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WHAT’S THE PROBLEM?

We complain about suburban sprawl and gridlock on the highways, yet most of us live
in single-family homes and drive automobiles. We bemoan the loss of “community,”
yet choose to live in faceless suburbs. We think we want more “livable cities,” but are
unwilling to sacrifice the perceived benefits of a suburban lifestyle to have them.

For decades, city planners, transportation planners, and policy analysts have struggled
to reconcile what we say we want with what we actually choose. By and large, they
have failed. Around the world, car use has grown unabated. When people get wealthy,
they buy cars! and live in bigger homes further away from central cities. In an era of
rapidly expanding personal mobility, cities have been constructed and reconstructed for
fast, heavy motor vehicles. Nothing short of outright prohibition or economic
catastrophe —not high gasoline prices, not better public transit, not better zoning —will
stop this trend.

The result is a host of seemingly intractable problems: increasing congestion and
fatalities on streets and highways, environmental degradation, ugly infrastructure,
social fragmentation and insularity, and cultural impoverishment. Unable to stop the
fundamental transportation and land-use forces at work, people have tried to mitigate
at least some of the undesirable consequences of our present system. There have been
some notable successes: emissions of urban air pollutants from new, well-maintained
cars are dramatically lower than emissions from cars 30 years ago, and in recent years
the number of motor-vehicle related deaths annually has stabilized, in large part due to
tougher drunk-driving laws, greater use of seat belts, and improved vehicle design.
However, we still face serious environmental concerns (such as global climate change),

1 Gardenshire and Sermons (1999) conclude that poor households in the US convert increases in income
into automobiles even faster than do non-poor houseohlds.
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appalling death and injury on the highways, undeniably ugly transportation
infrastructure, and increasing social fragmentation, which many blame on automobile-
driven suburban sprawl (see Burchell et al., 2001).

Is there anything we can do?

Acknowledging that there have been many efforts to plan towns and transportation
systems to better accommodate walking, bicycling, small vehicles, and other modes that
can mitigate the impacts of automobile use, we take what we believe is a distinctive
approach: the complete separation of high-speed, high-mass vehicles from low-speed,
low-mass vehicles on a city-wide scale. Instead of having a single road system that
serves everything from 50 lb. children walking at 2 mph to 150,000 1b. trucks traveling
at 65 mph, we propose to plan new towns with two separate road systems, segregated
according to the mass and speed of the modes. Cut points of 25 mph top speed? and
1000 to 1200 Ib. maximum curb weight will distinguish low-speed, lightweight modes
(LLMs) from fast, heavy vehicles (FHVs). LLMs include any mode of transport under
the mass and speed limit: pedestrians, bicycles, pedicabs, mopeds, motor scooters,
motorcycles, golf cars, minicars, and so on3. FHVs range from the conventional cars,
trucks, and vans we drive every day to the tractor-trailers that deliver most of the goods
we buy. As we delineate later, the physical infrastructure of the LLM network can range
from an undifferentiated narrow lane that handles all LLMs (where traffic volumes are
very low) to a multi-lane roadbed for motorized traffic with a paved bicycle path and an
unimproved pedestrian path alongside (where traffic volumes are high). FHV roads
will be similar to present conventional roads.

With this new infrastructure plan, we propose to design new communities that are
accessible, safe, clean, and cohesive.

Our approach is distinctive at several levels. First, we are start by accepting that many
people want to live in single-family homes, in relatively low density, and get around
mainly in automobiles (whether LLMs or not). We design a town that accommodates
those preferences, yet at the same time offers qualitative improvements in safety,
esthetics, travel pleasure, infrastructure cost, social organization, pedestrian space, and
so on. Second, in order to accomplish this we separate travel according to kinetic energy

ZNote that the maximum speed limit is a design or technology limit, not an enforcement option: the
LLMs are constructed so that they are incapable of exceeding the maximum allowable limit. This
requirement already has been implemented in the recent regulations governing the safety and speed of
“low-speed vehicles” (Federal Register, 1998).

3We will not address the motive-power of motorized LLMs just yet; but as we delineate our
transportation/land plan, it will become apparent that there is much to be gained from electric-drive
LLMs.
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of modes. Finally, we develop a particular land use and transportation infrastructure
layout that accomplishes what we want.

A NEW TRANSPORTATION/LAND USE SYSTEM

We propose that it is possible to build new communities and transportation systems that
accommodate the strong preferences for auto-mobility and single-family homes, yet at
the same time are much safer and cleaner, more pleasant and more socially integrated
than other commonly proposed transportation and planning measures.

Key to our proposal are two ideas: first, virtually all that is undesirable with our present
land-use transportation system stems from the presence everywhere of fast-moving heavy
vehicles (FHVs). FHVs are dangerous, consume a lot of energy and materials (and hence
pollute a lot), and require an extensive, expensive, unsightly infrastructure. They cut a
wide swath through communities, crowding out people, places, and other forms of
transportation. Yet most of us depend on FHVs to provide an invaluable and indeed
irreplaceable service, and so within current infrastructure designs, FHVs must have
access to all places. This conflict between the need to have FHVs accessible to all, and
the problems of having FHVs everywhere, can be resolved if —and this is the second
ideas — every place within a community (every household, every business, every public place)
has direct access to two completely independent travel networks: one for FHVs, and the other for
LLMs, with nonmotorized traffic separated from motorized traffic on the LLM network where
traffic volumes are high.

What exactly would this dual-transportation network and community look like, and
what advantages would it have over present transportation and land-use plans? In this
paper, we delineate our plan and its general advantages, review the impacts on
transportation problems, and discuss the economics. We conclude with a discussion of
the social, political, and consumer factors that would determine the success of the idea.
We recognize that while we discuss the basic ideas in terms of a fully formed city,
ultimately the success of the principles that guide our design will depend on solving the
problems of how to build such cities one sub-division at a time and, perhaps - and
certainly more problematically -- how to retrofit existing cities.

The plan

We design a city with two universally accessible but completely independent
transportation networks: one for LLMs and the other for FHVs. The LLM and FHV
travel networks are accessible to everyone and provide access to everywhere, but are
separated physically and never intersect or even touch. We emphasize that the two
networks are completely separated everywhere such that there is no possibility of
physical interaction between FHVs and LLMs*. Any possibility of such interaction

4By contrast, within the LLM network the separate bicycle and pedestrian paths do intersect the
motorized LLM roads. (It is not possible to have three completely non-intersecting but universally
accessible networks on a surface.) At most of these intersections the bicyle and pedestrian paths can cross
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would immediately and unacceptably increase the risks to the occupants of LLMs and
reduce the convenience to all users. There are two universally accessible networks —that
is, there is an FHV as well as an LLM network —because FHVs perform so many
valuable functions, and few people or businesses will want to be in a community where
the use of FHVs is restricted.

In contrast to multi-modal solutions, in which users must shift themselves and any
baggage, cargo, and personal belongings back and forth between multiple travel modes
in a single trip, this dual infrastructure design creates two complete systems with
alternative temporal, spatial, and social sensibilities. Like pedestrian malls or
downtown areas in which cars are sometimes banned, the LLM system creates a less
harried lifestyle space. But better than piece-meal efforts, the LLM network is accessible
to everyone and to fully featured motor vehicles®, and thus is a complete and
convenient new lifestyle network. In fact, we will argue that the LLM network is more
convenient by any measure than is a conventional street system that serves all modes.

Experience and common sense tell us that people will use an LLM network only if it is
obviously more convenient and safe than the FHV network. For it to be maximally
convenient and safe, it must directly connect everyone to everything without ever
crossing or even touching the FHV network. But, as we noted, the FHVs also must have
access everywhere, because they provide services, e.g., higher passenger and cargo
capacity, that the LLMs cannot.

How can we design two street systems to be co-extensive yet non-intersecting?

In abstract geometric terms, the solution is two parallel radial/ring networks: a system of
LLM streets radiating outward from the town center, interlaced with a system of FHV roads
radiating inward from a circumferential outer beltway. As we shall see, not only does this
system provide two universally accessible yet completely separate travel networks, it
generates what many consider to be an ideal small town, with a commercial town
center, high density residential living immediately outside the center, and low-density
living further out. This transportation plan thus provides the social and commercial

the motorized LLM roads at grade because motorized LLMs will have so little kinetic energy - as little as
1/20th the kinetic energy of conventional FHVs -- that they will pose relatively little threat to non-
motorized LLMs at intersections. Where traffic volumes are so high that cyclists and pedestrians might
be uncomfortable crossing at grade, bicycle and pedestrian tunnels can be provided.

5A fully featured LLM is a mini-car that is just lik e a conventional FHV except that it is smaller and
slower and unlike a sparse golf-cart like vehicle: it has a completely enclosed cabin, full and comfortable
seats, adequate leg room and storage space, air conditioning and heating, entertainment systems, a
smooth quiet ride, good handling, power steering, power braking, power windows and door locks, a
responsive and reliable motor, an attractive design, and robust construction. In our cost analysis we
estimate the cost of an LLM mini-car with all of these features.
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benefits of having a coherent center while accommodating as much low-density
development as people want.
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FIG. 1 THE PLAN IN ABSTRACT
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Figure 1 illustrates the basic concept. The entire town lies within an outer, high-speed
beltway for FHVs. A central LLM road rings the commercial and civic center of the
town. (As we shall see, the town center, like the neighborhood areas around the center,
is accessible to FHVs as well as LLMs.) Between the outer FHV beltway and the central
LLM ring road lie the neighborhoods, accessible everywhere to FHVs and LLMs. The
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LLM streets all radiate outward from the LLM ring road around the town center, and
the FHV roads radiate inward from the FHV beltway around the entire town. In all
Figures, FHV roads are dashed lines and LLM streets are solid lines. (The LLM street
system includes separate bicycle and pedestrian paths in some places.) Note that the
two networks service every individual location but never intersect.

The town center (the area inside the central LLM ring road) contains most of the shops,
schools, offices, churches, civic buildings, inter-city transit stations, and other
commercial and retail spaces in the town. The radial LLM streets feed into the central
ring road and provide direct, LLM-only access from all neighborhoods to all areas in the
town center.

