetary estimates
fromthese air quality inﬁrovenents are inconplete, and therefore
of fer underestimtes of these econom c benefits (SCAQWD, 1991).
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For illustrative purposes, average annual benefits corresponding to
i mpl ementing the 1991 A for the South Coast Air Basin (SCAB)
region were estimated by SCAQWD to be $6.113 billion (1987
dollars). This figure did not include 95% of the health benefits
nor complete crop yield and visibility benefits. As noted in this
study, the reported benefits calculations considerably understated
the total air quality benefits associated with AQW inpl ementati on.
In an earlier effort, Hall, et al (1989), estimated the benefits of
achieving the federal ozone and PMLO standards at $9.4 billion
annual Iy and $14.3 billion annually for complying with California
standards based on 1984-86 air quality data (1988 dollars) for the
SCAB regi on. These estimates support the nonetary significance
that may be attributed to air quality inprovenent for a small
Portlon of the conplete air quality benefits as would be the case
or the level of RPEV inplenentation described in this study.

In addition to the air quality benefits noted above, further
benefits associated with the inpact of inproved environnental
guallty may exist in the |abor market. Nurmer ous studi es have
enonstrated that areas that provide amenities, such as a clean
environment, cause mgration of workers and, subsequently, labor-
oriented firns to these areas (Gaves, 1979; Porell, 1982). This
phenomenon, that firns foll ow workers rather than workers follow ng
firms, may suggest inportant inplications for the SCAG region from
air quality inprovenments, such as those associated wth adoption of
the RPEV technol ogy. Further conprehensive research to investigate
the extent to which numerous changes in regional anenities, i.e.
air quality, congestion, crime, public service provision, cultural
activities, affect the growth in labor supply for this area would
be required to determ ne the magnitude of such air quality amenity
i nprovenents.

The benefits of reduced reliance on petrol eum consunption to fuel
the SCAG region's transportation system are a second primary
econom ¢ inpact associated with the application of the RPEV
technol ogy. The savings in daily petroleum consunption associated
with the RPEV scenario’ s market penetration is approxi mately 15%
Many of the benefits associated with reduced petrol eum dependency
occur at the national level, i.e. decreased mlitary expenditures
to protect oil production and transport facilities, reduced costs
of the Strategic Petrol eum Reserve and fuel subsidies (Deluchi, et
al, 1987). O her benefits, such as decreased production of
greenhouse gases associated with Petroleun1fue|ed vehicles are
experienced globally and are difficult to quantify. At the
regional level, it is Iikeky t hat decreased consunption of
petroleum fuels could provide further environnental qualitY
| nprovements in the area of water pollution reduction. Q

resi dues mxed with runoff from roadways during rain storns,
i nproper fuel storage and disposal leachate 1n groundwater
supplies, accidental conbustion and arson occurrences, and the

possibility of oil .spills related to the Southern California
coastal areas would tend to decrease with | ower petrol eum usage.
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Again, the nonetary valuation attached to these environnmenta
i nprovenents would be difficult to quantify, but would be of
significant magnitude.

Losses to regional economc sectors providing petroleum would
correspond to the reduced reliance on these fuel products. Jobs
associ ated with petrol eum industrr, i.e. petroleumrefining,

asoline sales, in the region wuuld tall as the shift toward clean
uel vehicles, such as the RPEV, increased. For the nodest intro-
duction of the RPEV technology in this study, it is unlikely that
the distributional inpacts on jobs and inconme in the petrol eum
rel ated sectors woul d experience significant declines. A nore
advanced stage of RPEV devel opment woul d, however, produce marked
reductions in these sectors.

A potential benefit for the RPEV scenario exists if efforts are
successful in the areas of manufacturing and conmercialization of
the RPEVs in the SCAGregion. Since it is assuned that RPEVs and
Evs Wi || Dbe devel oped sinultaneously, nost of the coments on this
subject pertain to both types of electric vehicles. Such devel op-
ments woul d necessitate provision of conplete production systens
that would integrate local industries, service centers, and
training and research facilities toward building an industrial base
for the emergence of this technology. Localization economes could
be fostered by clustering firns wthin the RPEV/EV industry in the
SCAG region S0 as to capture scale economes in the production of
intermediate inputs, |abor narket econom es, and conmmunication
economi es. Such localization economes, i.e. parts fabrication

| ow worker job search costs, information exchanges, would enable
firmcosts to decrease as overall industry production increased.
This type of nurturing environnent would be crucial to stinulating
introduction of the RPEV technol ogy. Production and servicing
RPEV/Evs Within the region could generate local nultiplied inpacts
on jobs and income as well as provide Possible export rmultiplier
i npacts for the regional econony i mar ket demand for the
t echnol ogy spread to other areas.

In a recent research effort, Mrales and Storper, et al (1991),
investigated the prospects and policies for pure electric vehicle
manuf acture and usage in the Southern California area. This study
identifies several regional characteristics that offer promse for
the devel opment of electric vehicles which would apply to RPEVs as
well. Prominent in this regard are the existing skilled workers in
the autonotive and aerospace industries that could play a crucial
role in transitioning growmh from these declining technol ogy
sectors to new regional electric vehicle opportunities. The large
concentration of scientific, technical, and nmanagerial expertise
found throughout the SCAG region would play an inportant part in
the creation of industrial capability for such market advancenent.
The regional awareness of the need for supportive financial, public
policy, and conplenmentary infrastructure availability would
additionally assist in pronoting these capabilities.
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The electricity demand associated with the RPEV scenario, 12,440
mvh/ day, for on and off roadway charging would provide increased
revenues to the utilities. These revenues woul d depend on the
ownershi p and financing mechani sns associated with the powered
roadway, and the rates paid by users for on and off roadway
charging. The REM nodel estinmated revenues of $212.6 million per
year when the RPEV scenario's market penetration of users was
achi eved. This estimate was based on the retail energy rate of
$.294 $/kwh that assured a cunulative revenue and cost breakeven in
year 25 for the RPEV system This rate is approximately three
tinmes |larger than the whol esale energy rate, $.093/kwh, since it
accounts for all system costs, wholesale energy, r oadway
construction and operation, and deficit financing. On roadway
charging was associated with 46.5% of the vehicle mles traveled by
the RPEVs. Therefore, significant additional electricity revenues
Vould accrue to the utilities fromoff roadway charging al beit at
ower rates.

The increased electricity demand was not assuned to require
additional power plant capacity given the nodest market penetration
and anal ysis of plant capacity utilization relative to the 2025
baseline. Continued growth in the usage of RPEVs would ultinately
require new plant capacity. Cunul ative profits that grow after
year 25 could, however, be allocated to offset the costs of the
needed new capacity devel opnent.

The utility sector would experience income and job growth
associated with the RPEV scenario. To what degree such inpacts
emerge woul d depend on the rate structure adopted and subsequent
generated revenues. Secondary income and enployment opportunities
may also develop in the utility sector as research and devel opnent
opporﬁunities associated wth this technol ogy expand wth nmarket
growt h.

In the construction, mmintenance and vehicle servicing sectors, it
I's unclear to what degree enploynent and incone will change related
to the RPEV scenari o. It is nore likely that shifts in the
distribution of jobs and incone will occur as powered roadway
construction and RPEV usage devel op. \Wether new, different, or
fewer  construction, mai ntenance and vehicle servicing job
opportunities are provided nust be detern ned. Wiile it seens
reasonabl e to assunethatnew construction opportunities may enerPe
corresponding to building the powered roadway, it is conceivable
that these jobs'may replace construction work that would relate to
foregone transportation alternatives. The provision of new
expenditures for roadway electrification woul d be necessary to
properly assess enploynment and inconme inpacts on the construction
sector associated with the RPEV system Simlarly, although
mai nt enance and vehicle servicing are expected to be substantially
reduced by the RPEV/EV technology, workers may gain skills
necessary to provide assistance to RPEV/EV users, and/or acquire
different positions as part of a newy created RPEV/EV industry.
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| ncreased vehicle battery sales are an inportant benefit to
battery manufacturers throughout the region. Producers of ot her

RPEV parts, i.e. on-board controllers, inductive coupling systens,
on-board electronics, regenerative braking systems, as well as
firms specializing in powered roadway construction conponents, i.e.

core nmodul e fabrication, power conditioner nmanufacturing, roadwa
engi neering and installation, would also acquire revenues. To wha
extent such devel opnent occurs within the region is_the determning
factor in the inpact to the |ocal econony. The greater the
enpl oyment and i ncome opportunities fromsuch production in the
region, the greater the nultiplied inpacts on additional jobs and
i ncome |ocally.

H gher battery disposal costs may occur with growth in the market
penetration of RPEV/EVs. The extent to which these costs may be
recovered via carefully coordinated battery pricing, ownership and
recycling options would determne the overall inpact to the region
associated with battery disposal. I ntra-regional distributional
| npacts are nost likely to occur with possible gains to those
parties that determ ne marketable uses for recycled batteries, and

possible | osses to repeat batter% pur chasers. Overal | regiona
econom c inpacts would weigh the influences on all affected
parties.

The ability of the Southern California region to attract Federa
funding as well as new private capital outlays toward devel opment
of the RPEV system design would play an inportant part toward
capturing many of the significant inconme and enﬁloynent I mpacts
within the region. Thus, the degree to which such outside funding
is attracted to the project wll thus assist in the success of
I nprovi ng regi onal econom c grow h. Cearly, the capability to
design the proper incentives to stinulate increased RPEV/EV mar ket
penetration, to provide supportive public and industrial policies
to assist technol ogy developnent, and to build an integrated
support structure for mmintaining and servicing these new
technol ogi es, remain of tantamount inportance in the overal
determ nation of regional econom c inpacts. In the next section
suggested and prevalling mechani sns to encourage RPEV/EV system
devel opnent in these three areas are presented.

0.5 Policy Options for System I nplenmentation

As explained in Section 8.4 many of the primary benefits from
i mpl ement ation of an RPEV system concern societal inprovenents that
are difficult to nmeasure. | ncreased air quality and reduced
reliance on petroleum fuels, while inmportant goals, wWIll be
difficult to achieve if cost conparisons between roadway powered
vehicles, as well as battery only electric vehicles, and
conventional petroleum fueled vehicles render RPEV/EVs |essS
affordable. Additional regional economc benefits concomtant with
devel opnent of these new technology vehicles in the Southern
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California area are also subject to provision of a conprehensive
t echnol ogi cal base in the area in order to capture these signi-
ficant nonetary benefits locally. Policy efforts to inplenent an
RPEV system thus necessitate coordinated planning and nmanagenent
efforts that address market penetration, continued technol ogy
devel opnent, and support service dinmensions of system inple-
mentation sinmultaneously in order to capture maxi mum regi onal
benefits. Mobi l'i zation of [ocal collaborations consisting of
I ndustry, gover nment, uni versity, and ot her Institutiona
participant expertise would thus be a first step toward system
devel opnent .

