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FOREWORD

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

Phase | of the project was designed to conpile required data and to
make forecasts for the target study year, 2025, in the najor areas
of analysis, namely the transportation, utility, socioeconom c, and
environnmental sectors. Wrk was performed primarily by SCAG with
techni cal support from Canbridge sSystematics, Inc. and JHK &
Associ ates. PATH provi ded managenent oversight, including handlin

adm ni strative issues and docunentation review. Systems Contro

Technol ogy, Inc. a PATH contractor on a related project also
provi ded 1 nput.

Phase Il of the project consisted of the devel opnent of the
advanced hi ghway technol ogy system scenarios. Wrk was performed
primarily by PATH and SCAG In addition, PATH provided managenent
overvi ew, i ncl udi ng handl i ng adm ni strative | ssues and
docunentation review. Systems Control Technology, Inc. a PATH
contractor on a related project also provided technical support.

Phase 11 of the project consisted of the derivation of the inpacts
analysis results for each of the two advanced hi%hmay t echnol ogy
scenari os. Wrk was perfornmed primarily by PATH and SCAG In

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

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 |l project evaluation. The menbership was conprised of
individuals from academa, 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 Admi nistration, the
State of California, Business, Transportation, and Housing Agency,
Departnent of Transportation and the Southern California
Associ ation of Covernnents



EXECUTI VE SUMVARY

Applications of highway automation and roadway el ectrification were
desi gned and evaluated for portions of the freeway systemin the
greater Los Angeles region. H ghway automation technol ogies, such
as longitudinal control systens and |ateral guidance control
devices, were studied to address traffic congestion. Roadway
electrification was I nvestigated to target air quality
deterioration.

Regi onal inpacts for these technol ogies were nodel ed for 2025 and
conpared with 2025 baseline (no technol ogy) forecasts. For highway
automation, mobility was the primary inpact although the ramfica-
tions of this technology on air quality were also exanined. Fossi
fuel, air quality, utility, economc and environmental assessnents
were developed for the roadway electrification technology. I|npacts
results for the technol ogy application depended on the specific
design considerations inbedded in each technol ogy scenario, i.e.
mar ket penetration, network size, technology issues, nodeling
capabilities.

Highway Automation
. Congestion mtigation, neasured as the reduction in

vehicle hours of delay and increased speed, occurred on
both automated and mxed flow lanes, as well as

arterials.

. Considerable nobility inmprovenents were present on
freeways and arterials in the immediate vicinity of the
automated facility as well as throughout ™ [larger

geogr aphi c areas.

. Some nobility deterioration was exhibited on existing
freeway ranps when the automation technol ogy was appli ed.

J Ranp nDbiIity_inProvenents are expected when additional
ranps were included in the automation facility to
accommodat e aut omat ed vehi cl es.

° Enhancenents to the current transportation nodel are
needed to overcone limtations encountered in sinulating
t he automati on technol ogy.

. A review of past and present research and denponstration
opportunities was provided.

o Denmonstration and/or devel opnent considerations analyzed
were fundability, organizational feasibility, ease of
i npl enent ation, constructionphasing, operational issues,

social and political acceptance, and nonitoring issues.

JOYTHERA CALFORMIG a
RTOCIANION OF SOVEMMENTS
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Roadway Electrification

Sizeable air quality inprovenent and petrol eum usage
reductions were predi cted.

I ncreased electricity demand associ ated wth roadway
powered electric vehicles was negligible for the
speci fied market penetration. Natural gas was the
primary electricity fuel stock in 2025.

Evi dence of electromagnetic field exposure with respect
to powered roadway use suggested little need for
envi ronmental concern.

Acoustic noise neasurenents for conventional vehicles
traveling on the powered roadway were high enough to
warrant further testing of |ower roadway currents and
hi gher frequenci es.

Basel i ne user cost conparisons of gasoline vehicles and
RPEVs indicated that RPEVs may offer sonme economc
advantage to users over the life of the vehicle if
roadway infrastructure costs were subsidi zed.

RPEV user costs varied by the |argest anmobunt when
alternative roadway costs were consi der ed.

Retail electricity rates charged to RPEV users that
enabl ed system revenues and costs to breakeven, increased
as roadway expenses increased and decreased as system
performance and/ or system usage increased.

Costs, revenues, and profits of the powered roadway

system were nost sensitive to alternative roadway costs
and interest rates.

Additional benefits of roadway electrification were
identified as: i ncreased revenues to the utilities,
possi bl e new enpl oynent opportunities in construction

and vehicle maintenance and servicing. A potentia

benefit also exists if efforts are successful in the
areas of manufacturing and commercializing RPEVs (and
Evs) in the SCAG region

Policies to inplenent an RPEV system necessitate
coordi nated planning and management efforts that address
mar ket penetration, continued technol ogy devel opment, and

support service conplenments to capture maxi mum regi ona
benefits.

Four possible denonstration opportunitieswereidentified

for: |local arterials, a local activity center on an
arterial, freeway high occupancy vehicle |anes, and

freeway corridors.

818 W. Seventh Street,12th Floor @ Los Angeles, CA 90017.3435 O (213) 236-1800 @ FAX (213) 236-1825



RPEV denonstration and/or devel opnent considerations
anal yzed I ncl uded: fundability, organi zat i onal
feasibility, ease of inplenmentation, construction
phasing, social and political acceptance, and nonitoring
| Ssues.

Ongoi ng RPEV  research needs were identified for
government, university, business, and other institutiona
entities.

Enhancenents to the current transportation nodel are
needed to overcone limtations encountered in sinulating
the roadway el ectrification technol ogy.

Conpl etion of inpacts assessment occasionally depended on
certain assunptions, some optimstic, while others
conservati ve.

Further inpacts assessnment research is warranted which
shoul d include to the maxi num extent possible the nost
realistic assunption set as well as at the very |least a
more thorough sensitivity analysis relative to changes in
mar ket penetrati on.

JOUTEERA CRLIFQANIR a
ALOCIANON OF SOV MMENRTS
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EXECUTI VE SUMVARY

h-iectives of the Study

The H ghway El ectrification and Autonati on Technol ogi es Regi onal

Irrrjacts Anal ysis Project (HE&A) addressed the transportation-
related problenms of freeway congestion, air pollution, and
dependence on fossil fuels in southern California. The inpacts of
roadway electrification and hi ghway automation were investigated to
determne to what extent these advanced technol ogies could alle-
viate these problems. For the highway electrification technol ogy,

utility, environmental, and econom c inpacts were also studied.

The feasibility of inplementing one or nore denonstrations in the
si x-county SCAG region was additionally anal yzed.

Project Support

Institutional support for the HE&A project was provided by Southern
California Association of Governnents SSCAG) and the Partners for
Advanced Transit and Hi ghways (PATH), Institute of Transportation
Studies, University of California, Berkeley, and the California
Departnment of Transportation ?Caltrans). The project was financed
in part through grants rom the U S Depart nent of
Transportation, Federal H ghway Admnistration and Federal Transit
Adm ni stration under; and contract funds awarded from the
University of California, Berkeley.

Description of Advanced Technolocries

Roadway El ectrification was rePresent ed as a transportation system
conposed of roadway powered electric vehicles (RPEVs) that derive
power from electrical cables buried under surface roadways. An
I nductive coupling system that transfers electric power from the
roadway to the vehicle was assumed to provide energy to charge, or
recharge, the RPEV’s battery and/or power its traction notor.

Figure 1 depicts the roadway electrification concept.

The roadway el ectrification technological effort began with the
Department of Energy's (DOE) Electric and Hybrid Vehicle Programin
1976. Since that tine research efforts have been conducted at
Lawence Berkeley Laboratory, Lawence Livernore National
Laboratory, and University of California, Berkeley's Richnond Field
Station. The Richnond Field testing has entailed both static and
dynam ¢ eval uati on. Al'l research has indicated the technical
viability of the RPEV technol ogy. Current application of the
technol ogy, as part of the Playa Vista project in Los Angeles, has
been investi gat ed.

SOUTHERR CALIFQRMIR D
AZOCINOA OF SOVEMMMENL/
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H ghway Automation was identified as full system automation that

included longitudinal control, lateral “control and system
managenment  features. Longi tudinal control devices included
coll1sion avoidance attributes that enable the vehicle to sense
rel ative distance and velocity, such as radar obstacle detection,

automatic braking, and other headway reduction technol ogies.

Lateral control %eatures, such as nmagnetic |ane markers and
automatic steerin?, that enhance capacity were additional

conponents of the fully autonated system  Speed control, signal

control, electronic route guidance, automatic trip routing and
scheduling, pre-trip electronic planning, and on-board navigation
systens conpleted the menu of highway automation features. Figure
2 illustrates a technical concept for highway autonation.

H ghway automation has been under devel opment since the |ate 1950s
by public and private groups in the U S as well as internation-
ally. Devel opnent of the technology is expected to continue
t hroughout the 90s with deploynment beginning in the early 2000s.
Ful | system automation, such as that assuned in this study, should
reach operational maturity by 2025. Current efforts to test
| ongi tudinal control devices are being conducted by PATH in the San
Di ego area during off-peak periods on the |-15 HOV facility when it
Is closed to the public.

Overview and Synthesis of the Executive Summry

The executive summary provides the 2025 baseline popul ation,

empl oyment, transportation, utility, and em ssions forecasts that
were utilized for comparisons wth the advanced technol ogy
scenari 0s. Next, aspects of the advanced technol ogy system
scenari o devel opnent are reviewed, including technology issues
pertaining to transportation system design, and system usage
considerations. The advanced technol ogy regional inpacts analysis
covers mobility, fossil fuel, utility, em ssions, environmental and
econom c inpacts devel oped for one or both of the technol ogi es.

Finally, denonstration opportunities identified for roadway
electrification and highwa+ automation are outlined.

Sunmmary of Proiject Reports

The HE&A project was conducted in three phases, each culninaiing
with a report of work conpl eted. The Phase | Report summarize
dat a assenbly and the 2025 baseline, or no advanced technol ogi es,
forecasts of transportation demand, utility sector demand, and
el ectric vehicle market penetration. Basel i ne nobile source
em ssions data associated wth the 2025 transportati on denmand
fc-ecast were additionally reviewed.

IOUTRERR CALILQRNIR a
ATOCIANOR OF SOVERAMEALS
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The Phase |l Report developed the nodelin frameworks for
simulating inplementation of the advanced technol ogies. Thi s
report presented the criteria utilized to select the specific
Figure 2 Technical Concept for H ghway Automation

configurations for each advanced technol ogy system In addition,
an eval uation of scenario devel opment considerations, such as
system costs, technological availability, fundability, organi-
zational feasibility, ease of inplenmentation, construction phasing,
ot her operations issues, social and political acceptance, and
nmoni toring concerns were discussed for each technol ogy.

The Phase 11l Report presented the inpacts analysis of the two
final highway system designs for roadway electrification and
hi ghway aut omati on. Modeling results for 2025 were detailed for
mobi l ity neasurenents, i.e. vehicle mles traveled (VMI), vehicle
hours traveled (VHT), vehicle hours delay (VHD), and speed. Fossi
fuel, wutility, environmental and econom c inpacts were presented
for roadway electrification. Air quality inmpacts were reported for
roadway el ectrification and hi ghway automati on. The report
concluded with a review of denonstration opportunities for both
advanced technol ogi es.

FOUTHERN CAUFQRAIN g
ATOCIANON OF SOVERMERLS
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. SUMVARY OF 2025 BASELI NE REG ONAL FORECASTS

Transportation Demand

The SCAG Regi onal Transportation Mdel System was enployed to
generate the baseline assessment of travel in 2025 for the SCAG
region. For this study popul ation and enployment forecasts were
devel oped for use in the transportation analysis. (See Table 1).
Basel ine estimates for total projected vehicle mles travel ed
(vmr) | vehicle hours traveled (VHI), and vehicle hours of delay
(VHD) were determ ned as 415,672,000, 15,095,000 and 4,904,000
respectively. (See Table 2). Projected 2025 average speeds on al
facilities and freeways were estimated to be 28 and 36 mles per

hour respectively. (Table 3 provides the 2025 distribution of
travel by tinme of day).

Conparing these 2025 baseline figures with those reported by SCAG
in 1987, the follow ng summary statistics are noteworthy:

. VMI are expected to increase by an average of 1.3% per
year,

. VHT are projected to increase by an average of 1.7% per
year,

. VHS are expected to grow by an average of 3.6% per year
an

o average speeds are projected to decrease from 33 nph for

all facilities and 43 nph on freeways to 28 nph and 36
mph , respectively.