On the outside of the central LLM-ring road the residential neighborhoods begin, with
high-density multifamily dwellings closest to the town center and large-lot single-
family homes furthest. This traditional pattern of decreasing density is repeated along
each LLM “branch” radiating out from the LLM ring road. Again, the two networks
serve all households, but never intersect —every property has access to an LLM road on
one side and an FHV road on another. Each major radial “branch,” comprising one
major LLM/FHYV pair, functions socially as a neighborhood, with a neighborhood park,
neighborhood school, public gardens, and a few neighborhood shops. Figure 2 shows a
neighborhood branch in more detail. (Note that Figure 2 is one possible plan of all of the
streets on a branch, whereas Figure 1 shows only some of the major roads in a stylized
layout.)
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FIG. 2 COMPLETE PLAMN OF OME MAIN LLMIF BV "BRANCH"
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Every home, business, and public area—indeed, every place within the town —“faces”
the LLM community network and “backs” onto the FHV network (see the detailed
residential-area plans of Figure 3). The FHV roads that radiate inward from the outer
high-speed beltway interlace with but never touch the LLM streets that radiate from the
town center. The FHV roads remain on the “backs” of all housing units, rather like
service alleys, whereas the LLM streets are on the fronts, like community paths and
streets. Private driveways connect both of the networks with private garages or parking
areas. (This can be done by having two garages or parking areas; one garage or parking
area that opens on two sides; or a driveway that splits in two and loops to both
networks.) Figure 3 shows details of residential streets, including garages and
driveways.

The FHV roads have two main functions: to provide households direct access, via the
outer beltway, to outside of the town, and to provide persons and goods movers from
outside the town direct access to the inner civic, commercial, and service core of the
town center, via two or three FHV roads that penetrate all the way to the town center.
These penetrating FHV roads go underneath the central LLM ring road and come up
into parking facilities on the “back” side of all of the businesses, offices, schools, and so
on®. Figure 4 shows a detail of a section of the town center.

By contrast, the main function of the LLM streets is to provide access inside the town,
especially to and from the town center, via the central LLM ring road.

The FHV network and the LLM network thus complement each other functionally: the
LLM network is designed mainly for trips within the town, and the FHV network is
designed for all other trips. Of course, it is possible to use the FHV network for any
within-town trip, but the system is designed so that within-town trips generally are
safer and more convenient via the LLM network. It also is possible to extend a few LLM
streets under or over the high-speed FHV beltway to connect with the LLM network of
a neighboring town. Figure 5 shows a conceptual drawing of several towns that share
an outer FHV beltway and have connected LLM networks”.

6 Note that “FHV road” is not synonymous with “high-speed road.” Only the outer beltway and the two
or three FHV roads that penetrate to the town center have speed limits posted higher than 25 or 30 mph.
The radial roads that intertwine with the LLM network are all low-speed routes that happen to provide
access to large, heavy vehicles capable of high speeds, but limited by conventional enforcement to speeds
typical for residential.

7 It probably is desirable to have a greenbelt between the outer FHV beltway and the ends of the LLM
residential streets, to buffer the residential areas from the noise and unsightliness of the beltway, and to
delineate community boundaries. We have not shown this in our illustrations.
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FIG. 3B MORE POSSIBILITIES FOR
A RESIDENTIAL STREET
WITH SINGLE-F AMILY HOMES
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FIG. 3C DETAIL OF ARESIDENTIAL STREET,
MULTI-FAMILYH DWELLINGS
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FIG. 4 DETAIL OF LLM RING ROAD
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FIG. 5 MULTI-TOWN PLAN
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GENERAL ADVANTAGES OF THE PLAN

The system of outward radiating LLM streets interlaced with inward radiating FHV
roads minimizes the number of expensive undercrossings needed to completely avoid
any at-grade crossings: at only two or three places do the FHV roads need to go under
the central LLM ring road and enter the town center. And, as mentioned above, at a few
places the LLM streets may make a grade-separated crossing of the outer FHV beltway
and connect with the LLM network of the adjacent town. Any other basic geometry —
particularly a grid —requires many more under- and over-crossings in order to maintain
complete physical separation between the networks. Such grade-separated crossings
increase the cost of the infrastructure dramatically and introduces new safety problems
of their own, e.g., reduced sight-lines at over-crossings, flooding in undercrossings,
abrupt speed changes on upslopes and downslopes, and so on. And, we cannot
emphasize enough that the FHV and the LLM networks must be completely separate,
with no possibility of any physical interaction of FHVs and LLMs, in order for the LLM
network to be used fully as an alternative transportation system. Our plan geometry
achieves this with minimum cost and maximum safety.

The general plan gives rise to appealing town characteristics:

* Stores, offices, schools, civic buildings, churches parks, inter-city transit
stations, and so on, are in the center of town, not sprawled disjointedly
over a suburban landscape. This coherent social and commercial
geography identifies the town.

* High-density multi-family housing units are around the core, and
provide convenient pedestrian, bicycle, and LLM access to the town
center for those who prefer higher-density, urban lifestyles.

* So-called “big-box” retailers can locate along the outer beltway and
thus be easily accessible to people in the community without
disrupting the look, function, and feel of the town itself.?

* Major residential LLM branch roads function as neighborhoods, with
small neighborhood parks, elementary schools, and some shops. This

8 At the same time, these retailers currently profit in part from shifting a portion of the transportation
cost of products —hardware, office supplies, toilet paper, pet food, or whatever —to households. Thus
big-box stores are part of a pattern of suburban sprawl that reinforces perceived need for big-box SUVs to
haul big-box purchases. While we have no proof to offer yet, it seems plausible that within the land use
and transportation system we lay out in this paper, smaller retailers will be able to compete based on
convenience for some of the business that they now lose to the big-box stores.



September 1, 2002

smaller level of organization provides a more structured sense of place,
because people can locate themselves, socially and geographically, first
within the town, then within a neighborhood, and finally on a street.

* Even though the quantity and quality of suburban single-family homes
are not restricted by policy, the transportation system integrates the
resultant “suburbia” with the rest of the community and creates a
coherent town.

* Unlike conventional street systems, which divide and separate
communities, the LLM network — safe, clean, quiet, pleasant, and
convenient — facilitates access, promotes interaction, and integrates the
town.

We note that the transportation system and the urban form go hand-in-glove: given an
interpenetrating radial-arm system with an inner ring road (for LLMs) and an outer
beltway (for FHVs), it makes no sense to have the major non-residential (and non-
neighborhood) destinations anywhere but the center. (This is obvious from inspection of
Figure 1.) By contrast, a sprawling grid really does not have a functional center, and
hence is associated with the fragmented, non-integrated development patterns typical
of most suburbs: tracts of housing interspersed with strip malls.

The plan we propose provides the social benefits of organized development and low-
impact transportation while providing the widest possible range of travel and lifestyle
choices —including unrestricted suburban living and auto-mobile travel.

Size and growth of towns

The size of our proposed new town and transportation system is limited ultimately by
the maximum acceptable travel time on the LLM network from the outer ends of the
LLM radial streets to the city center. As we show next, this constrains the town to a

maximum diameter of about 4 miles. A town of this size will accomodate 50,000 to
100,000 people.

The 4-mile maximum diameter keeps travel times on the LLM network reasonable. If
for safety reasons the LLMs cannot exceed 25 mph (a point we address later), then an
average 1.0 to 1.5- mile trip into the center will take about 5 minutes and a trip across
town will take about 10 minutes. These are similar to travel times for comparable
purposes on present suburban road networks.” Moreoever, we expect that many people

9The travel times are similar, in spite of a technological limit of 25 mph for LLMs versus a posted limit of
25 to 45 mph in conventional suburbs, because LLMs will travel at close to the 25 mph maximum most of
the time, whereas FHVs on a conventional suburban roadoften are stopped or moving much more slowly
than the posted speed limit. On the LLM network there are no traffic lights at all and only a few stop
signs. Roundabouts direct LLM traffic through major intersections without stopping. By contrast, in a
conventional suburban street system time spent stopped at traffic lights or stop signs, or in heavy traffic,
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would be willing to use bicycles at least ocassionally for trips of two miles or less on a
convenient, safe cycling network.1% For these reasons, we propose that the radial LLM
streets (and adjoining bicycle and pedestrian paths) generally should not exceed 1.5
miles in length. If the town center has an 0.5-mile radius, the result is town of no more
than 4 miles in diameter.

Figure 2 illustrates a complete radial section of the LLM and FHV networks from the
outer FHV beltway to the service core in the center of town along one LLM/FHV
neighborhood branch. With a maximum 4-mile diameter, the whole community (which
certainly does not have to be precisely or even approximately circular, but which we are
analyzing as a circle for convenience) has a maximum area of about 13 square miles. At
relatively high suburban commercial and residential densities, this accommodates as
many as 100,000 people — probably the upper limit for a single town/transport-
network. At cozier dimensions and lower densities, the plan would accommodate
around 50,000 people —which, in our view, constitutes a genuine town!l. At this size,
the town has its own zip code and main post office, its own high school, its own civic
and institutional center, its own recreational and entertainment programs, its own
library, its own community park, and a viable commercial/retail core. It may also have
facilities of regional importance such as a college campus, theme park, county, state, or
federal government buildings, and so on.

or on low-speed local roads, cancels any advantage of traveling at relatively high speed (more than 35 or
40 mph) for a small fraction of the trip. (And on most short suburban trips the majority of the time is not
spent moving freely on high-speed roads.) The LLM network also can provide more direct access than
can a grid.

10According to the 1995 Nationwide Personal Transportation Survey (NPTS) for the U. S, the average
distance of walking trips is 0.5 miles, and the average of cycling trips is 1.4 miles (our calculations using
NPTS data files). However, these distances (in particular for cycling) are based on a tiny sub-set of all
travelers and trips, and are for trips made in the relative absence of infrastructure specifically designed
for the safe, comfortable conveyance of cyclists. Thus we regard these average trip distances from the
1995 NPTS as lower-bound estimates of the average walking and cycling distances one would observe in
a small city designed as we propose.

11 The town of Davis, California, has 66,000 people in a total of 8.6 square miles, excluding the area of the
University (www.city.davis.ca.us/aboutdavis/statistics.htm). Assuming that Davis is more dense than
the low-density version of our prototypical town (because of the high percentage of multi-family
housing units accomodating students), we suggest that the low-density version of our town has an area
of roughly 10 square miles and about 50,000 people. This corresonds to a circle with a radius of about 1.8
miles, with an 0.5-mile radius (1 square mile) in the civic/commercial/educational core and 9 square
miles of residential area.