Policies to Increase RPEV/EV Market Penetration

On the consuner front, policies to allow RPEV/EVs t0o conpete
favorably with ICEs nmust be designed to reduce disparities that
exist in vehicle pricing, performance and acceptance via
devel opment of appropriate market incentives. It is not enough to
assert that RPEV/Evs provide or offer |ower fuel and naintenance
costs, and longer life in order to stinulate purchases of these
vehi cl es. It 1s not enough to denonstrate that an RPEV system
woul d of fset the Iimted range problemwith Evs. Nor are the
pervasive environnmental inprovenents that woul d be experienced by
all  menbers of society conpelling enough to enable market
penetration growth of the new technol ogy vehicles. Psychol ogical
obstacl es that exist concerning individual choice of relatively new
t echnol ogi es with perceived higher cost versus known technol ogi es
wi th established networks of servicing and costs can only be broken
with innovative, integrated, and supportive neasures.

Logi cal market incentives to advance RPEV/EV usage would include
various government subsidies to decrease user costs. These
subsidies would attenpt to equate life cycle costs across vehicle
choi ces. As shown in Table 8.2, the conparison of the RPEV and
gasol ine vehicle private costs indicated a slight cost advantage to
gasol i ne vehicle users. Qur analysis examned the effect of
governnment subsi di zati on of powered roadway construction and
denonstrated that this type of assistance would narrow the cost
di fferences between the two vehicles studied, i.e. the RPEV cents
per mle life cycle costs decreased from 29.03 to 26.14, conparing
nore closely with the gasoline vehicle's 24.88 cents per mle.

Additional sensitivity analyses performed with the NSD nodel showed
that subsidizing battery cost, elimnating fuel taxes for RPEVs and
| oweri ng ener%y costs would additionally inprove the RPEV |ife
cycle cost Bro ile relative to the gasoline vehicle. For a fully
subsi di zed battery cost scenario, life cycle RPEV costs decreased
to 26.77 cents per nile. Subsidizing half of the battery generated
a 27.90 cents per mle estimate for the RPEV relative to baseline
condi tions. thout RPEV fuel taxes, the NSD nodel produced 28.32
cents per mle, and 28.68 cents per mle RPEV life cycle costs.
Decreasi ng whol esal e energy costs with a $.02/kwh subsidy slightly
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reduced RPEV user costs to 28.21 cents per mle relative to the
baseline. These cents per mle results, while conprehensive in
scope, may be difficult to convey in a vehicle marketing strategy.
Furthernmore, as denonstrated by the cents per mle sensitivities
conpi | ed, the subsidy-induced changes in cents per mle RPEV life
cycle user costs are very subtle.

Targeting the nost noticeable vehicle user costs for governnent
subsi di zation may produce greater RPEV/EV marketing advantages than
drawing vehicle buyer attention to cents per mle vehicle
di fferences. For exanple, subsidizing vehicle capital costs and
supporting |low cost battery |easing prograns may generate nore
i medi ate and effective consuner responses. Conpanion tax credits,

subsidized car loan interest rates, renoval of |icensing and/or
registration fees, reduced auto insurance, preferential parking,

and energy cost limts to RPEV/EV purchasers would also stinulate
market growth.  Inproving car dealer sales and maintenance
circunstances, i.e. regional service centers, Wwth respect to
of fering the new technol ogy vehicles may al so enabl e cost savings
to be passed onto the consumer. In conjunction wth disincentives
for owning and operating gasoline vehicles, i.e. higher gasoline
taxes, penalties for vehicles failing to neet transitional |ow
em ssion standards, em ssion fees, the cost differences between
these vehicle types could be elininated, or possibly turned to the
advantage of the RPEV/EV purchaser. Again, the market incentives
sel ected nust include mechani snms directed at the nore substanti al

and tangi bl e vehicle cost differences in order to achieve the
broadest consuner appeal .

Wth respect to stimulating RPEV/EV nmarket penetration by
busi nesses, additional market incentives in the form of business
tax credits, low interest |loans, and/or nobile emssion offsets
coul d be desi gned. Tax credits mght be offered on corporate
i ncone taxes for each vehicle purchased, wth added discounts for
large fleet orders. Such credits would assist in reducing the cost
differences to these enterprises from acquiring the new technol ogy
vehicles instead of conventional vehicles. Di si ncentives for
conpanies that delay fleet conversions could be captured in higher
vehicle registration and |icensing fees for exanple.

Governnment fleet purchases of RPEV/EVs woul d al so assist market
penetration of these vehicles. Cost subsidization to allow these
vehicles to conpete on favorable terns with gasoline vehicles, as
suggested above, would apply to these acquisitions as well.
Purchase price cost discounts may be justifiable for large fleet
orders for government operations as the postal service, and other
routine field work. A notion to this effect was approved on
December 8, 1989 by the Los Angeles Gty Council to support state
| egi slation to subsidize governnent agency purchase of electric
vehicles and installation of electrified transportation systens in
non-attai nment areas-, and waive state sales tax and registration
fees for electric vehicle purchasers. Such efforts are inportant
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inincreasing the visibility of these vehicles toward stinmnulating
greater market demand.

Legi sl ation requiring the market penetration of clean fuel vehicles
may enabl e RPEV/EV devel opnent to proceed nore rapidly. Recent
anendnments to the 1991 Clean Air Act stipulate that additions to
vehicle fleets, such as taxis and delivery vans, in CO and ozone
non-attai nment areas consist of 30% cl ean-fueled vehicles from 1998
with an increase to 70% by 2000. |In addition, for California these
anmendment s require 150,000 cl ean-fuel ed vehicles sales for 1996 -
1998 autonobiles rising to 300,000 per year after that period.
California Air Resources Board policy mandated that 2% per year of

each autonobile mnufacturer's Iight duty vehicle sales in
California be zero em ssion vehicles beginning in 1998 and
increasing to 10% of yearly sales by 20083. At present only

RPEV/Evs are capable of nmneeting the zero enmission vehicle
classification.

These regul ations are further conplenented by the South Coast Ar
Qual ity Managenent District's Proposed Rul e 1601t hatwoul d require
operators of fleets of 15 or nore passenger or |ight duty vehicles
to phase in use of ULEVs, LEVs and TLEVs to conmence July 1, 1993,
Conpared to the CARB supply mandate, the scagMD’s adoption of Rule
1601woul d in effect place demand requirements on likely clean fuel
vehicle niche markets. Unfortunately, several federal |egislative
efforts that would have offered inpetus toward achieving the
Districts' demand goals by supporting comrercialization of clean
fuel vehicles with cost sharing plans and investment tax credits,
died in session. The recently introduced, SB 1113 is a new attenpt
to foster commercialization of |ow em ssion vehicles by acquiring
funds via a $50 surcharge on inported new cars and |ight duty truck
pur chases.

At the local level Councilwoman Ruth Galanter has drafted a
resol ution requesting the Los Angel es County Board of Supervisors
to utilize their authority under Section 9250.11 of the Vehicle
Code to increase vehicle registration fees by $1 to fund air
qual ity inprovenents. Such fee revenues could be redirected toward
purchasers of clean fuel vehicles, particularly RPEVs or Evs.

Suppo EV/EV Development

Due to the early stage of devel opnent of both the EV as well as
RPEV industry, and the |ikelihood that these technologies wl|
devel op together, suggested policies to stinulate industrial
devel opnment throughout this section are assumed to pertain to both
vehicle types unless additional qualifications are provided. Many
of the points suggested here were drawn from the UCLA Lew s
Center's report @Prospects for Alternative Fuel Vehicle Use and
Production in Southern California" (Mrales and Storper, et al,
1991) that focused on EV devel opnent.
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Recognition of the multitude of ongoing research and devel opnent
efforts in the EV arena as essential prerequisites to successfu
RPEV industry growmh are summarized first. These ongoing actions

i ncl ude:

t he Departnment of Energ 's_(DCE% el ectric and hybrid
vehicle program that enphasizes battery and propul sion
systens devel opnent,

Congressi onal authorization of credits toward Corporate
Average Fuel Econony (CAFE) requirenents for businesses
produci ng alternative fuel vehicles,

California Electric Vehicle Task Force (CEVTF) efforts
toward commercialization of electric vehicle technol ogy,

the Electric Power Research Institute's (EPRI)
conpr ehensi ve program that includes testing and |ong-term
battery devel opment,

state aid for technol ogy transfer and comercialization
of new products via the California Conpetitive Technol ogy
Program

passage of t he Ener gy Ef ficiency Technol ogy
Conpetitiveness Act of 1989 that assists in establishing
joint ventures to commercialize renewabl e-energy an

energy efficient technologies,

South Coast Air Quality Managenent District's (SCAQVD)
aut hori zation of a five year Cean Fuels Programto
advance alternative fuels research

the L.A Initiative introduced by Los Angel es Council man
Marvin Braude and supported by Los Angel es Departnent of
Water and Power (LADWP) and Southern California Edison
(SCE) for devel opment and sale of at |east 5,000 electric
vans and 5,000 electric passenger cars by 1995,

the Playa Vista RPEV denonstration project near LAX (see
Chapter 9),

formation of the U S. Advanced Battery Consortium (Ford,
GN% and Chrysler) to devel op advanced battery technol ogy,
an

RPEV/EV research conducted at the Partners for Advanced
Transit and H ghways §PATH), Institute of Transportation
Studies, University of California, Berkeley, UC - Davis,
Law ence Berkel ey Laboratory, Lawrence Livermore National
Laboratory, and the California Institute for Energy
Ef ficiency.
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The variety and enduring nature of this work is crucial as part of
an overall RPEV/EV industrialization policy.

| ndustri al policy initiatives should focus on an early start for
t he RPEV/EV devel opment that blends public and private energies.

Acknow edgnment of the diverse technol ogy needs and the initial
smal | scale or production nust prevail throughout the decision-
maki ng process. Creation of policy initiatives to recover the cost
of early investnents in RPEV/EV commercialization, as well as
support through the infant industry period, should nove quickly.

Some, but not all of these policies should entail transitioning
conventional vehicles to RPEV/Evs, i.e. support of vehicle
conversions sinmlar to the LA initiative. Development of policies
for purpose-built, or newly designed, vehicles nmust be forwarded
with even greater effort since these vehicles are nore efficient in
design and perfornmance relative to conversions.

Whether small scale specialty manufacturers (as in the LA
initiative) of |arge automakers produce the vehicles, both producer
groups will need to rely on a riad of internediate parts

suppliers and subcontractors in the early stages of industry
growth.  Choosing an area which can be utilized to integrate a
production phases in close proximty is crucial to enable |ocation

economes, 1.e. lower transportation costs, access to a |large poo
of personnel, information exchanges, and creation of a comunity
spirit toward the industry. Job, investment, and property tax

credits, relocation assistance, and coordinated |and use nmeasures
to insure availability of reasonable cost sites, are a reconmended

policy entre. Wiere possible |ocation advantages should be
exploited with respect to abandoned and/or underutilized plants in
existing industrial corridors, i.e. south of downtown LA between

the 110 and 605 freeways. Further, careful scrutiny of flows of
inputs and outputs between relevant econom c sectors should
generate further evidence of where |ocational economes may be
expl oi tabl e.