Overal |, dramatic decreases in average speeds, and increases in VMl

due to projected population growh, jobs-housing inbalances, and
i ndi vidual driver behavior, are expected in the SCAG region for
2025.

utility Sector

A baseline forecast was devel oped for electricity requirenments and
capacity in the year 2025 for this study by Canbridge Systematics.
The forecast was derived frominformation supplie %y the Cali -
fornia Energy Commission for the Southern California Edi son (SCE)
and the Los Angeles Departnment of Water and Power (LADWP) Pl anning
Areas. A summary of the baseline forecast is provided in Table 4.

In the baseline forecast, traditional power sources from utility-

owned capaci%%l i.e. nuclear, coal, oil and gas steam conbustion
turbi nes, conbined cycle, hydroelectric, and punped storage, nade

6
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TABLE 1
POPULATI ON AND EMPLOYMENT CGROATH BY COUNTRY

(in 000s)
.POPULATION* EMPLOYNMENT*
COUNTRY 1984 2025 1984 2025
| nperi al 102 154 37 75
Los Angel es 7,863 11, 058 4,053 5, 836
Orange 2,065 3,302 1,048 1,941
Ri versi de 758 2,185 247 752
San Ber nar di no 1,015 2,575 325 938
Vent ur a 580 1,032 213 416
Regi on 12, 303 20, 306 5,923 9, 958
TABLE2

TRANSPORTATI ON | NDI CATORS (dai | y)

1987 2025
vMT (000s 243, 339 415, 672
VHT (000s 7,454 15, 095
VHD (000s 1,136 4,904
Average Speed (nph)
Al Facilities 33 28
Freeways 43 36
M | es of congestion
AM Peak 1,054 2,209
PM Peak 1,743 4,335
TABLES3
DISTRIBUTION OF TRAVEL BY TIME OF DAY (2025)
(ml1ions)
FREEWAYS ALL FACILITIES
Trips YMT Trips
27.2 5.4 53.2
R.M Peak (6:30-6:00 a.m) 3.3 56.0 12.6 113.5
Daily Totals 11.4 238.3 47. 4 415.7

*These nunbers represent a project planning forecast rather than an adopted agency
policy forecast.

JONTRERR CALSORNIN D
ADOCHIMON OF SOVERNMERTS
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TABLE 4

SUMMARY OF BASELINE FORECAST OF
ELECTRICITY SUPPLY AND DEMAND (MW)

SCE LADWP TOTAL
REGION
1988 2007 2025 1988 2007 2025 2025
Demand
Total Capacity requirements 18232 28483 43453 7068 9739 13131 56584
Supply
Traditional Utility-Owned Capacity 15,908 14,909 1,988 6,910 6,375 2.817 4.805
Nondeferrable Resources 400 299 8.799 0 149 208 9,007
Total Pending Resources 0 810 687 56 28 0 687
Total Imports 2,306 2,212 941 958 958 72 1,013
Total Other Dependable Capacity 2,529 4,367 8.001 118 4 2,968 10,969
Advanced Combined Cycle. Gas 0 0 23037 . 0 0. _7.066 30.103
Total Available Capacity 21,143 25,289 43,453 8,042 7.65 13131 56,584
Surplus/D& it 2,911 -3,194 0 974  -2.088 0 0

ISE0SNED sSEINIRGY
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uE a smal l er percentage of total energy generating capacity in 2025
than in the previous years. This result was attributable to the
phasing out of traditional power plants, and no further increases
in traditional utility power plant construction. New capacity
needs were assuned to be net by qualifying facilities, such as
smal | power producers and cogenerators, and from non-traditiona
power sources, particularly advanced conbi ned cycle gas power
plants. The advanced conbi ned cycle plants are favored since they
are relatively clean, small, and easy to site.

Mobi | e source Eni ssi ons

The baseline assessnment of air quality for the year 2025 was
determ ned by use of the Direct Travel Inpacts Mdel (DIlTM. DTIM
conputes the anounts of emssions from and fuel utilized by notor
vehicl es based on Caltrans transportation nodeling and California
Air Resources Board (CARB) inpact rates. The nethodol ogy contained
in DTIM and its conpanion inpact rate program EMFAC7E, were
enPonem wi th nodifications recormended by CARB for 2025, to
calcul ate the baseline reactive organic gases (ROG, oxides of
nitrogen (NOX), oxides of sulfur (SOX), carbon nonoxide (CO, and
particulate matter (PM10) em ssions given in Table 5.

Comparing the 2025 baseline figures above with those reported by
SCAG for 1987, the follow ng summary statistics aggregated across
all vehicle types indicate:

° em ssion reductions of 57.5%, 62.1%, and 35. 3% for ROG
CO, and NOX, and

) i ncreased SOX and pPM1io em ssions of 68.3% and 40. 1%

The em ssions reduction for ROG CO, and NOX were assumed to result
fromthe inpact of the air quality managenent plan which pl aces
stringent controls on the sources of air pollution, and fosters
retirement of the older nore polluting internal conbustion engine
vehicle fleet. Mdbile source PM10 em ssions are road gravel, dust,

and oily residue forced up fromthe road surface by continuous
vehicle nmovenment, and are thus directly related to VM. Mobi | e
source SOX em ssions were calculated as sul fur dioxide (so2), since
nost sulfur in gasoline is converted into SO2 during gasoline
conbustion. Even with controls on the sulfur content of gasoline,

the growth in VMI would lead to the indicated increase in SOX
em ssi ons.

Thus, while urban traffic congestion and air pollution are crucial
i ssues in nost netropolitan areas, the Southern California region
presents a challenge to policynmakers of acute proportions. The
transportation demand and em ssions forecasts have shown the ongoi ng

9
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TABLES

BASELI NE DAILY EM SSI ONS FOR scac REG ON
(tons)

1987
LDA LDT
Reactive
Organic
Gases (ROG 454. 09 98. 10
xi des of
Ni trogen (Nox) 388. 42 83.91
Car bon
Monoxi de 3,354.02 724.61
Oxi des of
Sul fur (Sox) 18. 44 3.98
Particul ate
Matter (PM10) 23.33 5.04
Note:
LDA = Light Duty Auto
LDT = Light Duty Truck
MDT = Medi um Duty Truck
Sour ce:
Direct Travel Inpacts Model

- 1990

MDT LDa

31.13 184. 70
26.63  240.79
229.97 1,216.74

1.26 24.73

1. 60 37.61

I
Southern California Association of Governnents

Los Angeles, CA

2025
LDT _MDT
48. 85 14.21
63. 69 18. 52
321. 84 93. 60
6. 54 1.90
9.95 2.89

need to develop renedies to curb these disanenities whether theﬁ be
gover nment regulation, and/ or

t echnol
opti on.

ogi cal changes.

infrastructure ]
The HE&QA study investigated the latter

devel opnent s,
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. ADVANCED TECHNOLOGY SYSTEM SCENARI O DEVELOPMENT

Technoloqy | ssues

The advanced technol ogy system scenari o devel opnent began with an
identification of the special characteristics of each technol ogy.
This step was necessary given the system design inplications of
each technol ogy.

For roadway el ectrification, the key technol ogy considerati on was
vehicle range due to battery Iimtations. An anal ysis of RPEV
mar ket potential, that is, the nunber of trips that were possible
depending on alternative vehicle battery ranges and extent of the

electrified network, was perforned. Since only unlinked trips
were reported in the nodeling process, derated battery ranges were
st udi ed. (For exanple, a derated battery range of 40 with a

derating factor of two would correspond to 80 mles of travel
wi thout recharging). This work utilized 2025 AM peak trip length
distribution matrices for mleage traveled on and off a specified
network. In general, it was determ ned that market potential was
directuy related to battery range and network size. The selection
of a 40 mle derated range for this study enabled 97% or nore of
the AM peak trips and nore than 78% of the AM peak VMI to be
conpl eted by RPEVs.

Roadway el ectrification did not require facility separation and
speci al access and egress facilities from conventional m xed-flow
traffic. Wil e mai ntaining separate facilities could assist in
linking electrified roadway costs to users, other mechanisnms such
as electronic toll collection devices could be utilized for this
pur pose.

For nodeling purposes, highway automation was defined as vehicles
traveling 1n fifteen vehicle average length platoons at
approxi mately current free flow speed linmts, i.e. 55 nph, on
freeways. Automation research indicated that an average vehicle
Flatoon size of fifteen vehicles traveling at 55 nph would all ow

ane capacity to be approximately 6,000 vehicles per |ane per hour
when | ongitudinal control automation features were utilized.

The hi ghway automation technol ogy was assunmed to require |ane
separation to ensure maximum safety. This technology consideration
was nodeled in a manner simlar to the current H gh Occupancy
Vehicle (HOV) procedure. Special access and egress facilities were
additionally nodeled as part of the automated system design in one
of the automation applications studied.

For hi ghway automation the potential nunber of trips that could

utilize the automation facility was assumed to consist of all trips
reater than 4 miles in length. AMpeak trip distribution matrices
or 2025 were utilized in this analysis.
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The HE&A study devel oped a nodeling framework for evaluating the
application of roadway electrification and highway automation to
sel ected freeway |lanes. The 2025 regional highway network provided
a base network fromwhich the electrified and autonmated network
subsets were chosen. Selection of the freeway |inks for inclusion
in the advanced technol ogy network designs utilized the follow ng
criteria in order to address regional transportation concerns:

e potential npbility | nprovenent -- baseline volunme to
capacity ratios (V/C) greater than one,

o potential congestion relief -- proximty to SCAG regiona
activity centers,

o otential air quality inprovements -- proven correlations
et ween congestion and em ssions, and

o potential infrastructure advantages -- existing and/or
pl anned HOV | anes.

Akkpeak trip distribution data were analyzed enploying alternatjve
VMI nmar ket penetration and network size assunptions to guide
sel ection of the specific configurations for the 2025 advanced
technol ogy scenarios. The nethodol ogi es which led to the choice of
t hese scenarios incorporated the physical characteristics of each
technol ogy, and identification of the potential nunber of trips,
and associated VMI, that could be serviced with each technol ogy.
The final freeway network configurations conbined statistical data
associated with the distribution of trips, and reviewer comments on
the anal ysis.

System Usage Analysis

S¥sten1usage anal ysis first evaluated the narket potential nunber
of trips, and corresponding VMI, that were passible with the
advanced t echnol ogy. In the RPEV scenario, the market potential
was dependent on the assumed vehicle battery range and extent of
the electrified network. For the automation scenario, it was
assuned that all trips greater than 4.0 miles in length could
utilize the automated facility.

Market penetration, that is, the percentage of potential trips, or
VMI, that would actually use the advanced technol ogy was studied
next. Several market penetration and advanced technol ogy network
size conbinations were investigated in the sensitivity analysis.
A careful review of nodeled output for these conbinations led to

selection of the specific market penetration for each technol ogy
scenari o.
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The designated percentage of trips to be penetrated by the
technol ogy was chosen from a subset of the on- and off-freemar trip
| ength conbinations associated with the freeway network selected
for each technol ogy. Nunmerous trips of different origins and
destinations were represented by each on- and off-freeway trip
| ength conbination. Those trips specified as RPEV or automation
were randomy chosen fromthe trips classified in each origin-
destination group per on- and off-freeway trip |ength conbination
This nethod of trip selection was utilized in the assignment
nmet hodol ogi es for both advanced technol ogi es.

Scenario Descriptions

H ghway Autonation

Several design considerations were incorporated in the devel opnment
of the chosen automation scenario. Table 6 summarizes the charac-
teristics of the automated system An anbi tious network size
coupled with a 45% market penetration was selected to allow suffi-
cient devel opment of the technology for evaluation purposes.
Figure 3 depicts the 2025 automation scenari o.