Nine square miles is about 5800 acres. Assuming 50,000 people and 2.5 persons per household on
average, there would be 20,000 households and about 3.5 households (including roads, sidewalks, paths,
greenbelts, and parks) per total acre, on average. This is a relatively low average density - low enough,
we believe, to be appealing to virtually everyone who desires low-density suburban living.
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The transportation network and community thus can grow from just one short radial
arm and a rudimentary town center —a few thousand people, perhaps—to as large as a
small city of 100,000. A rudimentary town can grow to a larger town in two ways: by
the addition or extension of neighborhood branches or by an increase in density along
existing branches and in the town center.

The first way, growth by addition of new radial neighborhoods or the extension of an
existing one, is subject to three general constraints:

1) No radial LLM street should be longer than is likely to be commonly acceptable to
persons at the outer end of the street (i.e., should not make for a longer trip into to
the center of town than they likely would have in a conventional suburb).

2) The LLM network must (eventually) grow around the town center, not indefinitely
linearly along one side of it.

3) Land suitable for an LLM street or FHV road must be available on both sides of
every house.

The second way, growth by densification, is constrained by the ability to increase the
capacity of the existing transportation infrastructure to accommodate the increased
travel generated by the increased density (as well as the ability to increase other
infrastructures — water, sewage, DSL, etc. —to meet other demands of increased
population).

If a small town faces pressure to grow, but does not want to become a large town, then
it can polynucleate —spin off a new town with a new town center and new LLM and
FHYV networks. The original and the new town can share a common length of FHV
beltway and be joined by grade-separated LLM crossings of the beltway. Figure 5
shows this pattern in the abstract. As just mentioned, the outer FHV beltway functions
as a shared boundary, facilitating convenient FHV access between towns and from
towns to the rest of the world.-

A note on retrofitting existing cities: To achieve this plan in large cities, either small
cities must grow up around an LLM and FHV infrastructure, as mentioned above, or
else existing large cities must be retrofitted. In general, retrofitting will be easier in cities
with a radial street system and room for new infrastructure. It will be very difficult and
costly in cities already completely built up around a grid pattern of wide streets,
although it might be possible to retro-fit our plan to existing street grids by breaking
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grids in strategic locations.!? In any case, we emphasize again that our plan is intended
mainly for new developments and not for existing cities.

The impact of the LLM network on transportation problems: safety

The transportation and town plan described here provides substantial social and
economic benefits, while at the same time enlarging choices for travel and living. Most
importantly, the LLM network dramatically improves transportation safety, without
increasing the time or cost of travel. In fact, it should be possible to virtually eliminate
fatal crashes on the LLM without sacrificing travel convenience. This unique, qualitative
safety improvement and, indeed most other social benefits of the LLM network —are
attributable to one remarkable attribute: The average kinetic energy on the LLM will be as
little as 1/20th of the average on the present road network.13

Figure 6, which shows normalized kinetic energy as a function of vehicle mass (from 0
to 6,000 Ibs, in 200-Ib increments) and speed (from 0 to 60 mph, in 2-mph increments),
illustrates the dramatic difference between the kinetic energy of LLMs and the kinetic
energy of FHVs. The kinetic energy has been normalized so that level 1.0 (the area in
torquoise) is close to the maximum likely average kinetic energy on an LLM network. In
the scheme of Figure 6, an 800-Ib. vehicle traveling at the maximum speed of 25 mph, or
a heavily loaded vehicle of 1250 Ibs traveling at 20 mph, has a kinetic energy of 1.0.
Many LLMs, much of the time, will have even less kinetic energy, and fall well within
the torquois area of Figure 6. Bicycles and mopeds have kinetic energy in the range of
0.1 to 0.2. By contrast, Sport Utility Vehicles (SUVs) traveling at 30-35 mph, and small
compact cars traveling at 40-45 mph, have a kinetic energy an order of magnitude
higher than the LLM maximum average - level 10 in Figure 6 (the top of the yellow
area). SUVs traveling at 45 mph have a kinetic energy roughly 20 times higher than the
likely LLM maximum (the top of the orange area). The kinetic energy of heavy-heavy
trucks traveling faster than 20 mph is way off of the chart.

12Zandee (2000) discusses retrofitting specific cities in the Netherlands. However, his basic design
principals and desired ends differ from ours, and his retrofits are hypothetical, not analytical in the sense
of developing engineering plans and cost estimates.

13The kinetic energy, or energy of movement, is equal to 1/2 MV2, where M is the mass of the object and
V is the magnitude of its velocity. The kinetic energy thus is more sensitive to velocity than mass. An 800
Ib. vehicle moving at 20 mph has 1/20th the kinetic energy of a 4000 Ib. vehicle moving at 40 mph.
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Figure 6. Normalized kinetic energy of vehicles as a function of speed and mass

It is evident from first principles that this enormous reduction in kinetic energy will
result directly in a reduction in crash energy, and ultimately in a corresponding
reduction in the risk of personal injury or death. These principles have been amply
documented; many studies have shown that the risk of any fatality (whether to
pedestrians, cyclists, drivers, or passengers) decreases with decreasing vehicle speed
such that below 20 mph, the risk —even with heavy motor vehicles in the system —is
close to zero (Robinson et al, 2000; Leaf and Preusser, 1999; Federal Register, 1998).
Even relatively modest reductions in speed, such as result from so-called “traffic
calming speeds,” significantly reduce accidents (Elvik, 2001; Clarke and Dornfeld, 1994).
And it is obvious that were vehicle weight as well as speed reduced, as it is in our
proposal, the risk would be diminished further'4. There is much less risk to everyone

14This discussion should not be conflated with the debate about the effects on safety of improving the
present fleet-average fuel economy by making more small cars. It is clear that on roads with large
numbers of 5,000 Ib. sport-utility vehicles moving at speeds over 70 mph, relatively small vehicles are
riskier for their occupants in some situations. But it also is likely that the main factor here is not size per
se, but rather the great difference in size (Gabler and Hollowell, 1998; Kahane, 1997). And this often is not
highlighted because it is presumed to be irrelevant to policy: if we will not fight the consumer choices
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from two 800 lb. vehicles traveling at 20 mph than from two 4,000 Ib. vehicles traveling
at 20 mph. The few studies that have also considered vehicle weight and speed have
documented the additional advantage of having less weight as well as lower speed.!>

Finally, this near-zero fatality rate is achievable without any special attention to safety
design specifically in the context of an LLM network. But it is likely that relatively
simple and inexpensive design considerations — for example, shaping vehicles so that
they are more likely to deflect pedestrians and cyclists rather than hit them head on,
making vehicle shells softer,'® and using roundabouts at key intersections!'” —could
practically eliminate serious injuries and fatalities and the fear and stress that they

that lead to the disparity in vehicle sizes, why discuss situations in which those disparities don’t exist? If
anything, the debate over fuel economy standards lends additional support to the theoretically obvious
conclusion that an LLM network with a maximum speed of 25 mph and a maximum loaded mass of
around 1600 lbs. will be vastly safer than the present road network.

15Kahane (1997) analyzesthe historical relationship between vehicle mass and fatalities and estimates that
a 100-1b reduction in the weight of passenger cars would reduce fatalities in car-car, car-motorcycle, car-
bicycle, and car-pedestrian collisions by about 1%. Note that this estimate pertains to a mere 100-Ib.
reduction in the weight of conventional vehicles, whereas in our plan LLMs would weigh thousands of
pounds less than conventional vehicles. Although Kahane (1997) does find that at current vehicle speeds
the occupants of lighter vehicles would be more at risk in collisions with fixed objects, we expect that at
the very low speeds on the LLM network there would be very few fatalities in vehicle collisions with
fixed objects regardless of vehicle mass.

Moreover, for two reasons, LLMs are less likely to roll over than are FHVs. First, because they
have such a low maximum speed (25 mph), they are less likely to reach their “critical sliding velocity”
(CSV), which is the lateral (sliding) speed at which the vehicle can trip. (Data in Heydinger et al. [1999]
indicate that the CSV increases with decreasing vehicle weight and might be about 15 mph for 1000-1b.
vehicles.) Second, the “static stability factor” (SSF), which is a measure of rollover resistance and is equal
to the track width divided by the twice the height of the center gravity, might be higher for LLMs than
for FHVs. (Heydinger et al. [1999] report that the SSFs of passenger cars are less than the SSFs of light
trucks and SUVs, which are heavier than passenger cars.)

16To put it plainly, soft shells and windshields are much less likely to crack skulls. So why don’t FHVs
have soft shells? Because soft shells cannot protect the FHV occupants from the impact energy from other
FHVs, and hence generally do not pass Federal Motor Vehicle Safety Standards. But if the impact energy
is reduced by at least 90 percent, which it will be on an LLM network, then vehicles won’t need a hard
shell to protect their occupants. Federal regulations recognize this: there are no Federal safety regulations
whatsoever for vehicles with a top speed of less than 20 mph, and only a very minor, entirely
unrestrictive set of regulations for “low-speed vehicles” with a top speed between 20 and 25 mph
(Federal Register, 1998). Thus, whereas FHVs must be designed to minimize risk in high-energy
collisions, the fastest, heaviest LLMs may be (and should be) designed to minimize risk to pedestrians,
cyclists, and operators of other non-motorized LLMs.

17Roundabouts, which work very well with LLMs, have been shown to improve safety and convenience
simultaneously (Robinson et al, 2000; Leaf and Preusser, 1999).
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engender. In light of the extraordinary human suffering caused by crashes in -
conventional transportation systems, the near-perfect safety of an LLM network will
have great social value.

Perhaps most significantly, we believe that an LLM network will seem completely safe,
and for this reason alone be very appealing. Bicyclists and pedestrians will be much
more comfortable around small, light, slow-moving motor vehicles. Drivers of small,
slow-moving motor vehicles will be better able to see pedestrians, cyclists, and small
children, especially when they (the drivers) back out of driveways, and hence will be
and feel less threatening. With so much less mass and movement than a conventional
road, the LLM network will seem pleasant rather than foreboding. The psychology of
travel will change, and the pleasure of freedom of mobility will replace stress.