Southern California offers one of the worlds largest
concentrations of engineering, technological, scientific, and
manageri al personnel. This fact coupled with the abundance of blue
collar workers in auto and aerospace woul d offer the type of multi-
tiered | abor force necessary to RPEV/EV industrialization. = Gven
current declines in the defense and aerospace industries in
Southern California, weaving the plentiful su%ply of avail abl e
t echnol ogy-oriented workers into the fabric of new technol ogy
devel opment is a necessary and chal |l engi ng opportunity. Under
Public Law 101.510 Title I X, a planning grant to devel op economc
adjustment plans to reduce the inpacts from defense industry
downsi zi ng m ght be pursued for use in retooling aerospace and
def ense workers for RPEV/EV producti on. Programs to train these
workers may al so be integrated into the curricula at the California
Community Colleges, California State Universities, and University
of California. Coordinated and speedy noves to train these workers
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for new positions is inportant to preserve and maintain Southern
California's |abor supply.

Clearly financial ability for firms to undertake RPEV/EV
devel opnent nust be nmade attractive in order to insure an early

start toward the industrialization goal. Federal assistance
directed toward lending policies that encourage financial
institutions to nmake “patient" |oans, i.e. lending not dependent on

high, short-termreturns), for public and private participants
woul d be necessary.

RPEV upport

The requirement for a carefully conceived, integrated RPEV/EV
systemis fundanental to achieving regional economc growh and
maxi mum overall econom c benefits linked to this technology. In
this regard, four recommendations of the UCLA Lewi s Center report
are noteworthy and are nodified to include the RPEV technol ogy.
These suggestions are:

. Formal i zation of a Southern California Industrial Liaison
Goup to define research priorities, cooperative
procedures, and tasks,

. Coordination of the |iaison ?(oup's work with the
California Institute in order to link Southern California
efforts to strategic state planning,

. | ncorporation of a regional R&D consortiumfor RPEV/EV
technology, referred to as the California Regional
Capi tal Manufacturing and Technol ogy Corporation, and

. Provision of financial assistance for technol ogy
devel opnent, manufacturing inplenentation, and ongoing
noder ni zation and innovation of RPEV/EV devel opnents.

These recomendations as well as the detailed denonstration
suggestions given in Chapter 9 would strengthen the region's
overal|l econom c status and provide a worthwhile opportunity to
satisfy local enployment, air quality, and fossil fue energy usage
concerns sinultaneously. At a tine when industrial rebuilding and
transitioning options are being discussed at every |evel of
government nationwide, the ability for the Southern California
region to utilize its labor, capital, and material resources to
pronbote an inprovenent in the quality of life for nost of its
residents with these new technologies is certainly a w ndow of
opportunity that should not be dismssed lightly.
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9.0 DEMONSTRATI ON OPPORTUNI TI ES FOR ELECTRI FI CATI ON

| dentification of denonstration og ortunities for applying the
roadway powered electric vehicle (R é%? concept needs to address a
wi de array of subjects, including: ype of vehicle(s); powered
roadway considerations; nechanisn(s) for roadway electric power
cost recovery; type of denonstration (ie. freeway, arterial,
special characterization); location of denonstration opportunity;
continuing technol ogy R&D;, and, market penetration. Choosi ng
denonstration opportunities nust be done carefully, taking into
consi deration recent devel opments and likely future possibilities.

9.1 | DENTI FI CATI ON OF SPECI FI C APPLI CATI ONS

Various types of applications exist for denonstrating the RPEV
technol ogy. The following list of applications have been suggested
b% the consultant, H R Ross Industries, Inc., who has done work in
the area of roadway el ectrification technol ogy applications for
several years:

0 in a local application on arterial or |ocal
streets.

0 in a local activity center application on an
arterial highmay(sL. _

0 in a freeway igh occupancy vehicle (HOV)
application.

0 in a freeway setting (single or multiple freeway
segments) .

lacal Application on Arterial oOr Ioc egetpg

Devel opnent of denonstration opportunities on arterial or |oca

streets has the potential for applying the technology in . a
si tuation where both static and dynamc charging is possible. This
type of denonstration would lend itself to the traditional urban
transit bus ora multiple occupant vehicle (MV). The MW is an
advanced concept public transportation vehicle. Its distinguishing
characteristics include:

0 Electric propulsion using roadway  power, W th
"opportunity chargi ng® at |ayovers and stops.

Two- conpart ment passenger nodul e (15 passenger total).
Two entry doors (one per conpartnent).

Low fl oor design allow ng for easy handi capped access.
Automatic |ateral guidance for |ane centering.

El ectronic coupling of up to 3 vehicle platoons.

o O o o o

In the follow ng denonstration discussions, this %pplicatiqn is
suggested for the Test vcaDamenstration and lava Vista
Denonstrati on.
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Application of the technology on arterial highways servin% a maj or
activity center (like the playa Vista Ofice Center near the Mrina
Del Rey section of Los Angeles, Los Angeles International Airport
or the Anahei m area (Orange County) around the Conventiaon Center,

Stadi um and Disneyland)  w Il al'so provide opportunities for
denonstrating both static and dynamic charging of vehicles. This
type of denonstration could involve a range of vehicles (buses,

MOVs, mni vans and autonobiles). In the Tollow ng denmonstration
di scussions, this application is utilized in the Pilot Scale

51pNe)e'p ear-—

Mio) o= 32

Free

Application of the technology on a high occupancy vehicle | ane of
a freeway has a variety of potential applications in southern

California. Dynam ¢ charging would be used on this type of
facility. The HOV facility could accommpdate buses, Movs, full
size vans, mni-vans or mnulti occupant autonobiles. I'n the

fol l owing denonstration discussions, this application is utilized

— TR W ek oy b3t 8o H
IRV RYIIER LTI R"P YR LI W "RA TR T B m— fhall) ghe

in Sinqgle Multiple Seaments) Application

The application of the RPEV in a single or nultiple segment freeway
denmonstration is essential if the technology is to be ultimtely

extended to regional or statew de freeway networks. Dynam €
charging would also be used for a freeway application. Al
previously noted vehicle types, including sone types of trucks,
could wutilize RPEV freeway segnents. In “the follow ng
denonstration discussions, this application is utilized in the
ional Denpnstration—oIrm—Regional—Altefnatiive ll'll‘
freewav Peronstras'd b | | |t v a rosefl West erin Nat i ppab

Transportation Research and Development Center.

9.2 PLAYA VISTA RPEV TESTI NG AND DEMONSTRATI ON STUDY

Backar ound

In 1989 work began on the crafting of an RPEV_testing. and
dermonstration study in Southern California. The princi pal
objective was to nove the RPEV from the |aboratory at Richnond
Field Station, to a site closer to the people and to an envikgnnent
where ultimately the concept could becone a reality. gurre
Thomas Partners, owners and devel opers of a proposed |arge scale
devel opnent in Los Angel es/Los Angel es County, offered a build%ﬂg
and roadway on their site to denonstrate the RPEV concept.

Playa Vista site is |located west of the | 405 freeway and about 2
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mles due north of Los Angeles International Airport (See site
location map). Its high visibility location is well situated as a
junmping off point for subsequent RPEV applications.

Phase | of the Playa Vista project started in January 1990 with a

commtnent of $2.0 mllion, equally divided between Southern
California Edison (Edison) and the City of Los Angeles, Departnent
of Water and Power (DWP). This phase was to consist of the

construction of an 1,100 foot powered roadway; a power conditioner
and distribution system adaptation of 2 electric Gvans with RPEV
technology; and, conversion of an old hangar building to
accommodate project offices, shops, Iaborato”y, conference space,
public display area, and a staging area for subsequent site
devel opnent . Edi son and DWP contracted with HR Ross | ndustries,
Inc. for a $2.0 million contract to conplete the Phase | work.
Ross in turn contracted with other suppliers for necessary work,
I ncl udi ng: I nfrastructure design and constructi on nmanagenent
(Bedﬂel?; t echnol ogy devel opnent (Systens Control Technol ogy,
Inc.); and, vehicle and industrial design support (Designmorksg.

In June 1990, the Phase | effort was changed to focus on R&D
acti vi E?FVTFE ted to solvin% acoustic noise and el ectromagnetic
field probl ens that had been encountered at the PATH Ri chnond
Field Station Test facility. Funds were redirected to a one-year
research, redesign, testing and prototyping effort to solve the
noi se and EMF problenms. The principal design changes involved
i ncreasing the roadway excitation frequency from 400 Hz to 8, 500
Hz; reduction in roadway current from 1,200 anps to 240 anps; and,

installation of field cancellation windings in the roadway
inductor, to further reduce EMF strengths in the immediate
vicinity.

The refocused efforts resulted in a new design for the powered
roadway, power S%Q?Ly and test vehicle inductive(fickup and power
el ectronics. A oot section of a totally redesigned powered
roadway segnent was build at Richnond Field Station to test power
coupling. A nultiple unit experimental power supply was purchased
and installed at the Richnond site. Wile not capable of full
power coupling for the Gvan, the unit could either produce ful

current or full voltage, but not both at the same tinme. A totally
redesi gned power nodule and rel ated power electronics was installed
in a Gvan supplied by the Electric Power Research Institute
t hrough Southern California Edison. The power nodul e design was an
expedi ent attenpt to adapt the technology to an existing vehicle,

wi thout nmmjor structural changes.  Power coupling tests were
carried out at the Ri chnpbn facility, and noise and EM
measurenents were made on a linited scale. Detailing of the

redesi gn work and subsequent testing are set forth in "Playa Vista
Roa%may Powered Electric Vehicle Project Summary Report" (July
1991).
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Test results substantiate that the initial noise and EMF probl ens
were elimnated by the redesign work. Vehicle interior noise was
reduced from about 70 DBA to 40 dapBA, or |ess hardl¥ percepti bl e)
and vehicle interior EMFs, which ranged from 20 mlligauss to 300
mlligauss with the old design, were reduced to 1 to 3 mlligauss
under the new design. These nunbers should be viewed as
prelimnary and additional testing, at various |ocations within the
vehicle, wll be needed. Wayside EMFs at 50 £t from the centerline
dropped to less than 1 mlligauss. These |levels are below those
experienced in the typical home or work environment. The results
denmonstrate that a substantial advancement in the technol ogy has
resulted from the redesign efforts.

Wiile the redesign and testing was occurring, as previously
described, work continued on other aspects of the Phase | effort.
The design of the playa Vista facility was conpleted, including:
construction draMAnﬁs and specifications, and the obtaining of bids
for constructing the roadway and support building. Subst anti al
effort was undertaken to secure funding for execution of Phase ||
A proposed restructuring of project sponsorship would transfer
program responsi bilities from Edison and DW to Caltrans. Q her
efforts were undertaken to help guide the restructuring of the R&D
plans, for Phase Il and subsequent phases.