To ensure naxinun1safetg, automated | anes were nodel ed as separate
facilities throughout the analysis. That is, only trips designated
as autonmated trips were pernmtted access to the specified automated
| ane/s. Non- aut omated trips, or trips perforned by conventional
vehicles, were allocated to mxed flow lanes in the trip allocation
process. Automated vehicles traveling in 15 vehicle platoons at 55
mph were assumed to enable lane capacities to reach 6,000 vehicles
per |lane per hour. Automatic braking, headway keeping, autonatic
steering and communi cati on systens were conponent features of the
fully automated system

The two automation scenarios developed in this analysis were
referred to as:

Base Network Ranps = Automated vehicles nmerged with m xed
flow facilities to enter or exit the
automated facility, and

Addi tional Ranp . o

Facilities Aut omat ed vehicles utilized
separate ranp facilities to enter

or exit the automated facility.
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TABLE 6
HIGHWAY AUTOVATI ON SCENARI O DESCRI PTI ON

Network Size 2,165 Lane Ml es

Mar ket Penetration 45% AM Peak VMI
24,268,500 VMT

19. 3% AM Peak Tri ps
1,047,699 Trips

Techni cal Characteristics Aut omat ed Vehicles Travel in
15 Vehicle Platoons at 55 nph
Enabl i ng Lane Caﬁaci ty to
Reach 6, 000 v/1/

Speci al Access and Egress
Facilities Mbdel ed

Lane Separation Required

The base network ranps scenario included only those ranps that
could be utilized by traversing mxed flow lanes. The additional
ranp facilities scenario incorporated additional ranp facilities to
al l ow automated vehicles to separately exit the freeway to adjacent
arterials. In selecting the merge points for autonated and m xed
flow traffic, attention was given to the |ocation of concentrated
activities, such as airports, business centers, major shopping
devel opments, |arge sporting or entertainnent conplexes, etc.
Merge points relative to such activity centers were designed to
mninze travel inefficiencies, that is, to allow mninal
interference of the facility configuration and the travel path of
the autonated trinp. Such nerge points occurred at approximtely
five mle intervals or |ess.

Model ing restrictions required |oading automated and conventi onal
trips separately fromone another. Assigning the automated trips
after the conventional trips was chosen as the trip |oadin

procedure for the inpact analysis after careful analysis o

alternative trip assignments. This ordering process was assumed to
be a nore realistic representation of expected travel behavior
since it attached a small tine penalty to automated travel that
woul d resulted from traversing congested conventional traffic in
order to enter and exit the automated | anes. The hi ghway
automation trip assignment procedure is sunmarized in Table 7.

The nodeling adjustnments inbedded in the automation trip assignment
procedure were necessary to accurately represent the unique charac-

teristics of automated travel, i.e. the requirement that automated
vehicles travel at 55 nph in |lanes of hourly capacity of 6,000
vehi cl es. Thi s net hod approxi mated the automati on technol ogy

concept given current transportation nodeling capabilities.
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TABLEY
H GBWAY AUTOVATI ON TRIP ASS| GNMENT PROCEDURE

(1) Load M xed Flow Trips
(2) Load Automated Trips

(a) 30% of Automated Trips Loaded with BPR Speed-Volune
Rel ati onship

Speed = Speed, 7 ( 1 + .15 (v/Cc)*)
where Speed,, = 55 nph
(b) Revi ew Traffic Link Vol unmes. [f A Link's
V/IC > 1.00 then Speed = 1 nmph
vic < 1.00 then Speed = 55 nph
(c) Load 10% of Remaining Automated Trips
(d) Repeat (b) and (c) Until Al Automated Trips Are Loaded

As a result of the iterative assignnent |oading procedure used for
automation scenarios, some |links had V/C ratios above 1.00, though
the excess was within tolerable linmits. Speeds on all links of the
automated network were maintained at 55 h in each scenarjo, For
t he base network ranps scenario, 81.2%of the automated |inks had
V/IC ratios below 1.00, while the maximumV/C ratio was 1.19. The
additional ranps scenario indicated that 77.5% of the autonated

links had VI C ratios less than 1.00 and 98.5 of the |inks had V/C
ratios |ess than 1.20.

It is iqPortant to note that only a portion of each trip, whether
conpl eted by an autonated or a conventional vehicle, was perforned
on the freeway. A portion of each trip occurred on arterials and
ranps. For automated trips, an additional conponent of each trip
was associated with traversing and travelin? on mxed flow | anes of
the freeway system A review of the allocation of post-trip
assignnent VMI' associated with the automated trips is given in
Tabl e 8. These results indicated the portion of automnated trlﬂs
performed on the automated facility, While remaining VMI for the

automated vehicles driven in nmanual node occurred on other highway
facilities, i.e. mxed flow lanes, ranps and arterials,
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TABLES
AUTOMATED PCST- ASSI GNVENT TRI P ALLOCATI ON

VMT $ OF t OF
(millions) SYSTEM_VMT ASSIGNFD VMT
Base Network
Ramps 13.4 25. 6% 56. 6
on aut omat ed networKk
Addi ti onal
Ramp Facilities 15.1 28. 9% 64. 1%
on automat ed network
Total Assigned 23.5 45. 0%
Total System 52. 4 100. 0%

Roadway Electrification

Several alternative system designs were analyzed for the roadway
electrification scenario. The final roadway electrification
scenari o consisted of a nodest freeway network size and assuned a
15% AM peak VMT nar ket penetration. The selection of a nodest
network size was prinmarily influenced by the hi %h facility
construction costs. The market penetration was chosen to be
consistent with the facility size as well as forecasts of electric
vehicle market penetration.  (See Phase | report for a review of EV
mar ket penetration forecasts). Table 9 summarizes the specific
attributes of the chosen RPEV system Figure 4 depicts the RPEV
scenario that provides the basis for all subsequent i npact
anal yses.

Lane capacity restrictions were not required for the roadway
electrification technology although attfention was given t0O
designating an RPEV network that kept volune/capacity ratios as
close as possible to that of the baseline scenario. Nerge points
for RPEV and mxed flow traffic were selected as in the automation
scenario. Two RPEV scenario assignnments were designed to analyze
the inpacts of separate and non-separate RPEV facilities:

-]

RPEV Exclusive = Only RPEV trips travel on
RPEV | anes, and
RPEV Non-Exclusive = Al trips may travel on
RPEV | anes.
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TABLE 9

ROADWAY ELECTRI FI CATI ON SCENARI O DESCRI PTI ON
Net wor k Si ze 1,035 Lane Miles

Mar ket Penetrati on 15% AM Peak VMI
6,632,400 VMI

3.28% AM Peak Tri ps
173,410 Trips

Techni cal Characteristics Derated Battery Range = 40 Miles
No Lane Capacity Restriction

No Special Access and Egress
Facilities Required

Lane Separation Designated but
Not Required

The RPEV trips were |oaded separatel& fromall other network trips
due to nodeling restrictions. The RPEV trips were assigned first
and conventional vehicle trips second since analysis of alternative
trip prioritization produced negligible differences in post-assign-
ment results. This trip assignnent decision was inmbedded in the
i npact results for both RPEV scenari os.

The amount of vehicle mles traveled by the RPEVs on the RPEV | anes
versus the VMI associated with travel on other facility types was
recorded after conpletion of the trip assignment for use in the
I npact anal ysi s. The results reveal ed that 2,903,749 VMI were
associated wth RPEV travel on the RPEV facility out of the tota

VMI attributed to RPEVs of 6,248,000, or 46.5% of all RPEV vehicle
mles traveled. The division of RPEV vehicle mles traveled on and
of f the powered roadway had inportant inplications for the regional
impacts, i.e. electricity demand, fossil fuel usage, and roadway
costs. The effect of RPEVs on air quality was conputed with respect
to total RPEV vehicle mles traveled since the RPEVs were zero
em ssi on vehi cl es.
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[11. ADVANCED TECHNOLOGY REG ONAL | MPACTS ANALYSI S

The regional inpacts for highway automation and roadway electri-
fication were conpared to the 2025 baseline forecasts. For highway
automation, nmobility inpacts were the primary inpact, although the
ram fications of this technology on air quality were also reported.
Wth respect to roadway electrification, fossil fuel, air quality,
utility, economc, and environnental inpacts were anal yzed.

Mobility Impacts

Mobility results were conpiled with respect to the highway
automation technology for three scenarios -- baseline, automation
base ranps, automation additional ranp facilities). Mbility was
studied for several facility types -- automated |anes, m xed flow
freeway |anes, major and mnor arterials,and freeway ranps, and
| evel s of aggregation -- automated freeway segment, or corridor
regional statistical area (RSA), county, region, or system Figure
5 depicts the Rsas within the SCAG region.

The perfornmance neasures reported were VMI, VHI, VHD, and speed.

O these nmeasures, VHD and speed were the appropriate indicators of
congestion. Table 10 reports the average percentage change in VHD
and speed for all three paired scenario conparisons -- baseline
versus automation base ranp, baseline versus autonmation additiona

ranp facilities, automation base ranp versus autonation additiona

ranp facilities -- at different |evels of aggregation for different
facility types.

Table 10 indicates changes in congestion levels on a per |ane basis
for the freeway segnents, whereas the RSA and systemresults were
aggregated over all lanes for a particular facility type. Not e
al so that for both RSA and regional results, "FT1+FT7" refers to
allhfrifmay Ignes contained within the specific area. The findings
exhibited:

e an al nost uni form congestion reduction at all |evels of
aggregation for each facility type, and paired scenario
conparison, and

e increased congestion mtigation from automati on base ranp
to automation additional ranp facilities scenarios.

The latter result was expected since the additional ranp facilities
scenario offered nobre access and egress opportunities to the
aut omat ed vehicl es. Table 10 also shows simlar congestion
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TABLE 10 H GHWAY AUTOVATI ON MOBI LI TY COVPARI SONS
(Average Percentage Change)

Basel i ne vs Basel i ne vs Base Ramp vs
Base Ranps Added Ranps Added Ranps
cC VBD SPEED VHD SPEED VHD SPEED
FT 1 -21.6 +13.1 -45.0 +28.0 -29.7 +13.3
FT 1 + FT 7 -50.5 +63.7 -64.3 +79.7 -29.7 + 9.5
RSA VHD SPEED VHD SPEED VBD SPEED
FT 1 + FT 7 -39.6 +29.1 /~54.5 +40.1 -25.3 + 8.2
FT 3 -26.7 + 4.4 -27.4 + 4.7 -1.9 + 0.2
FT 4 -22.2 + 7.1 -21.3 + 6.4 + 5.1 - 0.2
COUNTY VHD SPEED VHD SPEED VHD SPEED
FT 1 + FT 7 -47.0 +26.0 -59.0 +34.2 -23.0 + 6.2
FT 3 -13.5 - 2.2 -14.0 - 1.7 - 0.6 + 0.5
FT 4 -15.3 + 8.7 -17.1 + 8.5 - 1.0 -0.02
REGIONAL VHD SPEED VHD SPEED VHD SPEED
FT 1 + FT 7 -47.7 +35.6 -62.3 +47.5 -27.9 + 8.8
FT 3 -22.9 + 1.1 -23.6 + 0.5 - 1.0 - 0.5
FT 4 -28.0 +10.0 -27.7 +10.0 + 0.5 0.0
ALL FACI LITIES -33.8 +21.8 -40.2 +25.9 - 9.7 + 3.4
NOTE:
FT 1 = Mxed flow |anes
FT 3 = Major arterials
FT 4 = Mnor arterials
FT 7 = Autonated | anes
cC = Individual Freeway Segnent, e.g. 1-10 or US-101, each designated by a
construction code (CC) for npdeling purposes
RSA = Regional Statistical Area
reduction results at the RSA and regional level. In addition,
congestion nmitigation effects were found on arterials. These

findings suggested that vehicle trips were drawn to the automated
freeway lane/s (as well as mxed flow Ianes? fromthe arterials
when trips equi pped with automation technol ogy enabl ed freeway
mobi ity conditions to inprove. That is, a larger portion of trips
were capable of traveling faster on the automated freeway | anes, as
well as on the mxed flow |anes, than in the baseline assignnent.

Fewer trips remained on the arterials when the option to trave

wi th automation enhancenents was present. In addition to the above
percentage changes in VHD and speed over several |evels of
aggregation,_ Table 11 presents conplete systemresults for all
three scenarios and facility types for VMI, VHT, VHD, and speed.