Mobility and public transit

Mobility for groups that cannot drive FHVs. Because they are low-speed, safe, inexpensive,
and convenient, LLMs are attractive to four groups for whom ownership and use of
FHVs is now problematic: the young, the elderly, the poor, and those otherwise without
licenses to drive FHVs. The LLMs and the LLM network provide a safe means for
teenagers to get to and from school, recreational opportunities, and part-time jobs
which for teenagers are likely to be located in the town center or in the neighborhood
along their LLM street. Because the LLM network is inherently safe, it will be
reasonable to allow young teenagers to operate at least some motorized LLMs, such as
mopeds, motor scooters, and vehicles with a top speed of 20 mph or less. Similarly,
LLMs are safe and convenient for some of those elderly whose physical skills render
them unable or unwilling to operate FHVs. Thus, the licensing requirements for
motorized, low-speed low-mass automobiles ought to be less restrictive than those for
FHVs. Even some of those who have lost their license to drive FHVs ought to be
allowed to drive LLMs on account of the inherent safety and low social cost of LLMs.
Finally, the low cost of owning and operating LLMs will make them affordable to some
households too poor to purchase FHVs (a point to which we return below).

LLMs and the need for conventional public transit. Debates about conventional bus and
train transit are among the most heated in transportation planning. Compared with
travel by private automobile, public transit is heavily subsidized, even when one
considers all costs to society (Delucchi, 2000a). Hence, public transit is a costly way to
provide transportation to those unable to use private transportation. And the distorted
prices caused by public subsidies to transit give incentive to some to use this inefficient
mode of transportation. In our plan, private and publicly operated LLMs can replace
conventional public transit and provide considerable savings to the public.

To begin with, conventional public transit is of marginal and declining significance in
the U. S. (Federal Highway Adminstration [FHWA], 1993; Hu and Young, 1999; Polzin
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et al., 1998).18 Outside of the center of a few large urban areas, public transit generally
accounts for less than one percent of trips (Polzin et al., 1998). Thus, in suburbs and
small towns, the target of our transportation and town plan, the present need for public
transit is extremely small'®, and on the face of it can be met by LLMs. Therefore, we will
look more closely at different kinds of public transit users and consider more carefully
whether our transportation and town plan, without conventional public transit,?’ can
reasonably meet their needs

We will consider five kinds of public transit users (the categories are not mutually
exclusive): (i) those unable to drive an FHV (the young, the elderly, and the unlicensed);
(ii) those too poor to afford FHVs; (iii) children who are bused to school; (iv) those who
choose to use transit because it is more convenient or less costly than driving; and (v)
commuters (primarily commuters to central cities).

As we discussed above, many of those who are unable to drive FHVs will be able to
drive motorized LLMs, from mopeds to full-featured mini-cars, and many of those
unable to afford an FHV will be able to afford some kind of LLM. For those few who are
unable or unwilling to own or use personal LLMs, public entities can provide LLM
mini-vans, LLM taxis, or LLM-sharing arrangements. We expect that such public LLM
service will be needed on the order of 0.1 percent of trips.

According to the 1990 NPTS, school buses served nearly as many person-trips as did all
other transit—1.7 percent of all person-trips in 1990 (FHWA, 1993). (We expect that the
percentage is significantly smaller in small towns and suburbs.) For this analysis, it is
useful to consider three classes of users of school buses: (a) those who are close enough
to walk or cycle to school, but do not because the roads are too dangerous; (b) those
who live too far from school to walk or cycle and would be driven to school by their
parents were the driving a little more convenient; and (c) those for whom walking,
cycling, or being driven by parents is impossible or very inconvenient. Because an LLM
network will be vastly safer and significantly more convenient and pleasant than an
FHYV network, most of the class (a) school bus users will walk or cycle to school on the

18However, Progress (2000) reports FHWA data that transit boardings increased about 5 percent per year
from 1996 to 2000 — greater than the annual increase in vehicle miles of travel.

19Suburbs and small towns have relatively few transit users in part because they have relatively few low-
income households, which tend to use transit more than do higher income households (Murakami and
Young, 1997; Polzin et al, 1998)

20Since the FHV road system in our plan is ubiquitous, it is possible to provide conventional bus transit
within the town we propose. However, because the FHV network is more circuitous for intra-town travel
than is the LLM network, and indeed than is a conventional grid system, a bus transit system in our town
would be even more inefficient than are current suburban bus systems.
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LLM, and many of the class (b) school bus users will be driven to school on the LLM by
their parents. For those who cannot walk or cycle or drive to school on the LLM, the
schools themselves can provide LLM van service. Assuming that a substantial portion
of the present bus trips to school can economically and conveniently be transferred to
LLMs, van service provided by the schools will have to handle many fewer students
than do current conventional school buses.

The fourth class of transit riders we consider here is people who chose transit because it
offers advantages over private vehicles. These so-called “choice” users are about 30
percent of all transit users (Polzin et al., 1998). (They may be an even greater percentage
of transit riders in suburbs and small towns.) For these transit users, LLMs generally
will be at least as convenient as conventional transit, and certainly less costly to society,
and therefore attractive to both users and society. In any case, such users may use any
public LLM mini-van, taxi service, or car-sharing arrangements.

Finally, in present land-use/transportation systems, commuters to central cities are a
sizable plurality of transit riders —according to data from the 1995 NPTS, 44 percent of
transit trips are reported to be made during the peak commute periods of 6 a.m. to 9
a.m. and 4 p.m. to 7 p.m.But residents of towns planned as we propose here will have
access to jobs within town via LLMs, which in many cases should prove more
economical and especially more convenient than present public transit. People working
outside the town either can use private FHVs to leave town via the outer high-speed
beltway or else take the LLM network to an inter-city transit station in the center of
town. This intercity transit center connects via the FHV through-roads and outer
beltway with intercity transit centers in other town centers (see Figure 5) .

The LLM network and town plan thus facilitate conventional public transit between
towns. Each town center can have an inter-town bus or rail station. The station is easily
accessible within the town via the LLM network,?! and is connected to stations in other
towns along the FHV corridors that penetrate from the outer beltway to the town core.
By providing convenient “feeder” access to a central transit node, the LLM network
makes it more likely that inter-city transit system will be able to operate cost effectively.

Road capacity, congestion, and parking

Road capacity and congestion. Congestion depends on the relationship between travel
demand and infrastructure capacity. Congestion is most serious at peak commute hours
on major roads that serve a wide travel area and tends to worsen as the areas served by
the major roads expand. Traffic planners for new communities thus try to anticipate the
eventual extent of development and where and how people will travel. Because our

21In this regard, our proposal is ideally suited for “station cars”—LLMs owned by a transit agency or
some other mobility provider and rented to transit users for travel to and from the transit station .
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plan prescribes limits on the extent of major LLM roads and directs flows towards the
center of town, it may facilitate planning street capacity for maximum and average
daily traffic flows.

As illustrated in Figure 2, the LLM network directly connects the residential areas with
neighborhood nodes and the center of town. There are no cross-links within or between
major branches. For the purpose of planning street capacity, it probably is reasonable to
assume that households will travel down the branch to the neighborhood node or town
center and then back. The traffic volume along a main LLM branch then will be
determined by the extent of the minor branches feeding into the main branch (see
Figure 2), and by the housing density along minor branches. The extent of the minor
branches is limited ultimately by the requirement that the travel time from the end of
the outer LLM branches to the center of town not be significantly greater than it would
be in a conventional street system (otherwise, people might prefer a conventional street
system). As we discuss elsewhere, we hypothesize that a town radius of two to three
miles is the upper limit on desirable town size.

Given this, we believe that in planning an LLM street system one can find relatively
easily balance the costs (money and loss of land) and benefits (faster and safer travel) in
choosing street width and speed limits. For example, because the outer ends of the
residential LLM branches are dead-ends that serve only a few houses, the traffic volume
will always be very low, and thus the streets can be quite narrow —about 12 of
pavement, with a few feet of adjacent right-of-way for pedestrians. On these narrow
streets non-motorized LLMs will share the road with motorized LLMs, and the largest
LLMs (4 or 4-1/2 feet wide) traveling in opposite directions will have to slow down
considerably to pass. However, the total traffic volume will be too low to warrant
wider, more obtrusive, and more costly streets. But because these streets will be narrow
and because motorized and non-motorized LLMs will share undifferentiated right-of-
way, there should be in these areas only be a posted speed limit of less than the 25 mph
technological maximum — say, 15 miles per hour.

Further toward the town center, where more houses feed into the traffic stream, LLMs
will pass each other more frequently. Therefore, the street will need to be wide enough
to allow to LLMs to pass comfortably and some provision may be need for left-turning
(i.e., cross traffic) movements. For this, pavement about 15 feet wide (plus unimproved
right-of-way for pedestrians) should be sufficient. Near the town center, the streets will
have to accommodate a relatively high volume of traffic, more frequent left-turns??, and

22] eft-turn lanes will be required where traffic volumes are high enough that without turn lanes turning
vehicles would significantly delay through traffic, but not high enough to warrant the use of
roundabouts, which as we note elsewhere are especially well suited to LLMs (albeit more expensive than
turn lanes). We have not determined where on the LLM network such “in-between” volumes that
warrant left-turn lanes might occur.
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a mix of “fast” motorized LLMs and slow non-motorized LLMs. This will require
pavement about 20 feet wide (27 feet where left turn lanes are required), with separate
lanes for motorized and non-motorized LLMs, left turn lanes, and unimproved paths
for pedestrians. (The pavement would include 3 feet of pavement for non-motorized
LLMs and 7 feet for motorized LLMs, in each direction. An additional 7 feet will be
required wherever there are left turn lanes.) The central LLM ring road and the radial
LLM roads feeding into it will have two relatively wide lanes for motorized LLMs, a
completely separate paved path for non-motorized LLMs with an unimproved
pedestrian path alongside and roundabouts at major intersections. Here, the pavement
will be about 25 feet wide. This will allow the high traffic volumes near the town center
to flow smoothly, yet will consume no more space than do local roads in suburban
areas.”