Current Status and Future Pl ans

The one-year Playa Vista R&D effort resulted in significant
i mprovenents to the RPEV technology. A total of $1.6 mllion in
Phase | funds have been expended, $1.0 million of which was spent
on redesign and testing. One prototype vehicle (an adapted
electric Gvan) has been built; a short section of redesigned
powered roadway was installed; a high frequency power supply was
groqured; and, initial testing has taken place at R chnond Field
tation.

The vehicle noise |evel has been substantially reduced and the EMF
problem for both the vehicle and wayside, has been virtually
elimnated. Roadway currents are much less, thus resistance |osses
have been significantly reduced. Power coupling with the Gvan is
about 10 to 20 percent nore efficient than with the original bus at
Ri chnmond. The pickup and controller for the van are nore efficient
than for the bus. Moreover, the van is smaller and |ighter than
the bus even after accounting for the reduction in the output power
rating for the van relative to the bus. The van is also quieter
than the bus.

Edi son and DWP have pulled back from their initial high |evel
i nvol venent in the Playa Vista Project. They have stated that
"RPEV technology is still in its technological infancy and would
benefit from additional |aboratory-scale development”.” They have
deci ded to co-fund $100,000 in additional technological research at
Ri chrond. This research involved further testing of the G van
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el ectronics, power conditioner and other related efforts.
Specifically, testing characterized the performance of both the
PATH bus and the Playa Vista electric Gvan; analyzed alternative
frequencies to further reduce or elimnate acoustic noise; and
i dentified and defined technol ogy devel opnent issues to hel
evaluate the technical and econonic feasibility of the RP
concept.

Playa ViSEa Phase IT & IIT Pemonstration Plan
Phase |1-A Late 1992-Mid 1994 ($1.5 million) -- This phase is

centered on design and construction of the initial test facility at
Playa Vista. This consists of testing and characterization of the
advanced high frequency inductive coupling devices at R chnmond
Field Station or other advanced energy transfer technol ogies. The
initial Gvan will undergo design changes and corrective neasures,
and the power electronics will be packaged for onboard control.
The following will be installed at the Playa Vista site: high
frequency power supply; 1,000 feet o powered roadway;
rehabilitating one bui | di ng for t he proj ect of fice,
shop/ | aboratory, vehicle storage and display area; and, repaving of
a staging area containing static charging strips for one vehicle.
Phase II-A will result in a first stage operational test facility,
and one operational vehicle which can be used to denonstrate the
technol ogi cal concept. No public denonstration will occur during
t his phase.

Phase I1-B, Md 1994-Mid 1995 (between $11.5 mllion and $14.0

mllion) -- This phase will parallel Phase |1-A and consists of the
design and building of up to four additional RPEV equipped
vehicles, including several or all of the follow ng: minivan,

autormobile, nultiple occupant vehicle (MW) and electric transit
bus.  The number of vehicles will be dependent on availability of
funding. One of the smaller vehicles may be built from the ground
up. Efforts are underway to collaborate with a major auto naker on
the design of one of the vehicles. In addition,” this phase wll
include: ~ installation of a high frequency power conditioner,

capabl e of switching under |oad; 2,000 feet” of second generation
powered roadway; and, additional shop, laboratory and office space
i mprovenents. During Phase | X-B research will be undertaken on the
foll ow ng technol ogical elenments: EMF and EMI effects; latera

gui dance; air gap control; energy storage, advanced on-board
control systens; and, roadway design and construction. Technica

studies will also be conducted involving network anal ysis, for
denonstration, denonstration planning and market penetration.

Fi nal |y, ?rogran1develo ment studies wll occur on advanced Phase
11 vehicle concepts, hase |I1 budget and funding plan, and a
pi l ot stage denmonstration at the Playa Vista site.

Phase IIl, Md-1995-1997, with the public denonstration extending
beyond that, perhaps for a three year period. (Budget projected to
be  about $24 million, however only a portion of this anount would
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go to the actual public denponstration). This phase will develop a
prototype operational electrified roadway network on a portion of
the Playa Vista site to denonstrate publicly the viability of the
RPEV concept. The plan is to build 5 nultiple occupant vehicles
(Movs) and several additional autonobile prototype vehicles to
operate on the internal roadway distribution network. An advanced
power supply will be developed that will be capable of powering a
freeway segnment. This power supply will be tested at Pplaya Vista.

Phase Il Funding Strategy -- Federal, state, regional and utility
funds are being sought in the amunt of $16.0 million to fully fund
Phases |1-A and | I-B. Possi bl e fundi ng sources i ncl ude: (1)

Federal Hi ghway Administration, (2) Federal Transit Adm nistration
3) Caltrans, (4) Los Angeles County Transportation Conm ssion, (4)
out h Coast Air CUaIi%y Managenent District, (5) Electric Power

Research Institute, and (6) the private sector

9.3 FREEWAY AND ARTERI AL DEMONSTRATI ON OPPORTUNI Tl ES

Java ) ) m | £ . i | .
dapte esi

Depl oyment of the electrified roadway on alarge scale in either a
freeway orarterial application poses a nunber of questions that
require systemdefinition, analysis, engineering and economc
studies for purposes of understanding the characteristics of the
powered roadway systemto be inplenented. Deployment also requires
staged denonstrafion of the system starting with a very sinple
network with only afew vehicles, advancing progressively to nore
conpl ex networks where hundreds or thousands of vehicles can use
the powered roadway, and where the stated objective is to get a
critical mass of denonstration, such that economc feasibility can
be assessed and public policy decisions _nmade as _to regional and
state denpnstration of the system The critical factors in
econonic feasibility relate principally to market penetration
rates, ie., for agiven network density, ~how many of the vehicles
are freely purchased as a consuner product, and the capital and
$ﬁerat|ng costs of the powered roadway infrastructure and vehicl es.

e Phase || studies are ained at providing answersto the above
questi ons.
Network Analysis
The network analysis will be centered on the various stages  of
denonstration envisaged, starting with the sinplest networks wth
no public denonstration on the Playa Vista site, leading to a

| ogical pilot scale denonstration in the environs of the site, and
to a subregional denmonstration that will represent acritical mass
of system depl oynment . It will be extended to consider the
paraneters of a regional network, using the current study by the

Southern California Association of Governments (SCAG as a point of
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departure. In the last case the principal focus will be on market
penetration nodeling for various densities, and assessnments of
economc feasibility.

The network analysis wll be directed at the conpl ex probl em of
threshold size for significant use, in which sonme balance is struck
between the static and dynam c charging, and between freeway and
other arterial use for maxi num effectiveness of the capital

investment. In sinple bus applications, for exanple the MOV system
envi saged for the Playa Vista site and its environs, "opportunity
charging" ie., static charging when the vehicle is at rest, will be
an inportant consideration in economc practicality. 1In this case
the network will be very sinple, only two or three mles in extent,

perhaps ten tines the initial test facility length, and consisting
of a good bit of static charging. For the pilot scale
installation, the target is to have an initial fleet of 500
vehicles, where the objective is to determ ne the optinum network
that can serve a preselected user group involving nostly private
aut onobiles, but also sone fleet vehicles with zonal operating
characteristics. On a subregional systemthe goal would be to have
a large zone, perhaps 50 square mles (1 to 2 percent of the
southern California region), where the network density is
representative of that which would be used on a full scale system

with sone optional mxture of static, non freeway arterial and
freeway system In this case the network analysis will consist of

sinmul ation and system engineering to determne this mx and the
consequences of greater or |esser density of usage and market

potential. The subregional network analysis may take advantage of
t he SCAG nodel s devel oped and applied on the current regional
st udy. In all cases the network analysis wll be used as a too

for denonstration planning and definition

Denmonstration Pl anni ng

At this point in time, plans for denonstration of the roadway
powered electric vehicle system at the Playa Vista site and
environs are nostly conceptual. The purpose of the Phase Il effort
in this area is to flesh out the concepts in terns of: the
objective of the denpnstration, sites, network scale, power
distribution systemrequired, number and types of vehicles,

ownership plan (test vehicles, public, lease of private vehicles,

or purchase), costs of deployment, schedule and institutional
arrangenments. The four levels of denonstration described below are
progressively larger, nore costly, further away in tine, and nore
conjectural .

Test Facility Denopnstration. In Phase Il up to 6
vehicles are proposed to be devel oped for the powered
roadway, ranging from a full size transit bus (or
articulated bus), to the multiple occupancy vehicle
(Mov) , on down to G vans, TE-vans, and the private
aut onobile. The Phase |1-A powered roadway w || be about
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1,000 £t., located in a controlled access right of MBY;
in Phase 11-B this will be extended to approxinately
2,000 ft. The powered roadway will also include various
static charging segnents to experiment with opportunity

char gi ng. Power supplies appropriate to these test
facilitres will also be installed. A though no "public
denmonstration@ is planned, these vehicles wll be

repeatedly denonstrated to visitors_havin? an interest in
t he technol ogy. The object of this effort will be to
convincingly show that the technology is practical for
both public transit, at low risk, and as a consuner
product represented by the private autonobile.

The princi pal Planning tasks for this level of
denmonstration will soon be underway. In addition to this
work, a denonstration plan will be devel oped in the Phase
I1-A work to specify the nature of this activity, which
will begin to get underway as soon as the first vehicles
are ready and the first stage powered roadway is
operational. The tine frane for Phase Il is Late 1992-
1995 inclusive; however denonstrations as defined above
wi ||l continue beyond that time period.

Plava Vista Denpnstration, Magui re Thonmas Partners has
indicated its willingness to consider use of the Playa
Vista site for denonstration of the roadway powered
el ectric vehicle system The intention of this effort is
to put a network on the permanent roadway system that
mght be 2 to 4 mles in extent, ie., about 10 tines the
scale of the test facilities. This is envisioned as part
of the R&D effort in Phase IIl.  This assunes that
Magui re Thomas Partners is satisfied that the system
proposed has no renaining technical problens, or high
probability of failure, or would otherw se detract from
normal use of the public roadway system The expectation
is that the test facilities In Phase Il wll provide
evidence that will satisfy Maguire Thomas Partners; the
contingency plan would be to seek an alternative site.

The vehicles for the Phase Il public denmonstration wll
be of the second generation Movs. Operation would be at
low to noderate speeds, and service will be initially
confined to the site. These vehicles will serve
essentially local trips during this part of the
demonstration. Although several other vehicles will be

designed and tested in Phase IIl, the intention is to use
only the Movs for denonstration, The costs of the
dendbnstration will be borne by the project. Al though
experiments on electronic coupling and pl atooni ng of UP
to 3 of the Movs is planned for Phase IIl, this type o

operation is not enconpassed in the public denonstration.
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Phase Ill has a time frame of Md 1995-1997, however, the
actual public denonstration will extend beyond that.