Table 11 shows the congestion mtigation effects of highway
automation on a regional scale.
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Table 11

H GHWAY AUTOVATI ON
2025 REG ONAL H GHWAY NETWORK

(AM PEAK)
Compl ete System
Automatior Scenari os
Basel i ne Base Network Ranp Addi ti onal Ranp
Facilities* Facilities**
FT VMl (’000s) FT VMI_(’'000s) FT VMT (' 000s)
i
1 27,175 1 18, 419 1 16, 805
3 22,920 3 17,824 3 17,523
4 2,369 - 4 2,032 4 2,022
5 612 5 644 5 678
7 n.a. 7 13, 402 7 15, 063
2
Tot al 53, 186 Tot al 52,431 Tot al 52,201
FT VHT (’000s) FT VHT (’000s) FT VHT( ' 000s)
1 940 1 568 1 475
3 1, 262 3 971 3 957
4 182 4 142 4 142
5 31 5 32 5 34
7 n. a. 7 244 7 274
Tot al 2,415 Tot al 1, 957 Tot al 1,882
FT VHD ('000s) FT VHD (’'000s) FT VHD('000s)
1 446 1 233 1 169
3 516 3 398 3 395
4 102 4 74 4 74
5 0 5 0 5 0
7 n. a. 7 0 7 0
Tot al 1,064 Tot al 706 Tot al 636
FT SPEED FT SPEED FT SPEED
1 28.9 1 32.4 1 35.5
3 la. 2 3 la. 4 3 la.3
4 13.0 4 14. 3 4 14. 4
5 19.9 5 19.8 5 20.0
7 n. a. 7 55.0 7 55.0
Tot al 22.00 Tot al 26. 77 Tot al 27.74
Not e FT1 = M xed Flow Lanes
FT3 = Major Arterials
FT4 = Mnor Arterials
FT5 = Ranps
FT7 = Automated Lanes
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In the HEGA's Phase |11 report, a nore detailed analysis of
automated freeway segnent and RSA VHD data was performed to
determ ne the statistical significance of these results. At the
automated freeway corridor level of analysis, the per |ane
reductions in congestion for each of the three paired scenarho
conmparisons were found to be statistically significant. At the
nore aggregated RSA level, findings for the two paired scenario
conparisons (baseline versus automation) were also found to be
statistically significant. Comparing the two automation scenari0s

produced m xed results. Congestion reduction results for total
freeway travel were significant, while the findings were not found
to be significant for arterial travel. The latter result was

expected due to the |level of aggregation (RSA) that could weaken
the congestion benefits on arterials adjacent to the autonated
facility. For this reason further analysis was conducted to
investigate the inpacts of the automation scenarios on arterials
and ranmps in close proximty to the automated freeway.

Aut omation Sub- Area Assessnent

The inEacts of automation on facilities adjacent to the autonated
network were derived based on an assessnment of six geographical

di verse sub-areas of the SCAG region. The approxinmate |ocations o
t he sub-areas were: Cl arenont, El Toro, Los Angel es Central
Business District (CBD), Long Beach, Riverside/San Bernardino, and
the San Fernando Valley. Each sub-area covered approximtely 100
square nmiles, with the exception of the Los Angeles CBD sub-area,
whi ch spans 25 square mles. Figure 6 depicts the chosen sub-
areas.

Anal ysis of the nDbiIit¥ |Epacts began with conmpilation of V/C

ratios for each arterial link |ocated within approximately one mle
of the automated facility. For each sub-area, the cunulative
arterial link V/Cratio frequency distributions were derived and a

conparison of these distributions was nade across all scenarios --
baseline, automation base ranps, automation additional ranp
facilities. Al sub-areas, for any fixed V/IC ratio showed a |arger
percentage of links in both automation distributions with V/C
ratios elow a given threshold <conpared to the baseline
distribution. These results indicated that arterial travel was
| ess congested when autonmation technol ogy was applied than when it
was not utilized. The degree of mobility inprovenent varied across
sub- ar eas. In addition to the data on arterial V/C ratios,
individual link traffic volumes were conpiled for all three
scenarios for arterial links and freeway on- and off-ranp |inks
adjacent to the automated facility. For arterial |inks, the
aver age percentage changes in both VHD and speed across scenari os
for each sub-area were derived. For ramp links, the average
percentage change in traffic volume across scenarios was derive
These results are presented in Tables 12 and 13 respectively.

The ranges in the average percentage reduction in VHD across sub~
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TABLE 12 H GAVWAY AUTOVATI ON ARTERI AL MOBI LI TY COVPARI SONS

(Aver age Percentage Change)
Basel i ne vs

Basel i ne vs Base Ranp vs

Base Ranps Added Ranps Added Ranps
ARTERI AL
Sub- Ar ea VHD SPD VHD SPD VHD SPD
Cl ar enont -42. 4 + 2.2 -41.3 + 2.2 - 2.0 0.0
El Toro -34.7 + 7.7 -31.3 + 6.3 + 5.3 -1.3
LACBD -57.7 + 1.6 -65.5 + 2.1 -18.5 +0.5
Long Beach -74. 4 + 4.3 -76.4 + 4.3 - 7.6 0.0
Ri ver si de/ San
Ber nar di no -36.4 + 1.0 -35.2 + 1.0 - 2.0 0.0
San Fer nando
Val | ey -57.9 + 6.1 -60.5 + 6.5 - 6.2 +0.4
TABLE 13 BIGHEWAY AUTOVATI ON RAMP MOBI LI TY COVPARI SONS
(Average Traffic Volunme Percentage Change)
Basel i ne vs Basel i ne vs Base Ranp vs
Base Ranps Added Ranps Added Ranps
RAMPS
Sub- Ar ea
Cl ar enont + 5.3 + 9.7 + 4.2
El Toro + 5.5 +13.6 + 7.6
LACBD +32.8 +46.5 +10.4
Long Beach +14.4 +19.9 + 4.8
Ri ver si de/ San
Ber nar di no +20.5 +22.6 + 1.7
San Fer nando
Val | ey + 9.6 +13.1 + 3.3
areas on arterials, conparing the baseline to the automation base
ranp scenario, -and the baseline to the autonation additional ranp

facilities scenario, were approximtely 35%-75%, and 30%-75%,
respectively. The anal ogous ranges in the average percentage
increase in speed were 1%-8%, and 1%-7%, respectively. The
conparison of the two automation scenarios showed nmuch |ess change
in VHD and speed. The range in the average percentage change in
VHD across sub-areas conparing the base ranp to additional ranp
facilities scenario was -19%to +5%. The corresponding range in
average percentage change in speed was approximately -1%to +1%.
These results further supported the earlier conclusions that
arterial travel was considerably |ess congested when autonation
t echnol ogy was applied than when'it is not.

A detailed analysis of arterial

i l'ink volume data was perforned to
determ ne whether or not

these results were statistically
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significant. (See Phase |l Report). Al l sub-areas showed
statistically significant reductions in arterial traffic volune.
These results provided nore concl usive evidence that nei ghboring
arterial traffic decreased as a result of the attraction of traffic
to the automated facility.

The ranges in the average percentage increase in traffic volunmes on
ranps across sub-areas, conparing the baseline to the automation
base ranp scenario, and the baseline to the automation additiona
ranp facilities scenario, were 5%-33%, and 10%-47%, resPectiver.
The range in the average percentage increase in traffic volune
across sub-areas conparing the two automation scenarios was
approxi mately 2%-10%. These results suggest that automated freeway
ranps for the automation base ranp scenario were nore congested
than ranmps in the baseline scenario. Basel i ne and automation base
ranp scenarios contained the sane number of ranps. However, for
the additional ranp facilities scenario, while traffic vol une
increased, ranp congestion (VHD) decreased on a reaional basis
relative the baseline since autonmated and non-automated vehicles
utilized distinct sets of ranps.

A detailed analysis of ranp link volune data was perforned to
determne the statistical significance of these results. The
findings indicated that the |arger the percentage increases in
traffic volume, the nore likely the results were to be statisti-
cally significant. Al t hough only half of the sub-areas showed
statistically significant increases in traffic volume when standard
statistical tests were applied, the general trend indicated that
ranp traffic adjacent to automated facilities would becone slightly
nore congested for the automated base ranp scenario.

Fossil Fuel Energy Consunption

The inpacts of both roadway electrification scenarios on fossi
fuel energy usage were derived. Petroleum natural gas, and coa
were the fossil fuel energy sources investigated. An analysis of
petrol eum usage al one was al so perforned because of its extensive
usage in the U S transportation sector, and the dependence of the
U S on foreign sources of oil. The analysis was perforned for
LDAs, LDTs, and an aggregation the two vehicle types. Results for
total RPEV driving -- on and off the RPEV network, and on-network
driving were derived for two tine periods: AMpeak and daily.

Results showed that for each time period and scenario conparison --
basel i ne versus reev, differences in fossil fuel energy consunption
associated wth total RPEV travel versus on-network driving were
negligible. This result was expected since the market penetration
for both RPEV scenarios was small. The on-network RPEV fossil fue
usage was approximately half the total RPEV fossil fuel energy
consunpt i on
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Petrol eum Consunption

The baseline scenario vehicle fleet was assumed to entirely consi st
of gasoline internal conbustion engine vehicles (ICEVs). Petroleum

consunption for ICEVs was derived fromtwo sources: gasol i ne
consunption, and the use of petroleumderived fuels in the early
phases of the gasoline production cycle, i.e. gasoline, diesel, and
fuel oil. Petrol eum consunption for RPEVs was also derived from
two sources: petroleum for electricity generation, and the use of
petrol eum products for processing other fuels, i.e. coal and

natural gas.

For conparative purposes, all results were expressed in mllion Btu

(nbtu). Results for the AM peak period were characteristic of
petrol eum usage across all tine periods and extent of RPEV network
travel with only slight nodifications. (See Table 14). The

petrol eum consunption savings in the AM peak period for both RPEV
scenari os was approximately 12% Only very small differences
exi sted between total and on-network RPEV petrol eum consunption for
a given vehicle type, and RPEV scenario since the nmarket
penetration for RPEVs was small. Daily petrol eum consunption
savi ngs across RPEV scenarios and extent of RPEV traffic was
approximately 15%

Natural Gas Consunption

An assessnent of fossil fuel primary energy consunption was
performed in which petroleum and natural gas were the primary
energy sources considered and the entire energy production process
stream was anal yzed. Oher primary energy sources such as biomass
were excluded fromthe analysis since they were not fossil fuels.

Thi s assessnent was perforned for both AMpeak and daily tine
periods, all scenarios, vehicle types, and extent of RPEV network
travel . Based on the results of this analysis and the petrol eum
consunption previously discussed, natural gas usage was derived.

AM peak period results for both RPEV scenarios, mmjor vehicle
types, and on-. and off-network traffic are given in Table 15.

These results were typical of primary energy consunption across
other time periods and extent of RPEV network travel with only
m nor nodifications.

Even though the RPEV narket penetration was relatively small, 81%
of electricity produced for the RPEVs was assuned to be derived
from natural gas as the prinmary energy source, producing_lar%e
increases in natural gas usage relative to the baseline. As in the
case for petroleum consunption analysis, the relatively m nor
di fferences between scenarios for a given vehicle type, tine
eriod, and type of RPEV traffic were due to VMI differences
etween these two scenarios. The total increase in daily natural

gas consu%$tion ag?regated over both vehicle types was 147,800 nbtu
and 147,400 nbtu tfor the exclusive and non-excl usive scenari 0S
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TABLE 14
2025 ROADVWAY ELECTRI FI CATI ON
AN-PEAR PETROLEUM CONSUMPTI ON: ON- & OFF- NETWORK
PERCENTAGE CHANGE RELATI VE TO TBE BASELI NE
Excl usi ve RPEV Non- Excl usi ve RPEV

LDA -11.5 -11.7

LDT -11.5 -11.7

Tot al -11.5 -11.7
TABLE 15

2025 ROADWAY ELECTRI FI CATI ON
AM PEAK NATURAL GAS CONSUMPTI ON: ON- & OFF-NETWORK

PERCENTAGE CBANGE RELATIVE TO TRE BASELI NE FOR TRANSPORTATI ON

Excl usive RPEV Non- Excl usi ve RPEV
LDA +38.5 +38.3
LDT +66.6 +66.5
Tot al +45.8 +45.7

respectively. Total end use demand of natural gas for California
in 2025 was estimated to be approximately 1,500 trillion btu
(tbtu). The SCAG region proportion of this anmount was about 50%,
that is 750 tbtu, based on the region's population relative to the
whol e state. The average daily volume of natural gas demand in the
SCAG region was thus 2.055 tbtu. For_either of the RPEV scenarios,
nat ur al gas consunption increased 7.2% relative to the average
daily end use for the scag region. Daily natural gas supply for
the SCAG region in 2025 was forecast to be approximately 3.297
t bt u. Thus, while the increase in natural gas usage associ ated
with the RPEV scenario is considerable relative to forecasted
growt h between 1990 and 2025, plentiful supplies of natural gas are
proj ected for 2025.

Ar Qualitv

| npacts of both roadway electrification and hi ghway autonmation on
air quality were derived and conpared with 2025 basel i ne em ssi ons.
AMpeak period results were given for five pollutants: reactive
organi ¢ gases (ROG, carbon nonoxide (CO, nitrogen oxide (NOX),
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sul fur oxide (SOX), and particulate matter (PM), for two najor

vehicle types -- LDAs and LDTs, and an aggregation of the two
vehicle types. Baseline nobile source em ssions were conposed of
cold and hot start, evaporative and running em ssions. I'n

addition, two stationary em ssion sources contributed to baseline
em ssions: refueling emssions consisting of evaporative enissions
at fuel stations and bulk plants, and petroleum refinery em ssions.