The FHV roads will range from more than 30 feet wide at their junction with the outer
beltway to about 20 feet wide at their innermost ends near the town center. (Recall that
the FHV roads radiate inward from the outer beltway and terminate near the center of
town, the reverse of the LLM roads. See Figure 1.) Towards the outskirts of town near
the junction with the outer FHV beltway, where the traffic volumes will be relatively
high, the FHV roads will be widest. Each FHV / outer-beltway junction is the FHV
entrance to a neighborhood and will be designed to accommodate with no more than
tolerable delays the maximum daily flows generated by people traveling in and out of
the neighborhood. Although the volume at these FHV /beltway junctions will tend to
peak during commute times if many people work outside of the town in which they
live, experience with the present road network tells us that we can accommodate such
peak flows onto the FHV branches by having dedicated turn lanes off of the beltway
onto a wide two-lane FHV branch-road . If the traffic density declines toward the center
of town, the FHV roads can narrow accordingly, with the result that at the very inner
ends closest to the town center, the FHV roads may be relatively narrow alleys. Speed
limits on all radial segments of FHV roads would be 30 mph —to limit noise and
enhance safety on these relatively narrow roads. The speed limit on the outer beltway
FHV road and the FHV roads that penetrate to the town center can be higher.

In our plan, there is nothing unusual about the outer FHV beltway. It is a typical high-
speed, multi-lane, high-volume roadway, and hence can be designed and built
according to present conventional practice.

The size of the LLM and FHV networks is illustrated in Figure 2, which shows a
detailed scale map of the LLM/FHV network around the town center.

2Delucchi and Murphy (2001) use data from the Federal Highway Administration to estimate that local
roads (including shoulders and dividers) in urban areas are 28 feet wide on average.
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On-street parking. We believe that it is undesirable and unnecessary to pave space for
on-street parking on either the FHV or the LLM network. Pavement space for on-street
parking would nearly double the width of the LLM, an unacceptable aesthetic intrusion
and waste of land, with no appreciable benefit. In the single-family residential areas,
households are free to have as much off-street parking as they think is necessary and
multi-family housing units and all of the town center should be designed with sufficient
off-street parking.

There are two ways to accommodate the rare occasions when a single-family household
attracts more vehicles than can be parked on its own property: allow for an
unimproved, off-street, public parking easement along the paved part of the LLM
network, or preferably, have off-street public parking areas along each main
neighborhood branch, within reasonable walking distance or a quick one-minute car
shuttle of most households. Figure 2 includes two such neighborhood parking areas,
around a neighborhood park.

Environmental Impacts

Energy use, oil use, and greenhouse-gas emissions. From shortly after the Arab oil embargo
of 1974 to the fall in the price of oil in the mid-1980s, U. S. energy policy was concerned
with conserving energy and reducing oil use. Since about 1988, energy policy has been
concerned increasingly with reducing emissions of so-called greenhouse gases, which
are thought to be changing global climate (Intergovernmental Panel on Climate Change,
1996a, 1996b). Analysts now routinely evaluate transportation plans for their energy
use, oil use, and greenhouse-gas emissions.

LLMs use much less energy and have much lower emissions than do conventional
FHVs. The huge reduction in average kinetic energy (see Figure 6 and associated
discussion) throughout a town based on an LLM network translates directly (although
not proportionately) into a large reduction in the total lifecycle energy required for the
manufacture, operation, and maintenance of vehicles and infrastructure. Because
emissions of CO, and other greenhouse gases are closely related to energy use, a large
reduction in lifecycle energy use results in large reductions in greenhouse-gas
emissions.

To analyze lifecycle energy use and emissions of greenhouse gases, we use a recently
expanded version of the lifecycle emission model (LEM) developed by Delucchi (2001,
1997). This model estimates emissions of urban air pollutants and greenhouse gases
from the lifecycle of fuels from feedstock production to end use and from the lifecycle of
materials from raw resource extraction to manufacture and assembly. It does this for a
wide range of transportation modes, vehicle technologies and energy sources, including
buses, trains, and electric vehicles.
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For this analysis, we compared conventional travel modes with LLMs for the year 2000.
Table 1 shows the lifecycle CO»-equivalent emissions estimated by the LEM. The CO»-
equivalent is a way of expressing the impact of emissions on global climate; it is equal
to actual emissions of CO», plus emissions of other gases expressed in terms of the
amount of CO; that would have the equivalent effect on climate. The other gases are
CHy, CO, hydrocarbons, NOy, SOy, particulate matter, and refrigerants.

The results reported in Table 1 show that LLMs will provide large reductions in
lifecycle emissions of greenhouse gases, even when compared with relatively efficient
subcompact gasoline FHVs (28 mpg in city driving) or extremely efficient diesel FHVs
(41 mpg in city driving). Full-feature electric LLMs, which we anticipate will be most of
the traffic on the LLM network, offer emissions reductions of more than 70 percent
compared with efficient, subcompact FHVs. They offer lower emissions than public
transit, except as compared with rail transit with double the current average load factor.
And of course the smaller LLMs, such as scooters and bicycles, offer greater reductions
in emissions than even high-occupancy public transit.

Because of the close relationship between energy use and greenhouse-gas emissions,
percentage reductions in energy use are similar to the percentage reductions in
emissions shown in Table 1. Percentage reductions in oil use are similar for the
petroleum-using options and greater for the electric options. LLMs reduce total energy
use for transportation, and thus reduce petroleum consumption.

Considering the difficulty and cost of doubling current average load factors for transit
in the U. S., we conclude that no other near-term transportation strategy aimed at FHVs
or transit—not fuel economy improvements for FHVs, not fuel substitution for FHVs,
not demand management, not increased use of public transit— promises reductions in
energy use, oil use, and greenhouse-gas emissions as large as those that can be provided
by LLMs operating on a dedicated LLM network.
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Table 1. Lifecycle COz-equivalent emissions from transportation modes

g/ passenger-miled | % change vs. FHV
ModeP | Mode technology Fuel Fuel+ Fuel Fuel+
cycle® |material® | cycle¢ |material©
FHV | gasoline vehicle, 28 mpg city driving 493 600 - -
FHV | diesel vehicle, 41 mpg city driving 307 404 -38 -33
transit | diesel-fuel bus: 10, 20 passengersd 363,181 | 441,220 | -26,-63 | -26,-63
transit |light-rail train: 20%, 40% Capacityd 199,100 | 216,108 | -60,-80 | -64,-82
transit | heavy-rail train: 20%, 40% capacityd 207,104 | 245,123 | -58,-79 | -59, -80
LLM | gasoline car, 57 mpg city driving 229 269 -54 -55
LLM electric car, 7 mi./kWh, U. S. power¢€ 118 173 -76 -71
LLM |4-stroke gasoline scooter 93 114 -81 -81
LLM | electric scooter, U. S. power€ 67 93 -86 -85
LLM |bicycling 28 -99 -95
LLM |walking 0 -100 -100

aFor the FHVs and LLMs, we assume one passenger per vehicle.

bEHV = fast, heavy (conventional) vehicle; transit = public transit; LLM = light, low-speed

mode.

CThe fuel cycle includes the lifecycle of fuels, from feedstock production to end use, and
emissions related to vehicle maintenance, repair, and servicing. The fuel+material lifecycle

includes the lifecycle of fuels plus the lifecycle of all materials, vehicle assembly, and

infrastructure construction.

dThe average occupancy of buses in the U. S. is around 10, and the average capacity factor for
trains is around 20 percent (see statistics reported by the Federal Transit Administration). We
show emissions per passenger mile at both the current average occupancy and double the
current average.

€The average power mix in the U. S. in the year 2000 is estimated to be 55 percent coal, 3 percent
fuel oil, 13 percent natural gas, 18 percent nuclear, 9 percent hydro, and 2 percent biomass.

Water pollution. Oil, fuel, coolant, and other chemicals leak or are discarded from motor
vehicles and service stations and eventually pollute rivers, lakes, wetlands, and oceans.
Several studies have shown that motor vehicles are a major source of pollution in urban
runoff (Latimer et al., 1990; Lord and Smith, 1990; Bannerman et al., 1993) and storm
runoff (EPA, 1993). This polluted runoff, in turn, can significantly degrade rivers, lakes,
streams, and wetlands.
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If the LLMs are either non-motorized or electric-power, then compared with FHVs and
LLMs powered by internal combustion engines, leaks and discharges of lubricating oil
and engine coolant will be greatly reduced, and leaks of fuel (and constituent chemicals,
such as MTBE) from vehicles and underground tanks will be eliminated. Furthermore,
to the extent that the use of motor fuel affects the probability of large spills of crude oil
in sensitive habitats, the use of non-motorized or electric LLMs will reduce the
frequency and costs of oil spills. In short, with LLMs water pollution may no longer be a
major concern of transportation policy.

The overall average lower vehicle mass and speed reduce currently unregulated
pollutants in runoff, such as dust from tires and brakes.

Solid waste. The production, use, and disposal of motor-vehicles and fuels produces a
variety of solid wastes, including dredge from resource extraction, waste sludge from
oil refineries, excess material from vehicle manufacture, and of course scrapped vehicles
and parts.

Scrappage is the most important source of solid waste in the current (FHV) motor-
vehicle production-and-use system. Presumably, most of the unrecycled waste of the
motor-vehicle system —cars, car parts, tires, batteries, debris from highway
construction, and more —is properly disposed in landfills. Some of it, however, is
dumped or abandoned illegally. This improperly disposed waste is always an eyesore
and can be dangerous and damaging to human health and ecosystems.

If people dispose of LLMs more or less as they now dispose of FHVs (and if the use of
LLMs does not appreciably change total travel, a point we take up below), then the
amount of waste created by LLMs relative to the amount created by FHVs will be
roughly proportional to the mass of LLMs relative to the mass of FHVs. Murrell, et al.
(1993) report that 1991 model-year passenger cars had an average curb weight of 2853
Ibs. and that 1991 model-year light-duty trucks had an average curb weight of 3649 Ibs.
Given that the heaviest LLMs will have an unladen weight of 1000 to 1200 Ibs., and
assuming as above that the generation of waste is proportional to mass, LLMs will
generate no more than one-third as much solid waste as FHVs.