The planning tasks associated with the Phase Il public
denonstration are to define, in collaboration with
Magui re Thomas Partners, the location of the powered
segnents (both static and dynamc), the routes to be
served, the stops, and the characteristics of the Movs to
be used. The network analysis described previously wll
i ncl ude operational sinulation and optim zation for the
systemto be denonstrated. Pl anning efforts include a
deriving a <cost estimate and schedule for the
installation planned, a definition of objectives, and a
specification of the scope and tinme franme for the
dermonstration beyond Phase IIl. The original Phase Il
cost was projected to be in the $20 to $30 mllion range,

however, only a portion of this would go to the actua

public denonstration. No estinmates have been made of the
nunmber of vehicles during this phase.

i1 © Scale Denonstration. The first extension of the
t echnol ogy beyond the confines of the Playa Vista site,
and enconpassing private vehicles as well as Movs, is
referred to as a "pilot scal e demonstration®. |t m ght
i nclude about 25 lane mles of powered roadway, and is
envi saged as a non-freeway arterial installation (e.
Sepul veda Blvd., Lincoln Blvd. and Santa Monica BIvd.?;
thus it mght consist of a roughlg rectangul ar | oop
serving the playa Vista site on the south and Santa
Monica on the North, although at this time the plan is
only conceptual. The objective of the pilot scale
installation is to provide a network of sufficient extent
that 500 to 1,000 private vehicles, |leased to selected
users, can effectively use it in conjunction Wwth
strategically located static charging. It may include
fleet vehicles (mni vans) that have a zone of operation
where the arterials formthe main routes, for exanple
mai | or other delivery vehicles. It may include an
expanded MOV fl eet. wever, the goal is to begin to
commerci alize the technology for the autonobile by
denonstrating a fleet of sufficient size and a powered
roadway of sufficient |ength that economes of scale wll
come into play.

The cost of the pilot scale denonstration is expected to

be on the order of $65 nmillion. It would be designed and
specified in 1996 and executed in the 1997-1998 peri od.
Subregional Denmonstration. The final stage of
denonstration prior to areawide deploynent is referred to
as "sub regional", signifying that it will occupy an area

in the Southern California urbanized region of perhaps 50
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square mles and possibly one-half to 1 mllion
popul ati on. An exanple of such a system could be the
west side of Los Angeles with Santa Mnica and West Los
Angeles on the north and Los Angeles International
Airport and El Segundo on the south, enconpassing
segnents of 1-405 and 1-10 about 10 miles and 5 mles in
length. The objective is to install a network density on
the freeways and non-freeway arterials such that it is
representative of what would be deployed on a regiona
basis in the future, and assum ng success of previous
dermonstration stages.

The network envisaged woul d be 200 | ane m | es, havin% a
cost of approximately $500 nillion. It is assuned that
the vehicles would be produced by major autonobile
manuf acturers, and purchased by the public.

The subregional denonstration would be designed in Phase
11 for conpletion in1997, with construction in the
1998- 2000 period. The scale of the denonstration is such
that the vehicle market would be at |east 10,000 per year
and potentially Iarger.

A system such as this one configured as a dense electrified
network contained in a relatively snall area of the entire
SCAG region, however, raises concerns regarding its economc
feasibility. Prior to such a denonstration noving forward
woul d require market studies and other analyses and tests to
validate it feasibility.

bny—Possibilities Outlined inwh 2 Work

Two additional denonstration possibilities are outlined in the
Playa Vista work scope.

Thin Reaional Alterpative, As an alternative to the
previously detailed subregional denmonstration, a "thin"
regional network will be explored, in which the objective
woul d be to install enough powered roadway so that a trip
can be made anywhere in the region, for exanple one |ane
in each direction on |-5 over an 80 mle span, and one
| ane in each direction on |-10 over a simlar distance.
A%aln as inthe subregi onal network the goal would be to
obtain a few hundred | ane mles of powered roadway, and
maxi m ze the nunber of vehicles that could use it.

Near-Term Denonstration. In parallel with the
denonstrati ons described previously, which would take
place in the 1992-2000 period, many opportunities for
sinple effective denonstrations using buses or HOV
facilities may arise for which the technology is already
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avail able, or nearly available. Bus systens, whether
using the MOV under devel opnent, or full size electric
transit buses, may represent near-ternl%gportunltles to
di splay and denonstrate the technol ogy. anmples of this
include (1) shuttle bus systems in the vicinity of rax
traveling anong the airport termnals, hotels, rental car
agencies and long term parking facilities or (2) HOV
facilities. These kinds of opportunistic denonstrations
will be continuously |ooked for in parallel with the
staged denonstration described previously.

Meel hay FDeyaonstration Possibility

Before any widescal e depl oyment of the RPEV technology in a freeway
setting, the concept should be tested operat|onall¥ on a short
segment of the region's freema¥ network. A likely candidate
| ocation is the 2 nmle segnment of the Marina Freeway (State Route
90) from Cul ver Boulevard to Sl auson Avenue. This freeway segnent
is located in close proximty (essentially adjacent) to the Playa
Vista site. The Marina Freéway is a good candidate for initia

RPEV treatnment because of its relatively low traffic volumes (in
relation to other nearby freeway sections).  Construction of
elﬁﬁpr|ﬁ”ed | anes coul d take place with mninmal disruption to
traffic flow

Initially, one lane in each direction (about 4 |lane mles) should
be installed. Testing of RPEVs fromthe Playa Vista site on this
segnent shoul d occur over a period of at |east two years. Specific
tests of the inductive coupling system at freeway speeds should be
undert aken. Particular attention should be given to segnmented
power switching and the devel opnent and testing of the mechanism(s)

for recovering roadway electric energy costs. A nonitoring program
shoul d be designed to closely evaluate system use, operational

characteristics, problems and opportunities for subsequent
depl oyment of the technol ogy.

Another Freewiay DI -tion Opportunity

Anot her opportunity for denonstrating the RPEV technology in a
freeway setting deserves further investigation for its feasibility.

It woul d involve applying the technology to the 8 mle segnment of
the f-15 reversible freeway section in San Diego County that is
being utilized by PATH for denobnstrating the highway automation
technol ogy.

Demonstration ject
One proposal has been previously devel oped to denonstrate the
extension of roadway electrification technology to freeway speeds,
utilizing a limted access facilit% on which transit buses, vans or
other light duty vehicles could be denonstrated. A prelimnary
program description of a prototype busway electrification
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denonstration project_is contained in "H ghway Electrification and
Autonation -- Planning Inplications for Southern California",
Sout hern California Association of Governnents (Decenber 1984).
The project proposed a Phase | $500,000 1 year feasibility study,
with a multiphased effort over a period of about 8 years, to
electrify and provide certain automation capabilities on a
busway/HOV facility in the Los Angeles region. otal cost for the
program was estimated in the $70 to $80 mllion dollar range. The
initial system would enconpass 12 to 15 mles of electrified
roadway, 60 to 100 electric transit buses, and 100 to 200 electric
aut onobi l es or vans, all of which would be operated on a limted
access facility with some sem -automatic operation capabilities.

Alternative Sites

During Phase | of the proposed busway study at least 4 alternative

sites- will be examned for developnent of denonstration
opportunities.  The followng are three exanples of possible
denonstration sites:

Nane Length Description
El Monte Busway 11.25 m. East-west facility, existing,

Parallel to San Bernardino
Freeway, two |anes each way.

Sant a Ana Guideway 30.3mi . Sout heasterly from downt own LA
to Santa Ana, parallel to Santa
Ana Freeway, one |ane each way.

Har bor Guideway 11.36 m. Nort h-south from downtown LA to
Route 91 in wvicinity of
Gardena, parallel to Harbor
Freeway, one |ane each way.

Program Phases and Funding

The original concept of the project envisioned a 5 phase program
starting in Fy85 and ending in FY 92. This approach to phasing is
still valid, but the basic evaluation of vehicles and sonme of the
associ ated technical studies have currently been incorporated in
t he Playa Vista Project work plan. itis estimated that total

funding for this project would be approxinately $75 nillion. The
foll ow ng phasing plan and possi bl e funding sources are adapted
fromthe initial 1984 design
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Phase Year Possible Funding Sources

1 Research & Feasibility 1 Caltrans or Local Agency
2 Prototype Devel opnment 2-4 Caltrans, FTA, FHWA,

& Test EPRI / DOE
3 Engi neering & Specs. 5-6 FTA, FHWA, Caltrans, DCE
4 Construction & Fabrication 6-7 FTA, FHWA, Caltrans
5 Qperational Deno. 6-8 FTA, FHWA, Caltrans

This earlier report was prepared prior to any actual roadway
testing of the technology, and does not reflect the nost recent
research and devel opment of the technology as well as its economc
feasibility. However, a recently conpleted PATH project (Chira-
Chavala, et al 1992) at the Institute of Transportation Studies of
the University of California-Berkeley performed a case study of the
feasibility of |nPIenent|ng roadway- powered electric vehicle
t echnol ogy on the El-Mnte Busway.

The study's objective was to assess the feasibility of early
deﬁloynent of the RPEV technology in existing high-occupancy-
vehicle (HOV) facilities in California. Initially, functiona

requi renents of the RPEV system for the El-Mnte Busway were
specified. Six scenarios of possible electrification scales were
then defined for the feasibility evaluation. An inductive coupling
system desi gn was devel oped for this case study, including the
roadway inductor design, power conditioner and distribution system

the vehicle inductor design, and the vehicle itself. The inpact of
t he proposed systemon the utility industry was al so eval uat ed.

Finally, a plan for the public denonstration of the technology was
proposed. | npl ementation of the technology could occur in three
incremental phases. Phase | deronstration of the technol ogy could
start wth the inplementation of a Downtown Shuttle bus service
using static chargers exclusively. For Phase 11, this shuttle
service could be expanded fromthe CBD to the El-Mnte Busway
termnating at the El-Mnte Busway Termnal, using static chargers
exclusively. Phase Il would consist of inplenentation of dynamc
roadway el ectrification along the El-Mnte Busway.

Phase | could start as early as 1993 and be prepared for public
denonstration by 1995; activities in Phase Il could begin in 1995,
with a public dermonstration date in 1998. Finally, Phase Ill could
be initiated in 1996, with a public denonstration date in 2000

These aﬁproxinate denonstration dates include the time for needed
research to address technical uncertainties that remain.