Roadway El ectrification

Roadway electrification em ssions were divided into a total RPEV
travel case (on- and off-network), and an on-network travel case.
RPEV emi ssions referred to the pollution produced by vehicles
driving durlng the AMpeak period. Not all RPEV-rel ated pollution
was produced urin% the AM peak since aPproxinater 53% of the RPEV
VMI' was generated by off-network travel. It was assuned that al
battery recharging, and consequently all off-network em ssions,
wer e produced overnight (10PM-6AM). Total em ssions produced
during the day by vehicles driving during the AM peak period, and
em ssions generated during the AM peak period were reported.

Total em ssions generated in each roadway electrification scenario
consisted of: (1) nobile source em ssions generated by the ICEVs,
2) refinery and refueling em ssions attributed to the ICEVs, and
3) stationary source em ssions produced by power plants during the
el ectricity generation process. |CEV mobile and stationarg sour ce
em ssions for the RPEV scenarios were derived as in the baseline
scenari o. Total in-basin power plant enissions (grans per
kilowatt-hour) were first derived by pollutant and power plant
type. Data required for this derivation consisted of the: (1)
percentage breakdown of fuel feedstock sources for in-basin
electricity generating power plants, 32) m x of power plants by
type for each fuel feedstock source, (3) future em ssion reduction
technol ogies utilized in each power plant type coupled with the
percentage enmission reduction for each pollutant, and (4)
percentage of power plants by type enploying these em ssion
reduction technol ogi es.

Natural gas was the only in-basin fuel feedstock source used in the
derivation of power plant emssion factors, generating 81% of SCAG

region electricity in 2025. Gas power plants were further
di saggregated into steam turbine, conbined cycle, and advanced
conbined cycle types. Fuel feedstock sources, i.e. w nd and

solar, were excluded from the analysis due to their negligible
em ssions. Biomass-fired powerplants were excluded (1) given their
smal | contribution to electricity production (approxinmately 3% and
(2) the lack of sufficient data to describe biomass em ssion
factors. Gl-fired power plants were excluded given their
negligible contribution to electricity production. Coal -fired
power plants were excluded from the analysis since no in-basin
coal -fired power plants were projected for the year 2025, and the
focus of this research was SCAG regional air quality.

30

JOUTHERN CALIFORDID a
AOCIATION OF SOVERRMERTS

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



Power plant emissions were converted to grans per mle from
kKilowatts per mle for each vehicle type after accounting for all
distribution |osses between the power plant and the vehicle.
Em ssions were then aggregated across power plant types, for each
vehicle type, power source (electrified roadway or onboard
battery), and pollutant. For total RPEV travel, a weighted average
of emissions was derived to reflect the on-network/of f-mx of RPEV
usage. Total em ssions were derived by adding the stationary
source emissions to |ICEV enmissions. Results for total RPEV traffic
are presented in Table 16.

Results indicated a reduction in the total em ssions for each
roadway electrification scenario relative to the baseline.
Percentage reductions overall vari ed between 7.1% and 14.9% The
relatively nodest inprovenents in air quality were directly related
to the small nmarket penetration for the roadway electrification
scenari 0s. The variation for a given pollutant and vehicle tyﬁe
across scenarios was small due to slight VMI differences for

two RPEV scenarios. These effects were smaller than the 15% of VMI
and 15% gasol i ne swi ngs because of the dependence of pollutants on
t he nunber of trips as well as VM.

The contributions of power plant em ssions to the total AM peak
emssions for both RPEV scenario were extrenmely small. The
percentage contribution of power plant em ssions varied between 0.1

and 0. 6. Further investigation into the trade-off between
|ncreased RPEV market penetration and resulting power plant
em ssions and reduced | CEV em ssions were favorable for the RPEV
t echnol ogy since the reduction in |ICEV em ssions offset increased
RPEV-rel ated em ssi ons.

Aut omat i on

Al vehicles were assumed to be ICEVs in the automation scenari os.
The aut omated vehicles were, however, nodeled to travel at 55 nph
on the automated network. Total em ssions for both automation
scenari os di saggregat ed Y vehicle type and em ssion type were
derived bythe same nethodol ogy as in the baseline case. Results
are presented in Table 17.

Wth the exception of NOX, all em ssions associated w th autonated
travel indicated a reduction for each autonation scenario relative
to the baseline. Percentage reductions overall varied between 1%
and 7.5% There was a slight increase in NOX em ssions of between
3.3%to 3.8% The em ssion reductions for ROG CO SOX, and PM

and the increased NOX were attributable to the increase in speeds
for the automated vehicl es.

Wi le alnost all em ssion changes were favorable, the results did
notl_reflect the long term consequences of automation on air
quality.
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TABLE 16
2025 ROADWAY ELECTRI FI CATI ON
AM-PEAK EM SS| ONS: ON- & OFF- NETWORK

PERCENTAGE CHANGE RELATIVE TO TEE BASLEI NE

Excl usi ve Non- Excl usi ve
Pol | ut ant LDA LpT LDA LDT
ROG -5.3 -5.7 -5.5 -5.9
co -6.2 -6.2 -6.4 -6.4
NOX -7.8 -8.0 -7.7 -7.9
SOX -11.3 -10.9 -11.4  -10.9
PM -10.2 -10.0 -10.0 -10.0
Not e: LDA = Light Duty Auto
LDT = Light Duty Truck

TABLE 17
2025 HIGHWAY AUTOVATI ON
AM PEAR EM SSI ONS PERCENTAGE CEANGE RELATIVE TO THE BASELI NE

Base Ramp Net wor k Additional Ranp Facilities
Pol | ut ant ; LDA DT LDA LDT
RCG -5.0 -6.4 -5.9 -7.5
co -3.4 -3.4 -4.0 -4.0
NOX +3.3 +3.4 +3.7 +3.8
SOX -1.4 -1.2 -2.0 -1.6
PM -1.2 -1.2 -1.8 -1.9

Li ght Duty Auto
Li ght Duty Truck

g
|
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Over tine, an induced increase in VMI could occur with concomtant
i ncreases in energy use and em ssions as a consequence of no con-
straints on |and devel opnent or of pricing individual travel bel ow
its marginal social cost. Highwe automation would provide trip-
makers the option of living fu:_her from enploynent |ocations
w thout increased travel tine due to the increased effective speeds
attained on the automated networKk.

utility Denmand

The inpact of roadway electrification on electricity usage was
derived. The volume of RPEV trips remained constant across both
RPEV scenarios. Additional demand for electricity usage resulting
from roadway electrification was therefore the sane for each
scenario. Results werederived for the AM peak, PM peak, and daily
tinme periods.

Total energy usage was determ ned as the product of vehicle energy
consunption and RPEV VMI. Because vehicle energy consunption and
VMI differed by vehicle type, estimates were made for each vehicle
tyﬁe individualhy, t hen ag%regated t oget her. Al distribution,
vehicle, and roadway energy |osses were included in the calculation
of vehicle energy consunption. Results were also derived for total
RPEV travel and on-network RPEV travel.

Total electricity usage for the RPEV scenarios is depicted in Table
18. El ectricity usage for on- and off-network travel refers to
RPEV usage during those time periods rather than the production of
electricity during those time periods. Usage |isted as on-network
i ndi cates production of power during the specified tinme period.

The time of day electricity demand profile for the SCAG region was
derived to Erovide a worst case day for analysis and pl anning
purposes. This electricity profile was representative of histori-
cal usage for a peak usage day. In addition to baseline electri-
city demand profiles by time of day, travel distribution patterns
were also required to devel op an accurate account of the inpact of
roadway electrification on electricity service providers. There
were two daily peak travel Periods for the SCAG region: t he aM-
peak, 6 AM -8 AM and the afternoon peak, 3:30 PM - 6:30 PM  Thus
there was a daily overlap in travel and electricity demand peaks in
the | ate afternoon, and a seasonal overlap in peaks during the
sumrer nont hs.

The SCAG region's time of day electricity demand profile for an
average sumer weekday in 2025 was derived fromthe current profile
to reflect the ratio of the 2025 baseline peak hour estimate to the
current peak hour estimte. The tine of day electricity usage
profile Tor on-RPEV network travel was derived fromthe daily on-
RPEV network electricity demand, the hourly distribution of traffic
on SCAG regional freeways, and the assunption that hourly energy
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TABLE 18
2025 ROADWAY ELECTRI FI CATI ON
ELECTRI CI TY DEMAND (muh)

RPEV USAGE
ON- & OFF- NETVWORK ON- NETWORK
AM PEAK 1,881 866
PM- PEAK 5,633 2,595
DAl LY 19, 264 8,879

depand for transportation was proportional to hourly traffic
vol ume.

Finally, the tine of day electricity usage profile for off-RPEV
network travel was derived. |t was assuned that all battery
recharging occurred overnight, all vehicles were fully recharged in
the norning, and all roadway power was utilized to drive the
vehicle. It was further assunmed that all overnight recharging
occurred uniformy between the hours of 10 PM and 6 AM and that
all househol ds recharged the sanme anobunt over an 8 hour peri od.
The estimates of RPEV electricity demand are depicted in Table 18.

Total electricity demand in the SCAG region by tine of day was
calculated as the sum of electricity demand for the baseline and
RPEV-rel ated usage. (See Figure 7). The tine of day electricit
demand profile was dom nated by the baseline distribution, althoug
the electricity demand from roadway electrification followed a

substantially different profile. This occurred since the
addi tional anount of electricity used was relatively small for the
RPEV scenario conpared with the baseline. Peak hour demand

shifted, however, from2-3 PMto 3-4 PM  The additi onal utiIitg
demand associ ated with the reevs represented an increase of 1.
percent over the baseline peak hour amount and an increase of 2.1%
over total daily baseline electricity usage when aggregated over
the entire day.

Wth a |arger market penetration of RPEVs, the additional denmand
for electricity would increase. Table 19 presents the results of
a sensitivity analysis that indicated the changes in peak hour
electricity demand resulting from increases in daily market
penetrati on of RPEVs.

Wi le the potential of a 5%increase in peak hour demand woul d be
possi bl e and of concern, it would correspond to a regional RPEV VMI

of aPproxinately 55% Based on the anal ysis perforned in the
devel opment of the RPEV scenarios, a nore likely and still
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FI GURE 7 ELECTRI CI TY USAGE COWMPARI SON

Basel i ne vs. RPEV Scenario
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"0 — / eak Hour Usage
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TABLE 19

| MPACT oF MARKET PENETRATI ON ON ELECTRI CI TY DEMAND

DAI LY RPEV VMT RPEV SCENARI O ELECTRICITY DEMAND
PERCENTAGE | NCREASE  OVERBASELI NE
(PEAK HOUR)
15.4 1.0
20.0 1.5
30.0 2.4
40.0 3.4
50.0 4.3
60.0 5.3

conservative upper limt on market penetration would be about 40%
This corresponds to a 3.4% increase in the peak hour demand for
electricity, again not negligible, yet a nore nbdest increase.
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Envi ronnent al Issues

Three additional environmental issues were addressed wth respect
to the inplementation of the roadway el ectrification technology:

(1) the introduction of electromagnetic fields (EMF) in close
ﬁroxinity to the electrified |ane centerline, (2) the potential
azardous waste associated with disposal of RPEV (as well as EV)

batteries, and (3) the acoustic noise levels in vehicles traveling
on the powered roadway.

EMF EXposure

RPEV operation entails the transfer of energy via an inductive
coupling system (1 CS) between the powered roadmaY and the vehicle.
The ICS transfers power through a magnetic field. The nagnetic
field strength varies depending on roadway current and distance
fromthe roadway centerline. Since EMF field strength is neasured
as the density of magnetic flux, attention to this issue was
warranted in order to ascertain the environnental inpact of the
powered roadway.

Concerns that have arisen within the scientific community regarding
Bossible heal th inpairnents due to [ong-term exposure to EM- have

een heightened as the nunber of studies correlating cancer in
humans and EMF exposure has increased. To adequately address these
concerns, EM- neasurenents were studied from both static and
dynam c testing of the PATH roadway powered bus and conventiona
vehicles on the Richnond Field Station test track.