The batteries in electric LLMs may contain toxic materials such as lead. Lave, et al.
(1995) argue that the use of lead/acid batteries in EVs may significantly increase the
amount of lead in the environment, especially if the vehicles are inefficient and
environmental controls and recycling in the lifecycle of lead are relatively ineffective.
Because lead is such a harmful compound, this would be a serious concern. However,
as discussed below, the battery pack in an LLM will be much smaller than the pack in
an electric FHV. (Lave, et al. (1995) analyze only FHVs.) Moreover, state-of-the art
facilities in the lead lifecycle are extremely clean (Science, 1995). We believe that any
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increase in lead flows that might result from the use of battery-electric LLMs will be
handled acceptably by modern environmental and recycling programs.

Despite the virtual disappearance of lead-acid batteries from discussions of traction
batteries for modern FHV EVs, LLMs operated in LLM street networks are suitable
vehicles for lead-acid batteries. The vehicles will be light, speeds will be low,
accelerations will of necessity be modest (or at least short in duration), and daily travel
distances will be short. Thus, the high specific energy and power of other more
expensive battery chemistries would not be highly valued in LLMs.

Noise. In many urban areas, noise is a serious problem. Noise disturbs sleep, disrupts
activities, hinders work, impedes learning, and causes stress (Linster, 1990). Indeed,
surveys often find that noise is the most common disturbance in the home
(Organization for Economic Cooperation and Development, 1988). Motor vehicles
generally are the primary source of that noise.?

Overall, people in the town plan we propose will be exposed to less vehicle noise than
are people in conventional suburbs. Noise from the LLM network will be much less
than noise from a typical suburban FHV road system. Conventional motor vehicles
have two sources of noise: combustion in the engine, and the contact between tires and
the road. Total noise emissions are very sensitive to speed because tire-road noise
increases sharply with vehicle speed, such that at high speeds the tires make more noise
than does the engine. Using the noise-emission equations in the FHWA's Transportation
Noise Model (see Delucchi and Hsu, 1998), we estimate that internal-combustion LLMs
traveling at an average speed of 20 mph will make about one-fifth the noise of internal-
combustion FHVs traveling at 35-38 mph (a typical speed on local roads).?> The
substitution of an electric motor for an engine will reduce noise even further. And of
course non-motorized LLMs make essentially no noise.

To the extent that our FHV network speed limits are lower than they are on a
conventional suburban road, FHVs in our plan will emit less noise than do FHVs in
conventional suburbs. (Note that in our plan the only high-speed FHV routes are the
beltway at the outer edge of town and those two or three FHV routes that penetrate to
the town center; see Figure 1.) Furthermore, it should be relatively easy and desirable to
layout the street system and design houses and businesses to be oriented (and hence

24Delucchi and Hsu (1998) present an analysis of the social cost of motor-vehicle noise in the U. S.

25In the Transportation Noise Model, noise emissions also are a function of the fraction of time vehicles are
cruising rather than accelerating. (Accelerations are noisier.) We believe (and assumed in our analysis)
that LLM traffic will flow more smoothly than does local FHV traffic because there will be fewer
intersections in the LLM network.
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more exposed) to the LLM rather than the FHV network. This will reduce actual
exposure to whatever noise is generated by FHVs.

Air pollution. Although LLMs emit less air pollution than do FHVs, this social benefit
may be comparatively minor given improvements in emissions from conventional
vehicles. A decade ago, the air emission differences between LLMs (especially electric
and non-motorized LLMs) and FHVs were relatively large and perhaps a compelling
reason to develop LLM technology. Today, however, properly functioning gasoline
FHVs are so clean that any further reductions in air emissions that LLMs provide may
no longer be their primary benefit in suburban areas.

Interestingly, there is a “private” benefit that may be more significant than the residual
social benefit: electric and non-motorized LLMs are inherently emission-free and hence,
unlike modern gasoline vehicles, do not have to be inspected and maintained to ensure
that emissions remain low. For this reason, electric and non-motorized LLMs will be
more convenient to own and operate. (Gasoline-powered LLMs will have to be
inspected and maintained just as FHVs are.)

Presently, emissions from heavy diesel vehicles are much more problematic than
emissions from gasoline passenger vehicles. The LLM and FHV networks may facilitate
some reductions of emissions from diesel trucks, compared with their emissions in a
conventional street system. In our plan, large trucks can be driven directly from
highways to town centers, conceivably without stopping before they arrive at the core
of the town center where they make deliveries. (However, neighborhood stores may
have to be supplied by some trucks traveling the radial FHV streets.) The overall plan
thus may allow minor reductions in emissions from diesel trucks. In any case, the
considerable efforts now underway to clean up emissions from heavy trucks must
continue.?

Aesthetics. The present motor-vehicle infrastructure is ugly (Button, 1993). Roads, gas
stations, car-sale lots, car-repair shops, parts stores, parking lots, and garages form
dreary, chaotic strip developments decried by architects and city planners (e.g.
Kunstler, 1993). Surveys report the general public feels that the world would be prettier
without roads (Huddart, 1978). And the unsightliness of scrapped autos and junkyards
has been formally condemned by the courts: according to Woodbury (1987), a court in
Colorado ruled that a stockpile of old cars, scrap metal, petrochemical drums, and other
obnoxious debris near a mountain cabin was an unsightly eyesore and had to be
removed solely because it was unaesthetic.

26In 2000, the EPA adopted emission standards for new diesel trucks and buses that would cut sulfur by
97%, nitrogen oxide emissions by 95%, and particulate emissions by 90%, by 2007. See Walsh (2001) for a
review of emissions regulations for diesel vehicles worldwide.
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Partly as a result of the protests of the 1960s, the highway planning process in the U. S.
was amended to better accommodate community concerns. However, by and large,
urban planners and architects have not been able to control strip development and
improve the esthetics of roadside America. We expect that motor-vehicles and the
infrastructure that supports them will continue to exact an esthetic “cost” for the
foreseeable future.

Because of the low speed and small size of LLMs, the LLM network will not have wide
roads, traffic lights, medians, railings, or shoulders. As explained above, it need not
have on-street parking. And if motorized LLMs use electric motors (which we think
they should), the LLM network will not have gasoline stations. All of these features will
make the LLM network much less visually intrusive and socially divisive than is the
present street system. Indeed, properly designed, an LLM network can be an
esthetically pleasing, integral part of a townscape. Even the FHV network in our plan
will be less unsightly than a conventional suburban FHV road system, because in our
plan houses and businesses are (or should be) oriented away from the FHV road, which
function rather like service alleys.

Community fragmentation. The roads and freeways intended to connect people to places
can divide communities, impede non-vehicular circulation, and create barriers to social
interaction (Sheller and Urry, 2000; Marshall, 2000). Marhsall (2000) believes that
“transportation determines the form of our places" (pp. x-xi), and that the automobile
and highway system destroy our long-standing sense of urban “space”. Sheller and
Urry (2000) remark that (p. 744):

Automobility has fragmented social practices that occurred in shared public spaces
within each city...In particular, automobility divides workplaces from homes...it splits
homes and business districts [and] separates homes and various kinds of leisure
activities. Automobility turns access zones on urban fringes into wastelands..

The infrastructure itself may physically split (or bury) neighborhoods. Indeed, the
“freeway revolts” that began in the late 1960s and shut down freeway projects in
several cities (for example, the dead-end Embarcadero Freeway in San Francisco, torn
down after the 1989 Loma Prieta earthquake) were spawned in part by these sorts of
negative social impacts. And vehicle traffic itself can disrupt the social functioning of
neighborhoods and communities. Soguel (1995) cites a study by Appleyard that shows
that “residents of San Francisco with light volumes of traffic have three times as many
local friends and twice as many acquaintances as those on heavily traveled streets.”

The LLM network will function to define, unify, and connect neighborhoods rather than
to separate and isolate them. No high-speed, high-volume roads transect the
neighborhoods. Virtually all roads —FHV as well as LLM — in our system terminate in
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cul-de-sacs. All LLM roads lead to “town.” These features will make the transportation
system in our plan far less obtrusive and divisive than it is in a conventional suburb.

Note on changes in total travel and mode shares. In the analysis of environmental impacts
presented above, we assumed that every mile driven in a large, motorized, full-featured
LLM replaces a mile of travel in an FHV. There are two ways that this assumption may
be false and the environmental benefits of LLMs thus slightly less than estimated. First,
some trips in LLMs might be “new” trips in the sense that when LLMs are used total
travel by all modes increases compared with the status quo. This will be the case if
compared with conventional alternatives travel by LLMs provides greater net benefits,
due to some combination of greater benefits and lesser costs. In this case, the
environmental impacts of LLMs will be increase in proportion to the amount of new
travel. However the environmental impacts per mile of travel of LLMs are so small that
it is unlikely that the social costs of the extra trips would exceed the social benefits.

Second, it is possible that the availability of large, motorized, full-featured LLMs will
reduce the use of non-motorized LLMs, such as walking and cycling (which have
almost no environmental impacts) compared with the status quo. However, this
concern is not peculiar to our land use/transportation system design. Small EVs in
conventional land use and transportation networks may have the same effect, as may
car-sharing systems?”. However, we note that the substitution of a motorized LLM for
walking or cycling can only happen if walking or cycling are viable modes in the first
place. That is, walking and cycling mode shares in communities designed as we
propose will be higher than in existing communities.

27Kurani et al (1995) reported on household travel mode shifts during household trials with a small, two-
seat electric vehicle. (The vehicle was not quite an LLM: it had a top-speed of approximately 35 mph and
weighed more than 1,000 Ibs.) In the course of their trial weeks, eight households in Davis, California
substituted the EV for 47 percent of the trips they would normally have made by bicycle, and 36 percent
of trips they would have made by walking. (These figures do not include “test-drive” trips.) In all, during
their EV-trial week, the average bicycle mode share of these eight households fell from 26 percent to 15
percent; their walking mode share fell from 5.7 percent to 3.6 percent.

In a car sharing experiment involving ten households in Graz, Austria, Steininger et al (1996)
report that participants showed no overall shift in mode share toward or away from cars (privately
owned or shared), a shift toward cycling, and a shift away from walking. These effects were expressed
differently according to trip distance. Perhaps unexpectedly, among households that owned vehicles
prior to the test, long distance travel shifted toward transit. And since mode shift across all distances
shifted slightly toward cars, the shift toward cars must have been more distinct for short distance trips.
Summarizing the effect on car-owning households, vehicular VMT declined, but a greater proportion of
local trips were made by car. Among households that did not own a vehicle, middle distance trips shifted
toward cars, and vehicular VMT increased (though strangely, Steininger et al’s data seems to indicate
that car mode share declined for non-car owning households during the car-sharing experiment).
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Economics

In this section we turn to the question of cost. What will the dual LLM and FHV
infrastructure cost society in comparison with a functionally similar all-in-one network?
What will LLMs cost households, compared with what would be purchased and used
were LLMs not available? We examine the cost of the infrastructure first.