The projected hardware cost, including hardware and installation,
but not the engineering, for inplementing the Downtown Shuttle bus
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service of Phase | would be approximately $4.0 mllion. The

i ncrenental hardware cost for Phase Il _is projected to range
between $2.7 mllion and $5.4 mllion. The incremental hardware
cost for Phase IIl is projected to be approximately $74 mllion

taking into account the fact that the acquisition of new electric
buses woul d nean that the transit agency will not have to replace
exi sting diesel buses when their service life expires. The tota
for the whole denonstration project would range between $80.7
mllion and $83.4 mllion

9.4 ONGO NG rRPEV RESEARCH NEEDS

Thr oughout the devel opnent of this study various questions have
been raised concerning the viability of the roadway powered
electric vehicle and its applicability in the urban environnent.
The follow ng sections contain a brief discussion of ongoing RPEV
research needs that should be pursued at the governnent,
university, transportation |aboratory and private sector |evels.

| Lal | : | |

Mar ket research surveys need to be conducted in the Los Angel es
area and any other area considering RPEVs or Evs. These surveys

should attenpt to quantify the public's wllingness to accept both
rrevs and  Evs. Design of the questions and supporting

docunentation of the strengths and weaknesses of both technol ogies
is of critical inportance. Results of these surveys can help to

refine assunptions used in the nodeling of RPEV market potentia
and system utilization.

Hiahwas Network Aabvsis idffd¥ent RPFV Network Confiaurations

Market Penetration Assumptions. Battery Ranaes, and Alternative
Spacings

Fur t her hi%hmay model i ng shoul d be undertaken of different RPEV
network configurations in the Los Angeles Area and any other areas
consi dering the technol ogy. Thi s nodel i ng shoul d continue to
Investigate different types of network configurations (ie. outlying
intra-region long distance highway |inks and inter-region hi ghway
links); different |evels of market penetration, based on narket
research studies; different battery range assunptions, including
assunptions with different ranges of hybrid vehicles in mx; and,
al ternative spacings of the roadway inductor (ie. varying |engths
of spaci ngs between roadway inductor segnents).

Retrofit I Dbili tion

Studies need to beundertaken on the feasibility of manufacturing
RPEVs or of retrofitting Evs with the RPEV technol ogy. The studies
al so need to consider the steps necessary to bring EVs online in
a given nmarket area. Simlar studies have been conducted by the
El ectric Vehicle Devel opnent Corporation for Evs. These studies
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can serve as a starting point for simlar studies that will be
needed for full market integration of the RPEV technol ogy.

Studi es should be undertaken to characterize electricity use,
i ncluding system | osses, under various roadway inductor and vehicle
use configurations. The nmechanisns for determning energy use
(both inductor systemwi de and within individual vehicles) need
further study. so, work is needed to determ ne the nmanner of
al l ocating eyectric use costs to system users.

2 e —————
oSt rgc IO, TS e

Continuing research is needed to determ ne the optinum nmet hod for
constructing and installing the roadway inductor nodules.

Different |engths of roadway I nductor segments (currently 120 ft.

l ength) need to be investigated.  The benefits of constructing
modul es near the site (to minimze transportation costs) need to be
| ooked at. Furthernore, techniques need to be devel oped to

facilitate installation of roadway segments in an expeditious, cost
effective manner. The prine result of these studies should be to
achieve a significant reduction in roadway inductor costs.

ACES U1 N IUNTwRy ereen®immbiht e

Structure (Highwav Test Seament)

and Paver

Questions have been raised by Caltrans and others concerning the
l'ong terminpacts of highway use on the roadway inductor and
pavement structural integrity. Studies need to be undertaken, over
an extended tine frane, to ascertain whether the roadway i nductor
segnents can withstand the rigors of extensive highway use. Also,
i nvestigations are needed to determ ne how roadway resurfacing wll
occur, so as not to damage the roadway inductor Segments. Design,
construction, and testing of roadway inductor segments and pavenent
structures is seriously needed.

-d?:l':r.'l. a

QO her possibilities have been raised for using the RPEV technol ogy
to help extend the range of vehicles. portunity charging
ossibilities exist at intersections where vehicles are stopped for
rief periods; at bus bays where buses are stopped to |load or
unl oad passengers; and, at parking lots where vehicles are parked
for extended periods. Studies should be conducted to exam ne these
opportunities, and determne the synergistic effect they would play

in conjunction with large scale highway system depl oyment of the
RPEV technol ogy.
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Initial RPEV work considered application of the technol ogy on
arterials. Wi le this study chose not to consider any arterial
network configurations, there may be potential in selected arteria
applications and situations, like a local bus network (ie. original
downt own Santa Barbara bus systen). The Playa Vista project wll
provide an opportunity for denonstrating the technology in this
setting.

RPEV Bus vs. Batterv EV Bus vs., Flectric Catenarv Bus

Conparative studies are needed to | ook at the costs and benefits of
three bus configurations (RPEV, Battery EV and Electric Catenary).
Some work has been done in this area by the Los Angel es County
Transportation Conm ssion and Southern California Rapid Transit
District, as part of their Electric Bus Feasibility Project. As
t he RPEV technol ogy becones nore cost effective, it may provide a
viable alternative to the other nodes.

I Vehicle/Wayside

Recent neasurenments have been conducted of electromagnetic fields
(EMF) produced by the RPEV technol ogy, both within the vehicle and
al ong the wayside. Further work is needed to verify the results of
these studies in the long term Simlar studies are needed of
el ectromagnetic interference (EMI) effects observed in the PATH
design. These effects are reflected primarily in acoustic noise in
conventional vehicles over the powered roadway and with sensors in
t he conventional vehicles.

bAE- ' ' in the Metro  itan Area

Once a final highway network(s) is (are) agreed to for the Los
Angel es area, studies need to be undertaken to determ ne time-
stagi ng and depl oynent sequencing of construction activities.
Time-staging studies need to consider integration of the energing
vehicle fleet with construction timng of various highway segnents.
Devel opnent sequencing studies also need to consider installation
of the roadway segnents so as to mnimze traffic disruption.
Rel ated studies of what devel opnent sequencing to follow to
overcone the chicken and egg phenonmenon of induced devel opnent
shoul d additionally be researched.

C Q S t - E f _f se cernative v e n 1& Vehicle
Assumptions

Further conparative studies are needed to exam ne the cost-
effectiveness of the RPEV versus alternative EV and hybrid

vehicles, under different vehicle mx and operating characteristics

assunptions. ~Questions have been ralised about RPEV cost
ef fectiveness, if significant inprovenents occur in Evs (battery
9-16

JOUTRERA CALIORNIR a
ATOCHTIONSA OF AsBOVMMENT/

818 W. Seventh Street,12th Floor e Los Angeles, CA 90017-3435 0 (213) 236-1800 e FAX (213) 236-1825



range inprovements) and hybrid vehicles (range extension wth
battery and snall engine). These questions can only be answered
when policy nmakers have the results of conparative studies which
address the costs and benefits of the different technol ogi es.

%mmm@; of —the _Thisekes and _Pickup

Signi ficant advancements have been nade in RPEV inductor and pickup
technol ogy in recent years, although only about $7 million has been
spent in total since its iInception. Furt her studies are planned
over the next few years. These and additional studies and tests
shoul d be undertaken to further refine the technol ogy.

oha gia ‘hicl ications Aut o/ Van/ Bus/ Mov/Truck

Testing of the RPEV technolog¥ has only occurred with a bus and
electric Gvan. In the case of the Gvan, the RPEV was a retrofit
of an existing vehicle. The bus, however, was built as an electric
vehicle, though its structure was conparable to that of a diese
bus. Design and testing of the technologz i n autonobil es, vans,
buses, multiple occupant vehicles and trucks should continue, both
as retrofits to existing vehicles and in vehicles designed fromthe
gro¥nd up.d I nvol venent of the auto industry in this effort should
e fostered.

9.5 DEVELOPMENT OF AN EVALUATI ON PLAN

For each of the denonstration projects that come to fruition, an
eval uation plan needs to be designed and executed fromthe onset of
the denonstration. Each evaluation plan needs to start with the
assenbling of baseline data of facility use, environnmental

conditions and socio-econom ¢ base. Goals and objectives for each
denonstration should be clearly stated, so as to allow for the
eval uation of effectiveness. Each aspect of the technol ogy shoul d
be clearly docunmented (ie. vehicles, roadway inductor, power
conditioner, etc.) so as to properly characterize the results of
the denonstration. Any changes to the technol ogy during the course
of the denonstration should al so be detailed. Cost effectiveness
criteria should be devel oped and data collected to verify the
application of the criteria under differing conditions and
situations. Institutional and social inpacts should be docunented,

i ncludi ng public and governmental officials' perceptions prior to
institution of the denonstration versus those at the conpletion of
the denonstration. The degree of i nt ergovernnental or
i nt erorgani zati onal coordination should be docunmented, so that
these efforts can serve as a guide for subsequent denonstrations.

No denonstration should be undertaken unless a formal evaluation
plan has been devel oped, funds nmmde available for its
I npl enentation and an objective body identified to carry out the
eval uation plan.
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10. 0 DEMONSTRATI ON OPPORTUNI TI ES FOR AUTOVATI ON

The technol ogy for vehicle automation is not as far advanced as the
technol ogy for roadway electrification. Options for automation
have been investigated by various authors over the past 30 years.
The Mbility 2000 work group on advanced vehicle control systens
identified the following intelligent vehicle highway system {IVHQ
t echnol ogi es:

0 | ateral guidance or automatic steering

0 | ongi t udi nal control, including obstacle
detection or avoidance, headway keepi ng,
automatic braking, platooning;

0 comruni cation among vehicles and between
vehicles and a central control facility;

0 driver  warning, vision enhancenent and
assi stance systems; .

0 automatic trip routing and scheduling;

0 control of nerging of streams of traffic,

0 and, Itran5|t|on|ng to and from automatic
control .

The deronstration options for automation will be handled in a nore
general way than for electrification. Tinme frames for inplenenting
the various automation technologies will be postulated. Cenera

cost information for research and application, where information
exists, wll be detailed. An assessnent w |l be nmade of the
potential benefits to be derived from hi ghway automation. Social
and institutional benefits of automation will be expanded upon.

Finally, strategies wll be developed for denonstration of
aut omation technol ogi es.

10.1 FEASIBLE TIME FRAMES FOR | MPLEMENTI NG AUTOVATI ON TECHNOLOG ES

The first systematic approach to defining a work programand tine
tabl e for inplementing automation technol ogi es was conpleted in
1990 follow ng the Natrional |VHS Wrkshop sponsored by government,
universities and industry as part of Mbility 2000." ~The second
nore current approach to devel opnent of a systematic program for
research and devel opnent for AVCS ischrt of work perforned by |VHS
Aneri ca. This work is docunented in the Strategic Plan for
Intelligent Vehicle-H ghway Systens in the United States, including
its definition, characteristics and requirenents, current status,
and plan elenments, and is sumarized bel ow. O particular
i nportance are the operational testing and depl oyment plans.