Test results fromthe PATE bus and conventional vehicle powered
roadway experiments indicated that in a unshielded situation, the
magnetic flux density (the neasure of EMF strength?_mas 300
m 'l i gauss éh@), and 1.5 to 3.0 My for a shielded position for a
240 anp roadway. These neasurenents were taken at 40 inches above
the roadway to approximate the EMF exposure at the driver's
position in the vehicles. Shielded test findings indicated |ower
EMF exposure for the roadway powered vehicle since the magnetic
field ﬁasses through the pick-up unit in an RPEV whereas it passes
t hrough the steel chassis in a conventional vehicle.

To put these powered roadway EMF readings in perspective, Figure 8
ranks several electrical appliances and power delivery by field
strength and degree of EMF exposure %ln ), including shielded and
unshi el ded powered roadway cases. he RPEV estimates of EMF were
also found to be significantly below the standards for EM- exposure
set by the International Radiation Protection Association (|RPA)
and the International Non-lonizing Radiation Commttee (IN RC).
Thus, at this time evidence regarding EMF exposure Wi th respect to
the powered roadway suggests that there is little need for
envi ronment al concern.
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Battery Di sposal

Wiet her |ead acid or other batteries are utilized in RPEVs (as well
as Evs), increased unrecycled battery disposal is likely to produce
more inpacts on the environment. The concern for water quality
that woul d be jeopardized by the increased |ikelihood of battery
leachate i n groundwater supplies warrants attention for "cradle-to-

grave" battery nanagement. Simlarly, incineration of |[ead waste
products raises questions regarding air quality deterioration and
associ ated heal th damages. Thus, directing public policy to

reinforce behavior towards participation in currently established
recydlrg efforts is necessary to offset the potential for
I ncr eased hazardous waste fromillegal disposal of batteries as the
mar ket for RPEV/Evs expands. For exanple, Federal support of
smel ter subsidies and mandated usage of recycled |lead as well as
legislation requiring retailers to assist in battery collection
shoul d be pursued.

Acoustic Noi se

Since interior sound levels are an aesthetic concern to the driver
of a vehicle, attention was given to analyze the acoustic noise of
conventional vehicles and RPEVs under driving conditions on the
Richnond Field Station test track. In tests conducted on the PATH
roadway powered bus, the interior noise level was found to be 40-45
deci bel s. Conventional vehicles of different nmakes and sizes were

FIGURE 8 EMF EXPOSURE RANKED BY FIELD STRENGTH

Electric Shaver A,
Unshielded Vehicle

ON Powered Roadway ',/A
Electric Blanket m
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Transmission Line

115 - 230 kv M
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Source; Morgan, et al, 1989. Ranges represent 95% confidence intervals. 37
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also examined for acoustic noise under test track driving
conditions. For the conventional vehicles 40-70 deci bel readings
wer e experienced. To put this in perspective, a library has an
acoustic noise |evel of approximately 35 decibels, an office - 65
deci bels, a heavy truck - 90 decibels, a jack. hamer - 105
deci bels, and a jet Flane - 125 deci bel s. Experts consi der noise
| evel s of 135 decibels to be painful to the ear.

The acoustic noise neasurements for conventional vehicles were
consi dered high enough to warrant further testing of |ower roadway
currents and higher frequencies. The use of higher frequencies in
t he inductive coupling design would |ower interior noise |levels
since it permts use of |ower roadway currents, and humans are |ess
sensitive to higher frequencies. Ongoing results of these new
tests have been encouragi ng.

Econom ¢ Analysis

Econom ¢ anal ysis was derived for devel opment and usage of the 2025
RPEV scenari o. Two categories of costs pertained to the RPEV
system construction and operating expenses of the electrified
roadway, or infrastructure, and life cycle costs to users of the
facility. Supportive cost nodel analysis was utilized to
crosscheck the infrastructure costs, and life cycle expenses
associated with owning and operating a gasoline vehicle were also
summari zed. Gasoline vehicle costs and alternative infrastructure
cost estimates were also furnished for conparative purposes.

Life Cycle User Cost Analysis

A disagPregated cost nodel was utilized to develop the life cycle
personal vehicle costs. This work drew on a nethodol ogi ca

franework devel oped by Neshitt, Sperling, and Del uchi éhBD) with
further nodifications by SCAG and PATH. The RPEV and gasoline
vehicle user costs included ownership conmponents which were

anortized over their respective lives, and operation and
mai nt enance expenses. RPEV |ife cycle costs incorporated those
costs associated with devel opment and usage of the electrified
roadway, i.e. roadway installation and nal ntenance. Per sona

vehicle allocation of the costs for the RPEV system were first
derived for a one-mle portion of a fully built RPEV systemwith a
vehi cl e popul ati on consistent with the RPEV scenario, and |ater
modi fied to include the nunber of lane-mles contained in the RPEV
scenari o.

Table 20 lists the results of the life cycle RPEV and gasoline
vehicle cost analysis. (Gasoline vehicle user costs were slightly

| ower than those for Rrpevs, 24.88 cents per mle conpared to 25.64
cents per mle. Fuel cost for the gasoline vehicle was 4.14 cents
per mle while total electricity cost for the RPEV was 1.68 cents
per mile. The roadway electricity cost was conposed of .78 cents
per nile of on roadway electricity cost, and .90 cents per mle of
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Note

*

TABLE

4.14

9.11
5.40
3.46
0.20
0.45
0.91
0.18
0.18
0.71
Q.13
24 .88

1.68
9.21
2.09
6.00
2.08
0.64
.91
0.19
0.71
0.13
0.59
L4l
25.64

20 OUTPUTS FOR BASELINE GASOLINE AND RPEV USER COSTS

Gasoline Vehicle Outputs (cents/mile)

Gasoline

Vehicle

Insurance

Maintenance

0il

Replacement tires

Parking and tolls
Registration

Inspection and maintenance
Gasoline tax

Accesgories
TOTAL PRIVATE COST

RPEV Outputs (cents/mile)

Total electricity cost (46.5%,0or .78* is on-roadway)
Initial vehicle cost

Batteries

Insurance

Maintenance

Replacement tires

Parking and tolls

Registration

Fuel tax

Accessories

Cost for additional electric roadway maintenance *

Cost_for electric roadway jinstallation *
TOTAL PRIVATE COST

= The sum of these three items is 2.78 ¢/mile which
compares with 4.05 ¢/mile in the steady state cost model
{ 8sM: 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 ¢/mile for the REM.
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electricity cost associated with off roadway charging, i.e. at
home, opportunity charging, since 46.5% of RPEV travel occurred
on the powered roadway.

RPEV mai nt enance costs conpared favorably with those of the
gasol i ne vehicle. The gasoline vehicle user costs included a
gasollne tax that was assuned to provide revenue for the
evel opnent of and usage of the freeway facilities whereas the RPEV
user costs covered costs explicitly related to roadway
infrastructure maintenance and installation. For the RrRpEV, 2. 00
cents per mle of the user costs represented the allocation of
infrastructure expenses. Thus, the baseline user cost conparisons
suggest that the rpev nay offer sone econom ¢ advantage to users
over the life of the vehicle especially if roadway infrastructure
costs were subsidized simlarly to hi'ghway devel'opments provided
for conventional gasoline vehicles.

The life cycle cost analysis was, however, deficient in several
areas. It did not contain: a nechanismto allocate deficit
expenses that would accrue during the early years of roadway
construction, a precise market penetration growth profile, or a
roadway construction schedule consistent with the RPEV scenario
defined for the study. For these reasons further work was
undertaken to address these crucial econom c considerations.

RPEV System Cost Anal ysis

Three cost nodels were devel oped by Systens Contr ol Technolo%y,
Inc. with input from SCAG and PATH to portray the relationship
between costs and revenues associated with operation of the powered
r oadway. Each  nodel built upon the previous nodel con-
struction adding further refinements and detail while retaining
adﬁﬁyape simlarities with the previous nodels to provide easy
val i dati on.

The steady State Model (SSM was conparable with the NSD nodel in
its treatnent of roadway construction, energy, admnistration,
operations, and nai ntenance expenses. It provided a one-mle
reference nodel case for a fully built roadway that serviced the
mar ket penetration given in the RPEV scenario. Since the SSMdid
not incorporate financing considerations related to devel opment and
use of the systemin previous tine periods nor a narket penetration
growth profile, the Startup Transient Mdel (STM was forned to add
these points to the cost analysis. The reev Econom c Mdel (REM
added a specific construction schedule for the RPEV scenario to the
STM The REM nodel is thus the nost conprehensive aPproach for
capturing the design and practical application of the RPEV
scenari o.

The REM produced a breakeven rate, an estinate of the retail energy
price, for both annual and cunulative cost analyses. The
cunmul ative cost analysis was, however, utilized for further cost
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sensitivity work since this cost perspective i mersed the conplete
cost profile into.electricity rate determnation. For exanple, for
cunmul ati ve revenues and costs to break even in year 25 would
require a breakeven rate that woul d guarantee that all previous
deficit expenses associated with roadway construction would be
zero, and cunul ative revenues would equal cumnulative costs. After
year 25, given the breakeven rate charged to RPEV user, the powered
roadway system would become profitable. This analysis thus focused
on determning the costs to build and operate the electrified
roadway w th revenues derived from power purchased by RPEV users of
the system

Throughout the REM anal ysis of roadway construction costs, it was
assuned that |oans were used to finance these capital costs.

Whol esal e energy cost was calculated by nultiplying the amount of
energy sold by the whol esal e energy rate, and adding a cost
conponent to cover system distribution |osses. Adm nistration
costs were assuned to be related to construction activity and the
number of users. Table 21 sunmarizes the REM baseline nodel inputs
while Table 22 lists the outputs for the baseline REM cunul ative
revenue and cost anal ysis. Figure 9 depicts the baseline REM
cumul ative revenue and cost profile over a 40 year period.

As indicated in Table 22 and Figure 9, the cunul ative breakeven of

all system revenues and costs occurs in year 2s. In order for this
to occur, a retail energy price, or breakeven rate, of $.294/kwh
woul d be charged to users. At this rate, cumulative system
revenues and costs equalled $7,552.8 mllion; in year 25. Thi s
figure included the full cost to build the 1,035 |ane-mles of

roadway Wi th a market penetration of 28,737 v/I/d as specified in
t he RPEV scenari o.

| nportant annual cost and revenue patterns inbedded in the
cunul ative cost results were: (1) the rapid increase in annua

costs during the ten years of initial roadway construction, (2)
| oner annual costs after year 25 due to roadway replacenent costs,

whi ch were assumed to be two-thirds of initial roadway construction
expenses, and renoval of the deficit interest expense associated
with initial roadway construction, and (3) increased annual revenue
until stabilization when nmarket penetration was conpl eted.

The wholesale price of energy was approxinately one-third of the
retail price of energy in the breakeven year with debt service and
cumul ative interest on the cunulative deficit representing nearly
hal f of the retail energy price. The whol esal e costs of energy
represented an increasing proportion of the retail energy price
over tine while all other cost conponents' _percentage contributions
to the retail price of energy declined. This result was expected
since all system costs other than energy were spread over a |arger
nunber of users over tine.

The REM nodel produced a cunul ative breakeven rate of $.294/kwh, or
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Table 21 Regional Economic Model inputs

Regional Economic Model Scenario Baseline
L INPUT 1

Market Penetration

4,000 Number of RPEV users in the initial year of market growth
6,000 Number of users per year until market saturation
3 Start year
26.737 Volume I_imit i_n vehicles_/lane/day
’ (or vehicle-miles/lane-mile/day)
Revenue
0.294 Cumulative breakeven rate*
cost
2.5M Cost per lane-mile of roadway
1.67M Replacement cost ($/lane-mile)
2.5 Administrative {% of debt + energy)
2.5 0&M (% of cumulative new roadway capital cost
$.07 Wholesale cost of energy (¥ kwh)

Vehicle Parameters

0.21 Energy consumption of vehicle {(kwh/mile)
75 System efficiency (%)
33.4 Average vehicle-miles per day on the system

Debt Service

3.3% Interest rate (real %/year)
25 Life of loan and life of roadway (years)

Miscellaneous

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

*Qutput of model
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Table 22  Regional Economic Model Results

Regional Economic Model

Cumulative

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: Baseline

OUTPUT
Year 16 Year 25 Year 40

M$ $/kwh M$ $/kwh M$ $/kwh
1,766.1 0.226 3,148.3 0.123 4914.4 0.087
728.8 0.093 2,393.2 0.093 5,682.9 0.093
806.1 0.103 1,464.4 0.057 2,558.4 0.042
62.4 0.008 138.6 0.005 262.4 0.004
743.7 0.095 1,325.8 0.052 2,296.0 0.038
362.2 0.046 546.9 0.021 546.9 0.009
3,663.2 0.468 7,552.8 0.294 13,602.6 0.226
2,299.9 0.294 7,552.8 0.294 17,619.0 0.294
2,299.9 0.294 7,552.8 0.294 17,619.0 0.294

-1,363.2 0 4,016.4




FIGURE 9 RPEV ECONOMIC MODEL CUMULATIVE REVENUES AND COSTS
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6.17 cents per mle. This retail energy rate was used to nodify

the NSD nodel's RPEV |ife cycle cost estimate fOor system users.