The infrastructure. How does the overall cost of the LLM+FHYV network compare with
the cost of a comparable conventional suburban road network? In this section, we will
show that the overall cost probably will be about the same, in spite of there being two
networks in our plan. Formally, we estimate the infrastructure cost of our plan relative
to the cost of a conventional plan as a function of the cost per mile and the number of
miles of roadway in our plan versus a conventional plan:

RC = RCMLLM . RLLLM + RCMFHV . RLFHV €q. 1

RCMrpim = RCFLim - RWipm
RCMgry = RCFgpy - RWEpy

where:

RC = the cost of the total FHV+LLM road infrastructure in our plan
relative to the cost of the road infrastructure in a conventional
suburb

RCMipm = the cost per mile of the LLM network in our plan relative to the cost-
per-mile of a conventional suburban road network

RLipm = the number of miles of the LLM network in our plan relative to the
number of miles of a conventional suburban road network

RCMrpy = the cost per mile of the FHV network in our plan relative to the cost-

per-mile of a conventional suburban road network
RLppgy = the number of miles of the FHV network in our plan relative to the
number of miles of a conventional suburban road network
the cost per foot of width per mile of an LLM road relative to the
cost of a conventional suburban road?®

RCFr1m

28For reference, here are estimates of the actual cost/ft./mile. Delucchi (1998) uses FHWA cost data to
estimate that in urban areas, interstate highways cost about $4 million/mile to build, high-volume
arterials cost about $2 million/mile, and collectors and local roads about $1 million/mile, excluding
sidewalks, sewers, and street lighting. In rural areas, the costs per mile are about four times less. The
average for a typical suburban residential network of neighborhood streets, local roads, and collectors
and perhaps few arterials probably is on the order of $600,000/mile. Assuming that the road is 30 feet
wide (including curbs, gutters, dividers, and shoulders, but not sidewalks) (Delucchi, 2001), the cost is
$20,000/ ft/ mi. Similarly, data in Wilkinson, et al. (1994) indicate that expanding conventional local roads
to accommodate bicycles costs about $15,000/ft./ mi. for pavement and land, probably in suburban areas.
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RWiim = the width of an LLM road relative to the width of a conventional

suburban road

the cost per foot of width per mile of an FHV road relative to the

cost of a conventional suburban road

RWgpy = the width of an FHV road relative to the width of a conventional
suburban road

RCFpry

We now consider the basic cost parameters, beginning with RCFy 1\, the costs/ft./mi.
of an LLM network. There are several reasons why the LLM network will be relatively
inexpensive per foot of width per mile. First, LLM streets will be designed for a
maximum gross vehicle weight of around 1600 Ibs. (a maximum curb weight of 1000 to
1200 lbs. plus a maximum cargo of on the order of 400 to 600 Ibs.) —almost 100 times
less than the maximum weight that present residential streets must carry. This huge
reduction in the maximum load translates into reductions in the capital cost of the road.
For example, Bosselman, et al. (1993) suggest that it costs much less to excavate, grade,
and fill for a neighborhood path that carries LLMs than for a typical FHV road. Second,
the LLM streets will not need traffic lights,?* sound walls, barriers or railings, medians,
or any other roadside material save for street lights and signs. This also will reduce
capital costs. Third, because they take up so little space, LLM streets probably will not
need to have storm drains Considering these three factors, we estimate that the
cost/ft./mi. of an LLM street is 65 percent of that of a conventional suburban road.
Hence, we assume that RCFy\ = 0.65.

LLM roads will be much narrower than conventional suburban roads. Delucchi (2001)
used FHWA data to estimate that local roads and collectors in urban and rural areas are
20-35 feet wide, including dividers, gutters, and shoulders, but not sidewalks. The
average probably is around 30 feet. In new suburbs, though, the average undoubtedly is
higher than the overall average. We assume a width of 32 feet in new suburbs. Now, as
discussed above, the width of the LLM street will range from about 10 feet at the end of
the neighborhood roads to 25 feet at the central ring road. We can use the following
assumptions to estimate the average width of the LLM network:

* 10 percent of the LLM mileage is the narrowest, lowest-volume, end-of-
the line residential paths (12 ft. wide);

29 At minor intersections in our plan, no signs are required; at major intersections, roundabouts, which
are relatively inexpensive, are safe and efficient for LLMs. For any given volume of traffic (up to the
capacity of the roundabout), roundabouts are faster and much safer than are conventional intersections
with stop signs or signals (Robinson, et al. 2000). Roundabouts are especially safe and efficient when the
vehicles are relatively slow and small, and hence are ideal for the LLM network.
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* 25 percent of the LLM mileage is in other narrow, low-volume,
residential streets (15 ft. wide);

* 40 percent of the LLM mileage is in relatively wide, high-volume streets
with two lanes for motorized traffic, and separate lanes for
nonmotorized traffic (20 feet wide);

* 25 percent of the LLM mileage is the widest, highest volume streets
with separate lanes for bicycles and pedestrians (25 feet wide);

With these assumptions, the average width is 19.2 feet, and RWy 1y ineq. 1is19.2/32 =
0.60. Thus, the relative cost per mile of an LLM road is 0.60 x 0.65 = 39 percent of the
cost/mi. of a conventional suburban road (i.e., RCMy v in eq. 1 = 0.39).

The FHV road network in our plan also will cost less per mile than does a conventional
FHV grid system. The availability of the LLM network should significantly reduce
traffic volume on the FHV network and enable the FHV network to be designed to have
lower capacity and hence less pavement than it would have were it to carry all of the
trips in the town. We hypothesize that the LLM network will carry more than half of all
trips made by households.3* Moreover, in our plan the FHV network does not need
space for on-street parking, sidewalks, or bicycle lanes, because these are provided on
the LLM network. Also, compared with a grid, our plan has fewer intersections and
hence less of the cost associated with building and controlling intersections. In short, the
FHV network will be less costly than a conventional road system because it will have
lower vehicle volumes and no LLMs at all.3! We estimate that the relative cost per foot
(RCFgry) is 90 percent, and the relative width (RWggy) 75 percent (i.e., 24 ft.), with the
result that the FHV network in our plan will be 68 percent of the cost per mile of a
conventional suburban road network (i.e., RCMgry in eq. 1 = 0.68).

30 In their study of household adaptation to small “neighborhood EVs,” Kurani et al. (1995) report that
during one week trials, the small EVs were used for 41 percent of all household trips. Among the eight
households in the town of Davis, the share of trips made by walking, cycling, and neighborhood EV was
74 percent; among the seven households living within the city of Sacramento, this share was 42 percent.
In the case of Davis, there is an extensive network of bike paths and lanes. In neither place is there
anything like an LLM network: the neighborhood EVs were driven on the existing road network.

31Note the advantage of specialization: in a conventional system the parts of the roadway that handle
mainly LLMs are overdesigned for LLMs because they must be able to handle FHVs as well. We save
money when we transfer the LLMs to a dedicated network, because the dedicated roads are designed
specifically for LLMs and hence costs less per mile than do roads that also must accomodate FHVs.
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It remains for us to estimate the mileage of our road network relative to the mileage in a
conventional suburban network. Because the FHV roads are everywhere parallel to the
LLM streets within the boundaries of our town (Figures 1 and 2), it is reasonable to
assume for our rough cost estimation here that the FHV network mileage and the LLM
network mileage are the same. This means that in eq. 1 RLy1p = RLppy. With this
relation, and the estimates presented above for RCMgpy and RCMy 1y, it is easy to see
that our road network will cost the same as a conventional one (i.e., that RC = 1.0) if the
mileage in the FHV or the LLM network is only 6 percent less than that in a
conventional network. And if the mileage of the FHV or the LLM network is even less
than this, then the total infrastructure cost in our plan is less than in conventional
system.

We think it likely that the total mileage in the LLM or FHV network will be slightly less
than that in a conventional road system, because there are relatively few intersections in
our plan. Figure 7 shows how an intersection displaces lot frontage space, and increases
the length of road required to accommodate a given number of lots of fixed average
frontal area:

Road

Figure 7a. 12 houses along a road with no cross streets
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Road

Figure 7b. 12 houses with a cross street

In Figure 7a, which depicts a road with no cross streets, the road is six housing fronts
long. In Figure 7b, which depicts an intersection, the roads are nine housing fronts long
(2 house fronts along each of the 4 arms of the cross, plus the one in the middle). In both
figures, the lots are square.) Our radial plan (see Figures 1 and 2) has relatively few
intersections compared with a conventional grid system, and hence at a given housing
density will tend to have less mileage in the LLM or the FHV network. Considering this
with respect to eq. 1, we conclude that the total cost of the FHV+LLM street system in
our plan will be similar to and perhaps slightly less than the total cost of a comparable
conventional suburban road network.

Paying for the LLM infrastructure. The construction and maintenance of public roads is
paid for mainly by road-user taxes on highway fuels. However, some local roads are
built by private developers and treated as a “bundled commodity” in which the cost is
recovered in the price of goods, services, and houses rather than from dedicated road-
user taxes. Bundling makes sense when the cost being bundled is relatively small
compared with the cost of the rest of the bundle and there is a significant transaction
cost to establishing and maintaining a separate pricing system. We think that the capital
and operating?? cost of the LLM network is low enough, and the cost of establishing a

32The LLM network will not require much in the way of highway patrol services, because vehicles by
design cannot exceed the 25 mph maximum speed and because there will be no traffic lights and few stop
signs to violate. Whatever police services are required on the LLM can be provided in a new class of
LLM equipment (Bosselmann, et al. [1993] make a similar point). (Having police use LLMs on the LLM
network is no different from having them use horses in urban parks or bicycles in pedestrian areas.) And
in any case, every point in the city is accessible via the FHV network to conventionally equipped police
and emergency services.
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separate pricing system high enough (especially considering the problem of collecting
road-user taxes from people who use electric or non-motorized LLMs), that it makes
sense to treat the cost of the LLM as a bundled commodity, paid for in the price of other
community goods and services.