AVCS conbi ne sensors, conputers, and control systens in vehicles
and in the infrastructure to warn and assist notorists or to
intercede in the driving task. AVCS is not a single operationa

concept, but a broad range of capabilities that will be trans|ated
into products and systems in an evol utionary progression. Al though
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AVCS is regarded as the nost long-terns of all |VHS functiona

areas, research and devel opnent work has been on-going in one form
or another for more than three decades. Sone exanples of AVCS-type
t echnol ogi es such as anti-lock brakes, traction control, active
suspension, and four-wheel steering, are currently available as
either standard or optional equipment on notor vehicles. Q her
AVCS technologies are under developnent for non-autonotive
applications, such as factory automation, mlitary and aerospace
vehicle systens, and conputers. Mot ori st warning, perception
enhancenent, and assistance/control systenms are under active
research, developnent, and testing in the U S., Japan, and Europe.

Vehi cl e-hi ghway  autonmati on, the AVCS technol ogies assuned
t hroughout this study, for specialized freeway |anes have received
attention fromboth the public and private sectors. The California
PATH programis currently pursuing vehicle-hi ghway autonation work,
havi ng al ready conpl eted research, devel opnent, and small-scale
testing. Larger-scale testing under realistic operating conditions
is planned during' the next several years. That work wll take the
initial steps toward denonstrating the feasibility of increasing
the vehicle density in a traffic lane, and thus allow ng increases
in effective freeway capacity.

perational Testing

Due to its greater safety consequences, AVCS operational testing
endeavors differ from other AVCS tunctional areas of investigation.
AVCS products and systenms will require a significant amount of
simulation and test track evaluation prior to conventional public
road operational deploynent. Sone AVCS conponents, such as driver
war ni ng and perceptual enhancenent devices which do not rely on
infrastructure elements, wll not require special facilities for
testing. However, those AVCS conponents that do rely on
infrastructure elements will require special roadway facilities for
testing.

The Strategic Plan divides AVCS operational testing into the
following three time-frames: Near Term (5 -year tinefrane, Mddle
Term (lo-year timeframe), and Longer Term (20-year tinmeframe). In
the near term the follow ng AVCS products will likely be ready for
| arge-scal e testing:

Backup war ni ng

Adapti1ve cruise contro

Traction (ice) warning and control

Vehi cl e performance nonitoring (on-board diagnostics)
Longi tudi nal collision warning

Lane change and nerge war ni ngs

O O O o O o

In the mddle term AVCS products will evolve which have a greater
degree of vehicle notion control. Sonme additional products that
are expected to be tested include:
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Lane and road departure warning

Steering control

Side collision warning

Aut omat ed | ane change system

Aut onmat ed col i si on avoi dance (steering or braking)
More advanced vi sion enhancenents

Short-headway vehicle follow ng contro

Rural intersection hazard warning

Head-on col i si on warni ng

0000000O00O

In the longer termtinefrane, the AVCS concepts to be tested would
incorporate nmany of the elenents previously listed. Wth such a
Iong lead tine, all elenments cannot be anticipated today since AVCS
technology is rapidly changing. Autonmated highway concepts, such
as long or short heady automated platoons, will be evaluated for
safety, human factors,” and effectiveness in reducing congestion

D oymen

Near term deploynment of AVCS systems and products would likely
include the follow ng:

0 St and-al one, el ectronic control systems such as anti-|ock
braking, electronic engine and transm ssion controls, and
traction control under acceleration

0 Sinple vehicle performance nonitoring (tire inflation and
reduced traction)

0 Warning systems for side and near obstacles

0 Adaptive cruise control (maintaining a safe distance from

the vehicle ahead)

M ddl e term depl oynent of AVCS systens and products would be
expected to include the follow ng:

0 Warning systems for  distant obst acl es (frontal
collision), lane departure, |ane change and nerge, and
roadway conditions

0 El ectronic control systenms for brake application and
steering

0 Vehicl e performance nonitoring for items such as tire
condition, traction, braking capability, andacceleration
capability

0 Aut omat ed col l'i sion avoi dance

0 Vi sion enhancenent for drivers in night and conditions of

rain and fog
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Longer term depl oynent of AVCS systens and products would be
expected to include the follow ng:

0 Warning systenms for intersection hazards
0 Automated vehicle operation on specially equipped
roadways

10.2 POTENTI AL COSTS FOR | MPLEMENTI NG AUTOMATI ON

Determ ning potential capital, operation, and maintenance costs for
i npl enenting highway automation is not an easy task. Cost studies
on the various automati on conponents are neager mainly because of
the technology's early stage of researc and ‘devel opnent .
Nonet hel ess two sources of information regarding potential costs
for highway automation inplenmentation are available and will be
summarized in this section

The first study is entitled "Systens Studies of Automated H ghway
Systens (ssaHs)" and is approximately ten years old. Al though nore
recent studies have dealt with various aspects of automation
technol ogies, none have systematically addressed all of the
components in this study. he foll owi ng referenced cost although
dated, should not be relied on for current planning. They do,
however, present benchmarks for reference purposes. Ceneral cost
information can be estimted based on extrapolation of information
contained in the ssaHs st udy.

The second study is part of the "Strategic Plan for Intelligent
Vehi cl e-H ghway Systenms in the United States" prepared by I|VHS
Anerica and was published in 1992.

systens Studies of Automated H ghway Systems(S8SAHS):
capital Cost El enents

Three capital cost subsystems nmake up the automation package:

Wayside -- This subsystem includes all of the conmand, control and
communi cations equi pment to enable the vehicles to conmmunicate wth
a central command center. The equipnment is either located within
the right-of-way, along the wayside, or at an external comrand
center.

GQui dewav -- This subsystem includes diagnostic and referencing
equi pment |ocated within the roadway or adjacent barrier nedians.
The equipnent facilitates the lateral and |ongitudinal positioning
of the vehicle. The relative costs for this conmponent would |ikely
be greater than those noted due to the addition of costs for on and
off ranps and separated rights of way.
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vehicle -- This subsystem includes all diagnostic, communications
and control equipnent |ocated within the vehicle. The equi prment

enabl es the vehicle to interact with other vehicles, the guideway
and the waysi de.

Figure 51 details the automati on wayside, guideway and vehicle
equi pment considered in the SSAHS study for the "smart" vehicle
concept .

Figure 51

wgmart" | ndi vi dual Vehicle Concept
Capi tal Cost substations And Equi prent Breakdown

Waysi de
0 Network Controller

Hardwire or M crowave Communi cations
Conput ers (Medi um Capacity)

Control s and Displ ays

Ant ennas

0 Sector Controller

Hardwire or M crowave Communi cations
Conput ers (Medi um Capacity)

Control s and Displ ays

Ant enna Systens

Gui dewav
o Diagnostics

M cro Conputers

Lat eral Benchnar ks
Longi t udi nal Benchmar ks
| nt erconnect Cabl es

0 Longitudi nal Reference
- Guideway Benchmar ks
o Lateral Reference

- Guideway Benchmar ks
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Figure 51 (cont.)
wgmart" | ndividual Vehicle Concept
Capital Cost sub-systems And Equi pment Breakdown

Vehicle
o Di agnostics

Accel eronet er

Brake Sensor

Tire Pressure Sensor

Conput ati on and Conmuni cation Integrity Tester
Fuel, Fluid, Pressure & Tenperature Sensors

0 Conmuni cati ons
- Ant ennas
0 Longitudinal Control

M cro Conputers

Throttl e and Brake Actuators
Benchmark Detectors .

Vel ocity Sensors

Cabl i n?

Controls and Displ ays

Car Fol | owi ng Sensors

o

Lateral Control

- Mcro Conputers

- Steering Actuators
- Cabling

- Sensors

o Collision Avoi dance

M cro Conputer
Brake Actuators
Throttl e Override
Sensors

SOURCE: System Studi es of Automated H ghway Systens, Final Report
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The SSAHS Study included a convert-a-lane option that nost closely
resenbl es the automation scenario in the Southern California study.
This option uses an existing lane(s) within the right-of-way (a
take away situation) to incorporate the automation technolo?ical
i nprovenents. The cost for a convert-a-lane option in 1980 dollars
was estinmated at $1,950,000 per lane mle for the Smart AHS in an
urban setting. These costs were derived by using the AGI-SCS
System cost Mdel, which estimates capital, operating and
mai nt enance costs. General Motors was the prine contractor for
this study, under contract to the Transportation Systems Center in
Canbri dge, Massachusetts, and funded by the Uban Mass
Transportation Adm nistration. This nodel is now obsol ete and
coul d not be adapted for this study. Development of an integrated
cost nodel was beyond the scope of this study.

For conparative purposes urban life cycle costs from the SSAHS
Studefor a smart vehicle phased autonation concept systemw thin

the Northeast Corridor are detailed as follows:

User Costs:
Capi tal $ 203,400,000
| nspection & Mintenance 293,500,000
Ener gy 269,500,000
Operating & Maintenance Tolls 216,100,000

System Cost s:
Capi t al $1,057,200,000
Operating & Mintenance 189,100,000

Depl oynent Characteristics:

Person Trips 7,413,000,000
Vehicle Mles 39,990,000,000
Vehi cl es 1,479,000
AHS Use % 11. 05

SOURCE: System Studies of Automated H ghway Systens, Final
Report
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Al so for conparative purposes the urban equival ent uniform annual
and specific costs from the SSAHS St UdK for a smart vehicle phased
e

autonati on concept system within t Northeast Corridor are
detailed as foll ows:

Cost:
User 100,500,000
System 127,400,000
Tot al 205,800,000

Cost Per Vehicle MIle (mile):

User 0. 090

System 0.115

Tot al 0.185
Costs Per Person Trip ($/Trip):

User 0.488

System 0.619

Tot al 0.999
SCOURCE:

System Studi es of Automated H ghway Systens, Final Report
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Increnental costs fromthe SSAHS Study for vehicles with AHS smart
vehicle technol ogies was estinmated to range from $2,000 to $2, 500
in 1980 dollars. These costs include |ateral and |ongitudinal
controls, communications and automatic braking.

strategic Plan for Intelligent Vehicle-H ghway systems:

The cost estimates nmade in 1991 dollars for private sector
i nvol venent assume that the products will be technically feasible,

wll show adequate public benefit, and wll eventually be
mar ket abl e itens. The followng listing of AVCS cost estinates
provi des near term (5 years), md-term (10 years), and |ong-term
(20 years) estimates for annual corporate ehesign and tooling),

consumer (AVCS vehicle purchase), and infrastructure (construction,

mai nt enance, and operation) costs.

Near-term M d-term Long-term

$ 96
Cor por at e $ 32 $1,800 $ 160
Consuner $500 $5, 500
Infrastructure $ 0 $ 60 $ 700
AVCS t ot al $532 $1, 956 $6, 360

SOURCE:

strategic Plan for Intelligent Vehicle-H ghway systems in the
United states, IVHS Anerica, My 1992

10.3 POTENTI AL BENEFI T8 OF AUTOVATI ON

The principal benefits of vehicle automation in the highway
environnment are inproved safety and i nproved regional nobility.
The safety issue was not addressed in this project's investigation
of highway autonmation. Regional nobility inpacts are the subject
of Chapter 6 of this report. To a limted degree, em ssions
I npacts of highway automation were assessed and the results appear
in Chapter 7 of this report.