For the REM nodel, roadwa¥ costs assumed in the analysis were
hi gher than those found in the NSD nodel due to the cumul ative cost
anal ysis which included deficit financing and roadway construction
timetabl e considerations. The revised baseline life cycle cost to
the RPEV system user of 29.03 cents per mle incorporates these REM
revi sions.

In addition to the baseline REM and nodified baseline life cycle
cost estimates. cited previously, sensitivity analyses were
conpleted with respect to changes in roadway costs, whol esale
energy cost, roadway operating expenses, interest rates, energy
consunption, system efficiency, and average vehicle-mles per day
on the system \Wen possible user cost sensitivity anal yses were
addi tionally perforned. Table 23 lists the Previousl st at ed
sensitivity neasures and identifies the baseline results with
asteri sks. Al results were based on the requirenent that cunu-
lative costs and revenues woul d bal ance (breakeven) in year 25.

Table 23 denpnstrates that the cunul ati ve breakeven retail
electricity rate generally increased as expense category sensi-
tivity values increased, "and decreased as sensitivity neasures
rel ated to system performance and/or system usage _increased.
| ncreased system efticiency, however, reduced cunulative costs.
Cunul ative costs, revenues, and profits were found to be nost
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Table 23  Regional Economic Model Results: Sensitivity Analysis

OUTPUTS

Cumulative
Cumulative | Revenue =
Breakeven [Cumulative [Cumulative [Cumulative Cumulative

Sensitivity Rate costs Revenue costs Profit
Measures (Year 25) (Year 25) (Year 40) (Year 40) (Year 40)
$/kwh MS MS M$ MS

$0.0OM 0.156 3,998.0 9,326.4 8,317.3 1,009.1
$1.5M 0.241 6,182.1 14,421.5 11,518.6 2,842.9
$2.5M" 0.294 7,552.8 17,618.8 13,602.6 4,016.3
$4.0M 0.376 9,646.3 22,502.5 16,725.8 5,776.7
$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 14,9651 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 4,016.3
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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sensitive to alternative roadway costs and interest rate neasures.

Table 24 translates the REM nodel's cunul ative breakeven rate from
$/kwh to cents per mle to enable calculation of RPEV life cycle
user cost sensitivities. The results in Table 24 denonstrate that

user costs vary by the greatest amount when alternative roadway
costs are considered.

It is inportant to note that conparisons of the RPEV and gasoline
vehicl e user cost (24.88 cents per mle) relied on direct, or
tangi bl e, cost information only. Consideration of the external, or
I ntangi ble, costs associated with operation of a gasoline vehicle

i.e. pollution costs corresponding to health, productivity,

visibility, material, and other damages, were not factored into the
cal cul ati ons. The ability to calculate such externalities would
increase the life cycle costs associated with conventional vehicles
relative to RPEVs.

Regi onal Econom c Inpacts from rReEv System Application

The nost significant regional economc inpact associated with the
RPEV scenario would be air quality inprovenents. Quantification, of
the inpacts of this enhance air quality would require
quantification of the primary health benefits acconpanying this
i nprovenent. In addition to health benefits, increased crop yields
for produce that is sensitive to ozone damage, Vvisibility
I nprovenents and the associated increased property values, reduced
damage to livestock, and decreased deterioration of materials,
woul d be further regional econom c benefits associated with air
qual ity inprovenent. Further benefits associated with the inpact of
i nproved environnental quality may exist in the labor market since
areas that provide anenities are often mgration attractors.

The benefits of reduced reliance on petrol eum consunption to fuel
the scag region's transportation system would be a second primar
econonmic inpact associated with the application of the RP

t echnol ogy. O her benefits, such as decreased production of
greenhouse gases associated with petroleum fuel ed vehicles could
al so be experienced globally. At the regional level, it is also

likely that reduced consunption of petroleum fuels could provide
further environnmental quality inprovenents to the area via de-
creased water pollution. Losses to regional economc sectors
provi ding petrol eum woul d occur due to reduced reliance on these
fuel products.

The electricity demand associated with the reev scenario would
provi de increased revenues to the utilities. As a result the
utility sector would experience incone and job growth associated
wi th the expansion of RPEV usage.

the construction, naintenance and vehicle servicing sectors, it

n
ﬁ unclear to what extent enployneat and incone w |l change under

I
i
the rRPEV scenario. It is nore likely that shifts in the
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TABLE 24

Sensitivity
Measur es

Roadway Cost

$ O On
$ 1.5m
$2.5m *
$ 4.0m
$ 6.0m

Whol esal e _Ener av__Cost

Operating Expenses
1.0%

2.5%*
5.0%

Interest Rate

3.3%*
6. 6%
9. 9%

Svstem Efficiency
65. 0%

75. 0% *
85. 0%

Note: * = Baseline Val ues

[e)eole] OO [eoleNe]

o oo

coooo

LIFECYCLE RPRV USER COST:

Cumul ati ve
Br eakeven

Rat e
(Year

$/kwh

25)

. 156
. 241
. 294

376
492

. 267
322

. 256
. 294
. 358

. 294
. 377
. 481

. 309
. 283

o~NOo»

O~NOUTW

oo o

Noo

Cumul ati ve
Br eakeven
Rat e

(Year 25)
t/mle

.17
.92
.10

.49
.94

26.
27.
29.
30.
33.

28.
29.
29.

28.
29.
30.

29.
37.

29.
28.

SENSI TIVITY ANALYSI S

Li fecycl e
RPEV User
cost
(Year
Cnile

14
92
03
76
18

21
03
79

25
03
38

03
67

34
86
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di stribution of jobs and income wll occur as powered roadwa
construction and RPEV usage devel op. Simlarly, al t houg
mai nt enance and vehicle servicing are expected to be substantially
reduced by the RPEV technoI%% , workers may gain skills necessary
to provi de assistance to users, and/or acquire different
positions as part of a newy created RPEV industry.

A potential benefit for the RPEV scenario exists if efforts are
successful in the areas of nanufacturln? and commercial i zi ng RPEVs
and Evs in the SCAG region. Such developrments would necessitate
provision of conplete production systens that would integrate |ocal
industries, service centers, and training and research facilities
toward building an industrial base for the energence of this
technol ogy. Localization economes could be fostered by clustering
firme within the RPEV industry in the SCAG region so as to capture
scal e economies in the production of internediate inputs, |abor
mar ket econom es, and conmuni cation economn es. Production and
servicing of RPEVs within the region could generate |[ocal
multiplied inpacts on jobs and incone as well as provide possible
export nultiplier inpacts for the regional econony if market demand
for the technol ogy spread to other areas.

The ability of the Southern California region to attract Federa

funding as well as new private capital outlays toward devel opnent
of the RPEV system design would play an inportant part toward
capturing many of the significant incone and enpl oynent inpacts
wthin the region. Thus, the degree to which such outside funding
is attracted to the project will thus assist in the success of
I nproving 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 technology developnent, and to build an integrated
support structure for nmaintaining and servicing these new
technol ogies, remain of tantanount inportance in the overall

determ nation of regional econom c inpacts.

Policy efforts. to inplement an RPEV system thus necessitate
coordinated planning and managenment efforts that address market
penetration, continued technol ogy devel opnment, and support service
di mensions of system inplenmentation simultaneously I1n order to
capture maximum regional benefits. Mobi li zation of |ocal
col | aborations consisting of industry, government, university, and
other institutional participant expertise would thus be a first
step toward system devel opnent.
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| V. DEMONSTRATI ON OPPORTUNI TI ES FOR ROADWAY ELECTRI FI CATI ON AND
H GAWAY AUTOVATI ON

Denpnstrati on opportunities for Roadwav Electrification

Public denonstration of the roadway electrification technology in
the SCAG region needs to await the results of ongoing research at
the Richnond Field Station and the proposed Playa Vista RPEV Test
Facility in Los Angel es.

Recently, studies supported by Southern California Edison and the
City of Los Angeles, Departnment of Water and Power at Ri chnond
Field Station have resulted in a redesigned test vehicle, roadway
i nductor and power controller. The princi pal design changes
i nvol ved increasing 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
I nductor, to further reduce electro-nagnetic field (EMF) strengths
in the imediate vicinity. Results of these changes were that

interior noise in the RPEV was reduced from about 70 DBA to 40 DBA,

or less (hardly a perceptible Ievel) and RPEV interior EMFs, which
ranged from 20 mlligauss to 300 mlligauss with the old design

were reduced to 1 to 2 mlligauss under the new design. Vaysi de
EMFs at 50 ft from the centerline dropped to less than 1
m | 1igauss. These |l evels are bel ow those experienced in the
typi cal hone or work environnent.

Work has been underway over the past few years on the establishnent
of an RPEV Test Facility at the playa Vista site |ocated west of
the | 405 freeway and about two mles due north of Los Angeles
International Airport. As currently envisioned, the initial phase
at Playa Vista could begin in the Spring of 1993 with_conpletion of
the design and construction of the test facility. Plans call for
testing RPEV equi pped nodified Gvans to start, with later testing
to involve minivans, autonpbiles, nultiple occupant vehicleS
(Movs) , and electric transit buses. Initial plans called for the
installation of an electrified roadway test track, simlar to the
one at Richnond Field station. Subséquent phases at Playa Vista
will look at such issues as |ateral guidance, energy storage,
roadway design and construction, network analysis Ttor denon-
stration, nmarket penetration and other studies |eading toward
public denonstrations.

The following four applications have been identified for
denonstrating the roadway electrification technol ogies:

. Local application on arterial(s) or local streets

° Local activity center on an arterial highway
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o Freeway hi gh occupancy vehicle application

. Freeway setting (single or multiple segnments)
application

These four applications are further described bel ow and depicted on
Fi gure 10.

Local Application onArterial(s) orLocal Streets

Test Facility Denonstration -- This testing of different
vehicle types would occur at the Playa Vista Test Facility,
initially on a 1,000 £t roadway and later on an extended 2,000
ft roadway. Al though no "public demonstration" is planned, the
vehicles will be repeatedly denonstrated to visitors having an
interest in the technol ogy.

Playa Vista Denonstration -- The intent would be to put a
permanent network on the permanent roadway system at the Playa
Vista Site that might be 2 to 3 miles in extent. The vehicles
for this denonstration would be second generation nultiple
occupant vehicles (Movs), operating at |ow or noderate speeds.
Testing of electronic coupling on up to three Movs woul d al so
be done as part of this effort.

Local Activity Center on an Arterial H ghway

Pilot Scale Demonstration -- This denonstration woul d occur on
an arterial network in the vicinity of the playa Vista site,
bounded roughly by Sepulveda Blvd., Lincoln Blvd. and Santa
Moni ca Bl vd.. It would include private vehicles (autos and
vans) and Movs.

LAX Shuttle Bus Near-Term Denonstration -- This denonstration
woul d enconpass the area in the imediate vicinity of Los
Angel es International Airport (LAX). It would be a traditiona
shuttle bus operation, wutilizing full scaled buses, vans or
possi bly Mcvs. The shuttle system would |ink together major
airport activity centers (termnals, rental cars, hotels and
long term parking lots).

Subregi onal Denonstration -- This denonstration would enconpass
about 50 square mles and perhaps 1 mllion people. It would
span an area from Santa Monica and West Los Angeles on the
north to El Segundo and Los Angeles International Airport on
the south. This system would include arterials but also mgjor

freeways traversing the area (I 10 and | 405). It 1's en-
visioned that the network would have about 200 |ane m|es,
built at a cost of about $500 million. It is assunmed that the

vehi cl es woul d be produced by major autonobile manufacturers,
and purchased by the public.
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Freeway Hi gh Occupancy Vehicle Application

Busway El ectrification Denonstration Project -- Cpportunities
for HOV applications of the RPEV technology were outlined by
SCAG in a 1984 study. The networks chosen for HOV | ane
consideration still bear potential. They include: El Mnte
Busway (11.25 m.) east-west facility, existing, parallel to
San Bernardino Freeway (l-10), two lanes in each direction:
Santa Ana Guideway (30.3 m.) southeasterly from downtown Los
Angel es to Santa Ana, parallel to Santa ana Freeway (I|-5), one
| ane each way; and, Harbor Guideway (11.36 m .) north-south
from downt own Los An%eles to Route 91 in the vicinity of
Gardena, parallel to the Harbor Freeway (I-105), one |ane each

way.

| -15 San Diego Area HOV Denonstration -- This opportunity,
while not inthe Los Angeles area proper, is nhear enough to
provide close-by public visibility. An 8 mle section of

reversible HOV [anes adjacent to I-15 in San Eie?o County is
currently serving as an off-peak period test facility for the
PATH program's |ateral control vehicle follow ng program The
HOV | anes could also be electrified and serve as a denonstra-
tion for the RPEV technol ogy.

Near - Term HOV Denonstration -- Another possible near term HOV
site woul d be along Route 91, east of the Harbor Freeway. This
denonstration could take place prior to 2000 as is envisioned
in the pPlaya Vista work scope.

Freeway Setting (Single or Multiple Segnents) Application

Marina Freeway Denonstration Possibility -- Before a w descale
freeway application is considered, the ‘concept could be tested
on a 2 mle segment of the Marina Freeway from Cul ver Boul evard
to Sl auson Avenue. This site, in close proximty to Playa
Vista, could provide a good test facility for the RPEV freeway
concept with mniml public disruption and maxi num exposure.

Subr egi onal Denonstration -- This is a conbination denon-
stration, previously discussed under the arterial highway
descri ption. It includes major segnments of 1-10 and 1-405 in

the environs of the playa Vista project.

Thin Regional Alternative -- An alternative to the subregiona
denonstration would be to install enough of the powered roadway
so that a trip can be nade anywhere in the region, for exanple
one lane in each direction on I-15 for 80 mles, and one |ane
on I-10 over a simlar distance.

Proposed Western National Transportation Research and
Devel opnent Center -- A final possible test facility for
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freeway or any one of the other app. cations would be at a
proposed Western Transportati on Researcn and Devel opment Center
to be built by the state sonewhere in California. This would
be an ideal location to test construction techniques as well.

RPEV Denonstration and/or Devel opnent Considerations

Fundability -- Funding for application of the RPEV technol ogy nust
i nvol ve ongoing public/private sector cooperation. Construction
funding for roadway inductor construction could be funded wholly or
partly with governnental funds (federal, state or Iocaﬁy
Electric utility revenue based funding could be used as well.
Private funding could help supplenment vehicle devel opnent for
dermonstration purposes.

Organi zational Feasibility -- The key organi zational questions that
need to be addressed are: who would construct, own and operate the
system and, can an effective system be devel oped to capture the
ongoi ng costs of operating and maintaining the system  Construc-
tion on the state highway system would be under the jurisdiction of
Caltrans (State H ghway Agency) or a given local jurisdiction if
the denonstration occurred on local arterials. Aternatively the
electric utility or another governnmental agency could build and
operate the facility.

Ease of |nplenentation -- An RPEV scenario may be harder to
i npl ement than a highway automation scenari o. The one excepti on
would be if the autonmation scenario included the construction of
speci al access facilities (ranps or cross overs).

Construction Phasing -- A key question is how can the RPEV
technol ogy be inplenmented with mnimal public disruption of the
transportati on network. Current techniques for the RPEV would
require cutting out a segnent of the roadway and replacing it with
the inductors. Exi sting techniques to mnimze disruption, like
nighttine construction, could help to mnimze this problem

Pi ggybacki ng RPEV construction with normal resurfacing would al so
be appropriate.

Soci al Acceptance -- Key questions of social acceptance of the RPEV

technol ogy may require acceptance of the electric vehicle by the
driving public, and include:

. W | t he electric vehicl e (with RPEV
modi fications) be priced (including subsidies) to
conpete with the internal conbustion vehicle”

° WIIl a publicly acceptable static charging system
infrastructure be avail abl e?
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° Gven that fleet electric vehicles will likely be
the first types in w despread use, how w !l their
experiences be translated to help facilitate
personal electric vehicle use?

o WI1l the electric vehicle be effective for multi-
vehicle famlies, and wll they be able to
overcome battery range limtations?

. WIIl acceptable electric vehicles be able to
i ncorporate personal conveniences demanded by the
driving public, like air conditioning?

Political Acceptance -- Local officials will need to see the
benefits of the RPEV technology in relationship to other
al ternatives, i ncluding doing nothing. Regi onal and county

transportation and air quality planning bodies should be utilized
to help educate |ocal officials and the general public on the
benefits of the RPEV technology and the results of any public
denmonstrati ons.

Monitoring -- Denonstrations of the RPEV technol ogy need to be
based on an effective nonitoring program This program should be
designed to collect transportation systens utilization data; socio-
econom c data; public acceptance |evels; and, projected and actua
capital and operating costs. Monitoring o pre and post
denonstration conditions should also be a vital part of any
moni tori ng program

ongoing RPEV Research Needs

The follow ng ongoing RPEV research needs should be pursued at the
governnental , wuniversity, transportation |aboratory and private
sector |evels:

J Market Potential for RPEVs and El ectric Vehicles
in the Los Angel es Area

o H ghway Network Analysis of Different RPEV Network
Configurations, Market Penetration Assunptions,
Battery Ranges and Al ternative Spacings

. Manufacturing/Retrofit Feasibility and RPEV Market
| nt egration

o El ectricity Use and Cost Recovery (Vehicle/System

. Roadway | nductor Construction, Installation and

costs  (Including Applications for Robotics
Techni ques)
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° Long Term Inpacts of H ghway Use on Roadway
| nduct or and Pavenent Structure (H ghway Test

Segnent)

o RPEV Opportunity Char gi ng Possibilities
(I ntersections, Bus Bays, Parking Lots)

. Arterial Applications for RPEV Technol ogy

o RPEV Bus vs. Battery Electric Bus vs. Electric
Catenary Bus (Conparisons)

. Long and Short Term El ectra-Magnetic Field and
El ectra- Magnetic | nterference Ef fects

( Vehi cl e/ Wysi de)

o Tinme-Staging and Deployment Studies in the
Metropolitan Area

J Cost - Ef fectiveness of RPEV vs. Al ternative
El ectric Vehicle and Hybrid Vehicle Assunptions

. Ongoi ng Testing and Refinenent of the Inductor and
Pi ckup Technol ogi es.

o Ongoi ng Vehicle Applications
(Auto/Van/Bus/MOV/Truck)

Denpnstrati on opportunities for Highway Aut omation

H ghway Automation technol ogies are not as fully devel oped as RPEV
technologies. Myst work in testing these concepts has occurred in
the |aboratory at university or private sector research facilities.

In recent years work in the United States has been di scussed as
part of a national public/private effort referred to as Mbility
2000. This group gave rise to a crystallization of research and
denonstration planning for Intelligent Vehicle H ghway Systens.

Most recently, the work of Mbility 2000 has been expanded upon as
a part of the national organization |VHS Aneri ca. Mor eover, the
| VHS Anerica Strategic Plan, published in My 1992, provides a
gui deline for devel opnment and depl oynent of IVHS in the U S

Mobility 2000 studies reveal that the type of autonmation

t echnol ogi es considered in the SCAG region study could be fully
researched, tested and depl oyed by 2015. These include the
essential elenents of automatic lateral and |ongitudinal control,
communi cations for control, automated traffic nerging, autonated
obstacl e avoi dance and automated trip routing and schedul i ng.

Very little information is available on the cost of automation
t echnol ogi es. One study in 1980 estimated costs at about $2
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mllion per mle. Further research is needed on costing of auto-
mation technol ogi es before practical denonstration planning and
appl i cations can and shoul d occur.

A recent study on the social and institutional forces inpacting on
hi ghway autonation technol ogies points to the followng driving
forces for inplenmentation, in order of priority:

. I ncreasing Traffic Congestion

) Desire for Inproved Safety

° Mtorists' Desire for Confort and Conveni ence

. Public Demand for Travel Information

. Declining Cost of Technol ogy and Qperation

. I ncrenent al Process Toward Devel opnent and
Adoption of Advanced Systens

. Comuters' Preference for H ghway Over Rail

. Novel ty of the Technol ogy

. Prom se of Shorter Trip Tinmes by Traveling on

Desi gnat ed Lanes

In the same study, the survey participants ranked the expected
soci ot echni cal inpacts of highway automation technol ogi es:

o Reduced Congestion (positive)

o I mproved Safety (positive)

. I ncreased Confort and Convenience for the Mtori st
(positive)

o | ncreased Driver Acceptance of Automated Contro
(positive)

o I ncreased Autonobile Commuting (negative)

o Snoot her Traffic Flow on Toll Roads (positive)

H ghway automation technologies are still in their relative infancy

as is the readiness of the public to accept the full range of  auto-
mating strategies being researched. Sone tests are underway in the
US and other countries. In California the only tests currently in
operation involves experinments with |ongitudinal control on the |
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15 reversible lane in the San Diego area and with lateral control
at the Richnmond Field Station. No actual public denonstrations are
?ndermay in California at present or contenplated in the near
uture.

The crafting of denonstrations.of highway autonmation technol ogies
needs to await the results of further research and devel opnent
wor K. Until that time it is premature to nove forward wth any
possi bl e denobnstrations within the southland. A possible future
site in the Los Angeles area mght be the El Minte Busway on | 10
between El Monte and downtown Los Angeles. This site has al so been
suggested as a denonstration possibility for the RPEV.

Aut omat i on Denonstration and/ or Development Consi derations

Fundability -- Significant funding is necessary to bring highway
automat i on technolﬁgies to a point where public denonstrations are
possi bl e. The I VHS Strategic Plan estimated a need for approxi-
mately $1.57 billion for research and devel opnment costs through
2011. This estimate assumes an 80/20 percentage split for
public/private contribution. The recent f ederal surface
transportation |egislation includes provisions for Intelligent
Vehi cl e H ghway Systens.

Organi zational Feasibility -- Caltrans is the |ogical candidate to
construct and operate automated highway facilitries. Due to the
strong communications interface, thi's function could be provided bK
a local or national telecomunications provider. Another approac
to building and operating an automated facility would invol ve
Caltrans leasing the facility to a regional organization simlar to
a Toll Hi ghway Authority.

Ease of Inplementation -- Inplenentation of automation technol ogies
woul d in nost instances be easier than for an RPEV network of
simlar scope. Construction would consist of the installation of
magnetic markers in the roadway and conmunications |inkages in the
waysi de. Physical barriers would be necessary to provide |ane
separation as would ingress and egress facilities.

Construction Phasing -- Since mixed flow traffic is excluded from
automated | anes, an immediate reduction in the nunber of mxed flow
|anes will occur. Phasing of construction would need to occur in
a manner so that significant segnents of the system would be
operational and functional in a coordinated manner, to mnimze
user confusion.

Operational Issues -- Three major operational issues have been
identified to date in inplenenting highway automation technol ogies:
° "Platoon" Functioning and Systems |ntegration
(Variety of | ssues Pertaining to — System
Oper at i ons)
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Legal /Institutional Barriers liability to system
devel opers and operators when failures (crashes)

occur.
Functioning of Operating Cost Recovery Systens
(Integrated System Needed to M nim ze Operations
Pr obl emns)
Soci al Acceptance -- H ghway automation is a largely untested
phenonmena in the public's eyes. The following are exanpl es of

maj or questions that need to be addressed by researchers prior to
initiation of any |large scale public denonstrations:

° Percei ved Levels of Driver |nconveni ence

. Change in Felt Level of Enjoyment in Driving,
Versus a Sense of Riding in an Automated Vehicle

. Ability of the Driver to Understand and Use the
Aut onat ed Vehicle Control System

. Sense of Loss of Personal Freedomto "bo Your Omn
Thi ng" (Perception by Sone of Traditional
Aut onobi | e Driving)

. Vehicle Operator's Perceived Risk of Platoon
Driving
Political Acceptance -- Political acceptance of highway automation

may be a 3reater chal | enge than for RPEVs, because of its higher
| evel of driver adaptation. Political acceptance will ultimately
hi nge upon public acceptance.

Monitoring -- The nonitoring program necessary to effectively
i mpl ement any hi ghway automation denonstration or devel opnent
effort should be simlar in scope to that for the RPEW. One
variation would be the need for a tully devel oped social acceptance
conponent. Any nonitoring program should focus both on eval uating

systemreliability as well as public acceptance.
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