10.4 SOCIAL AND INSTITUTIONAL | MPACT8 OF AUTOMATI ON

Social and institutional inpacts of automation technol ogi es have
been touched on previously in Chapter 5.2. Per haps the nost
conprehensive treatnent of social and institutional inpacts is
contained in the Society of Autonotive Engineers conpendium
"Aut omat ed Hi ghway/ I ntel I'i gent Vehicle Systens: Technology and
Soci oecononmi ¢ Aspects" (1990). Wthin this conpendium one paper

"Social and Institutional Considerations in Intelligent Vehicle-
H ghway systems" (Underwood), presents a conprehensive assessnent
of inpacts or considerations. This paper is based on a Del ph

survey of 32 experts in the autonotive, el ectronics and
communi cations fields. The Del phi panelists expressed their views
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on a nunber of questions within four consideration categories: (1)
the driving forces for inplenentation, (2) the barriers to market
penetration, (3) constructive governnment policy initiatives, and
(4) the expected socio-technical inpacts from adoption of the
systems.  The following ten groupings of IVHS features were
assessed within the context of the four consideration categories:

Autonatic tolls and road pricing
Automatic vehicle |ocation
Automatic vehicle navigation
Motorist information
CooPeratlve route guidance

Col I'i si on war ni ng

Col I'i si on avoi dance

Speed and headway keepi ng

Aut onat ed hi ghway

0. Autonated guideway

G oups 6 throu?h 10 cone under the nore general heading of Advanced
Vehicle Control Systens (AVCS).

The following sections summarize the views as expressed in the
Del phi  survey.

The Del phi participants listed the following driving forces for
i mpl ementation of I'VHS technol ogi es:

| ncreasing Traffic Congestion

Desire for |nproved Safet

Motorists' Desire for Contort and Conveni ence

P?blic Demand for Travel Information as They Becone Aware

of It

Declining Cost of Technol ogy and Operation

| ncrenental Process Toward Devel opnent and Adoption of

Advanced Systens

Commut ers' Preference for Hi ghway Over Rail

Novel ty of the Technolog¥

Eronise of Shorter Trip Times by Traveling on Designated
anes

Increasing traffic congestion, in conjunction with the public's
eneral resistance to further highway construction will continue to
e the public's key consideration Pushing for inplenentation of
aut omati on technol ogi es. Closely trailing will be the public's

desire for inproved traffic safety, _being fuel ed q¥ the ever
i ncreasing costs for auto insurance.” Thesetwo factors shoul d be

the major driving forces for inplenmentation of AVCS technol ogies.
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Barriers to Market Penetration

The Del phi participants |isted the followi ng barriers to market
penetration of inplementation of |VHS technol ogy:

L Cost to the Consumer S

2. (bt ai ning Technical Reliability of a Trusted System

3. Lack of Demand and Consumer Resistance and Acceptance

4, Government and Manufacturing Liability Risks _

5. Possi bl e System Ineffectiveness (Cetting the Desired
Resul ts

6. Setting of Appropriate Standards (Equi prent and
Br oadcast i ng/ Conmuni cat i ons)

7. Planning for Transition to New and Mre Advanced
Technol ogi es

8. Cost to Federal and State Governnents

9 Human Factors in System Design

10. Penal i zes User (Drivers Mist Travel at a Slower Pace)
11, Limted Applicability of the Systens

The overwhel m ng concern regardi ng AVCS technol ogies (collision
warning, collision avoidance, speed and headway keeping, and
aut omated hi ghway) was systemreliability. Al so of concern and
significance 1s the instifutional reaction to systemfailures. The
?r|n0|pal I ssue is determning who will be held responsible and

i able for damages asaresutof system failure. ettlenment of

the liability issues wasthe second highest ranking barrier over
nost AVCS categori es.

Constructive Governnent Policy |nitjiatives

The Delphi participants listed the following constructive
governnent policy initiatives for inplenentation of IVHS
t echnol ogy:

Limt the Liability Borne by Manufacturers and Government
Establish Effective Standards

Provi de Federal Funding or Incentives for Research and
Devel opnent

W=

4. Departnent of Transportation Leadership, Initiative and
Comm t ment

5. Provide the Necessary Public Infrastructure

6. Provi de Federal Funding for Construction and Operation

7. Provide Federal, State and Local Legislation to |nplenent

8. Dedi cate Lanes and Roadways for Priority Use byVehicles

wi t h Cooperative Technol ogy
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CGover nment regulators at the Federal and State |evels need to
address the nagging question of howto limt liability borne by

manuf acturers and government. This issue was the subject of a
separate SAE paper "Liability and Insurance Inplications of IVHs
Technol ogy" (Syverud). Prior experience with other pathbreaking

t echnol ogi es (commercial aviation, nuclear power and satellites)
suggest that matters of liability risks for the nore advanced
stages of autonmtion technol ogy (collision avoidance, speed and
headway keepi ng, automated hi ghways and aut onat ed gui deways) be
addressed in Federal |egislation

Another critical matter that wll require Federal and State
cooperation is the provision of funding or incentives for research
and devel opnent of hi ghway automation systens. Federal DOT
| eadership in this area has begun to energg W th the passage of
transportation legislation in late 1991. W th prior major new
highway initiatives, Federal funding, in large part, wll be
required if a mjor highway automation effort is to be successful

Expected Soci o-techni cal Impacts

The Del phi participants listed the follow ng expected socio-
technical inpacts associated with the inplenmentation of IVHS
t echnol ogy:

1. Reduced Congesti on
2. | nproved Safety
3. | ncreased Confort and Conveni ence for the Mtorist
4, | ncreased Driver Acceptance of Automated Contro
5. | ncreased Aut onobil e Conmutin
6. Snmoot her fFlowof Traffic on Toll Roads
The greatest perceived socio-technical benefit to highway

automation is a reduction in congestion. This is borne out by the
conpari son of baseline 2025 hi ghway congestion levels with those
resulting frominplenentation of the 2025 automation network (see
Chapter 6 and 10.03 "Mbility Benefits" discussions).

| mproved safety has |ong been touted as a key benefit to highway
automation. The specific technological elements that will inprove
driver safety are: collision marnin%, col lision avoi dance, speed
and headway keeping, autonmated hi ghway and aut omated gui deway.
Analysis of traffic accident and injury statistics indicate that
between 85 to 90 percent of all accidents are the result of
“inproper driving". Even accounting for some failures in
automation technol ogies due to their conplex nature and newness,
t hese systens should substantially reduce head-on and angle
collisions as well as run-off-the-road accidents.

Aut omat ed hi ghway systens should offer greater driver confort and
convenience. They will allow the driver greater know edge of the
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hi ghway environnent, through inproved conmunications about driving
conditions (weather, accidents, traffic). They will facilitate the
drivers entering and exiting traffic flowin a safe and expeditious
manner . They will make getting fromone destination to another
easi er through optimm trip planning. Finally, they will help
mnimze the stress associated with congested freeway ‘driving, by
improving driver and vehicle safety (real and perceived).

Once drivers becone famliar with the operation of automated
hi ghway system t echnol ogi es, theg should find them substantially
more reliable than current autonobile travel. This wll depend in
part on the success of technical devel opnent work to inmprove the
reliability of automation system conmponents. Further research in
this area is of critical inportance.

One inpact of highway automation that may have possible negative
consequences is the possibility of increased autonobile comuting
resulting from inprovements 1n traffic flow and safety. The
question of induced travel resulting fromintroduction of highway
automation is one that needs further study.

In controlled access situations, like restricted |anes on tol
facilities, smoother traffic flow should result from the
I ntroduction of automated systems. Once vehicles become a part of
pl at oons and begin to operate with mniml vehicle spacing, traffic
should flow in a smooth manner

Soci o-technical lnpacts of different individual AVCS technol ogies
are summarized in the foll ow ng subsections based on the Del ph
survey responses.

Collision Warning -- These in-vehicle systens alert the driver when
on a collision course with another vehicle or object.

0 | ncreased safety and | ess accidents
0 | ncreased risk taking by drivers
0 | ncreased consuner trust or reliance on non-human systens
0 Mtorists will likely drive faster
Collision Avoidance -- These systens incorporate automatic braking

with collision warning through use of radar, sonar, infrared and/or
| aser detection devices.

0 I ncreased safety and | ess accidents _
0 Increased litigation in the event of systemfailures
Speed and Headwav Keeping -- These systems combine throttle contro

with braking capabilities in order to assure safe distances between
vehicles on the roadway.
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0 I ncreased efficiency in traffic flow

0 Vul nerability to control breakdown
0 | mproved safety
Aut onat ed Highwav -- These systenms conmbine |ateral and |ongitudinal

control features of the previous systens with the conmunications
technol ogies to enable vehicles to travel on their own wthout
continuous control fromthe notorist.

0 | ncreased safety, fewer accidents

0 | ncreased efficiency in traffic flow

0 Less air pollution

0 Debat es over whether to allocate resources to equipping
| anes and roadways

0 I ncreased freedom of mobility for nost people, decreased
sense of mobility for sone people

0 Changi ng enpl oynent opportunities in the transportation
sector

0 Possi bl e induced travel and |ocational changes

! _ -- These systens include totally automated
vehicles operating along a guideway with exclusive right of way,
i ke automated guideway transit or urban shuttle service.

0 Simlar benefits to automated hi ghway
0 More reliable trip times
0 Huge (costly) guideway buil ding program

10.5 BSTRATEGIES FOR DEMONSTRATION OF AUTOVATI ON TECHNOLOGIES

Aut onati on technologies are still in their relative infancy as is
the readiness of the public to accept the full range of autonation
strategies detailed herein. Sone tests of automation technol ogies
are underway in the US and other countries. In California the onlﬁ
test currently in operation involves the experinments with bot

| ateral and |ongitudinal control by the PATH program at Ri chnond
Field Station and in the San Diego area on the 8 mle stretch of
the 1-15 reversible |anes, respectively. Fi gure 51 depicts the
type of vehicle being used in the I-15 study and Figure 52 portrays
a prototypical command and control system for the automated roadway
Eys}mnf No actual automation denonstrations are underway in

alifornia.

The crafting of denonstrations of automation technol ogies needs to
await the results of further research and devel opnent work. Until
that time it is prenature to nove forward with any denonstrations
within the southland. A possible future denonstration site in the
Los Angeles area m ght bethe El Monte Busway on |-10 between E
Mont e and downt own Los Angeles. This facility has previously been

suggested as a possible demonstration site for the roadway powered
el ectric vehicle.
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AUTOMATION TECHNOLOGY SYSTEM:
I-15 TEST FACILITY (SAN DIEGO, CA)




Figure 52
COMMUNICATION, COMMAND

AND CONTROL CONCEPT
FOR HIGHWAY AUTOMATION
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