The modes. The LLM network allows any mode that weighs less than 1000 to 1200 Ibs.
and has a top speed of 25 mph or less. This accommodates everything from pedestrians
to luxury vehicles indistinguishable from FHVs save for the limited top speed and
weight: pedestrians, bicycles, pedicabs, electric-assist bicycles, mopeds, motor-scooters,
covered motor scooters, three-wheel taxis, golf carts, simple neighborhood electric
vehicles, and luxury mini cars. Now, we know that walking is essentially free, and non-
motorized transport almost free. Mopeds, motor-scooters, and simple electric vehicles
designed like golf carts also are inexpensive to own and operate: they cost no more than
a few thousand dollars (compared with about $20,000 for a new FHV) and have low
running costs. Because these modes are so inexpensive, any household that can use
them probably will.

The question of cost, and hence the question of what people might actually purchase
and use, becomes interesting when we consider full-featured LLM motor vehicles.
Although the LLM network will make cycling and walking much more attractive than
they are in any conventional suburb,3? most people will want to make most of their trips
in LLMs that have all of the features of conventional FHVs. (Above, we refer to these as
“fully featured” vehicles.) Put another way, we anticipate that most people using the
LLM network will want to sacrifice nothing compared with the alternative of using an
FHYV on a conventional suburban network. Indeed, our effort here is motivated almost
entirely by this anticipation, and as a result, in our plan users of full-feature LLMs will
in fact sacrifice nothing, so long as the LLM network is designed so that trips on LLMs
take no longer than would the comparable trip in an FHV on a conventional network.

So how much will full-feature LLMs cost? Will electric LLMs, which offer clear social
benefits compared with gasoline LLMs, be close enough in cost to gasoline LLMs to
warrant regulations that explicitly or effectively require electric drive in motorized
LLMs? To answer these questions, we employed the detailed motor-vehicle lifecycle
energy use and cost model developed by Delucchi and colleagues at U. C. Davis
(Delucchi, 2000b; Delucchi and Lipman, 2001). This model designs a motor vehicle to
meet range and performance requirements specified by the modeler, and then
calculates the initial retail cost and total lifecycle cost of the designed vehicle. The model
has three major parts:

33FHVs and the associated FHV road infrastructure certainly deter many people from walking and
cycling (Komanoff and Roelofs, 1993; Zeeger, et al. 1994).
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» The model of vehicle cost and weight consists of a model of manufacturing
cost and weight and a model of all of the other costs — division costs,
corporate costs, and dealer costs —that compose the total retail cost. It
estimates manufacturing costs for 40 vehicle subsystems.

» The model of vehicle energy use is a detailed second-by-second
simulation of the amount of energy required to overcome all of the
forces (including internal engine friction) acting on a vehicle over a
specified drive cycle.

» The detailed accounting of periodic ownership and operating costs
includes insurance, fuel, maintenance and repair, registration, parking,
tolls, and so on. These costs are about the same magnitude as the
amortized initial cost vehicle.

We specified the model to simulate low-mass, low-speed, full-feature motor vehicles
driven over a low-speed urban drive cycle. The assumed and simulated characteristics
of a gasoline LLM, a battery-powered electric LLM with a 20-mile range (BPEV-20), a
battery LLM with a 30-mi. range (BPEV-30), and a conventional gasoline FHV (a Ford
Escort) are shown in Table 2. The vehicles have air conditioning, heating, entertainment
systems, power steering, and power brakes. The low-speed urban drive cycle lasts 23
minutes and is 4.1 miles long, and has an average speed of 11 mph and a maximum
speed of 24 mph. (The conventional gasoline FHV is assumed to be driven over the
standard Federal Urban Drive Schedule.)
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Table 2. Characteristics of full-feature cars in the lifecycle cost analysis

Item Gas FHV | Gas LLM | BPEV-20 | BPEV-30
Weight of the complete vehicle (Ibs.) 2,214 959 922 990
Maximum power to wheels (hp, (kW))a 90 (67) | 30(21) 13 (10) 14 (11)
Coefficient of dragP 0.30 0.28 0.22 0.22
Acceleration 0 to 25 mph, 7% grade (sec) 4.64 6.08 6.08 6.09
Fuel efficiency (mpg or mi./kWh-outlet)C 27.9 56.7 7.01 6.86
Vehicle life (mi.)b 150,000 | 70,000 84,000 84,000

Gas FHV = a conventional Ford Escort, Gas LLM = a low-speed, low-mass gasoline vehicle,
BPEV-20 = battery-powered electric vehicle with a 20-mile range, BPEV-30 = battery-powered
electric vehicles with a 30-mile range. The BPEVs have pb/acid batteries that store about 35
Wh/kg; weigh about 150 Ibs., and cost $300-$360/kWh.

4The maximum power available to the wheels assumes no air conditioning or heating or
optional accessories. The BPEVs have much less maximum power than, but the same
performance as, the gas LLM because electric motor, unlike a heat engine, can deliver

maximum torque at very low rpm.

bwe assume that battery-electric LLMs have a lower coefficient of drag and a longer life than a

comparable gasoline LLM.

C The fuel efficiency calculation does assume year-round average use of air conditioning and

heating.

The results of the retail cost and lifecycle cost analysis are shown in Table 3. The model
estimates that in high-volume production, a full-feature gasoline LLM will sell for
under $9,000, and its BPEV counterpart for only $500 to $800 more depending mainly
on the size of the battery (which in turn is determined by the desired driving range).
Our estimated retail prices are consistent with limited data on the retail price of ultra-

mini gasoline cars and neighborhood electric vehicles.34

34 For example, according to a brochure provided by the manufacturer, the ZENN EV, a low-speed, full-
featured, neighborhood electric vehicle, is expected to sell for between $10,000 and $13,000, at obviously

quite limited production volumes.

For two reasons we use our model rather than the limited market data to estimate costs. First,
nobody manufactures in any significant quantity the sort of full-feature LLMs that we envision here, and
we wish to estimate costs at high volumes of production. Second, we wish to compare gasoline with
electric LLMs (and both with gasoline FHVs) in order to gain insight into the reasonableness of requiring
LLMs to be zero emissions, and to do this we must model comparable vehicles.
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Table 3. Retail and lifecycle costs of full-feature LLMs

Item Gas FHV |Gas LLM | BPEV-20 | BPEV-30
Full retail cost of vehicle, including taxes ($) | 14,891 8,707 9,268 9,443
Battery contribution to retail cost ($) n.a. n.a. 692 892
Levelized maintenance cost ($/yr.) 483 190 134 134
Energy cost ($/gal or $/kWh)a 1.01 1.01 0.06 0.06
Total lifecycle cost (cents/mile) 31.11 29.99 31.46 30.97
Breakeven gasoline price ($/gal)c n.a. n.a. 222 1.94

aExcludes fuel taxes, which add about $0.38/ gallon.
quual to the initial cost, plus the present value of all future cost streams: insurance,
maintenance and repair, fuel, registration, parking, tolls —everything.

CThe price of gasoline, including taxes, at which the total lifecycle cost per mile of the BPEVs
equals the total lifecycle cost per mile of the gasoline LLM.

Our model estimates that a full-feature LLM will sell for substantially less than a
subcompact FHV (Table 3) and less than half of the price of an midsize FHV (Delucchi,
2000b). And as we discuss below, gasoline LLMs will have substantially lower
insurance, maintenance, and fuel costs than FHVS. These findings suggest that many
people who can’t afford FHVs will be able to afford LLMs.

The battery-electric LLM costs only slightly more, both initially and over its life, than
does the gasoline LLM. The small extra cost is due almost entirely to the initial and
lifecycle cost of the battery, because the balance of the electric LLM costs roughly the
same as the gasoline LLM. The extra initial cost is relatively small because very little
battery is required to supply a very short range in a very efficient vehicle: if the LLM
achieves 12 mi./kWh from the battery terminals (based on 7 mi./kWh from the outlet,
as shown in Table 2), then the battery discharge capacity necessary for a 20 or 30 mile
range¥ is on the order of 2 kWh. At a retail cost per kWh of about $350 (Delucchi,
2000b; Lipman, 1999), the initial retail-level cost of the battery is about $700. Minor cost

350n the LLM network, a typical trip into town is less than 2 miles, and the longest cross-town trip is less
than 6 miles. Thus, a vehicle with a 25-mile range can make at least 6 and typically about 10 round trips
into town, or one long cross-town round trip and several into-town round trips in a day. Considering
that the entire town also is accessible by FHV, which can be used to accommodate the undoubtedly tiny
fraction of in-town travel demand that will exceed the range capacity of the electric LLM, a 25-mile range
ought to be sufficient for an electric LLM.




September 1, 2002

savings in a low-power electric drivetain (motor, controller, and transmission) versus a
low-power gasoline drivetrain offset this extra battery cost slightly3°.

Any LLM, whether gasoline or electric, will have lower running costs than an FHV.
LLMs will have lower insurance costs because of the reduced all-around crash risks
lower registration costs because of their lesser value or lower weight,?” and lower fuel
and road-tax costs because of their much lower weight (which reduces energy use and
road damage). Our lifecycle cost model estimates that compared with gasoline LLMs
battery electric LLMs will have roughly the same energy cost (about $0.025/mi. for
gasoline at $1.40/ gal and 57 mpg, or for electricity+recharging station+space-heating
fuel) but slightly lower maintenance, repair, and inspection costs (about $0.04/mi. vs.
$0.05/mi.). Electric LLMs also may last longer than gasoline LLMs, on account of their
more robust drivelines; if they do, they will have a lower annualized ownership cost
(about $0.02/mi. lower). However, the lifecycle energy-use and cost model estimates
that the lifecycle cost of the battery in an electric LLM will be at least $0.040/ mi.

Overall, the battery electric LLM will have a slightly higher lifecycle cost than the
gasoline LLM —about $0.010 /mi. (Table 3), or maybe $50-100/ year. Put another way,
electric LLMs will have the same lifecycle cost as gasoline LLMs when gasoline sells for
about $2/ gallon, including taxes (Table 3).

The social benefits of electric LLMs. In an earlier section, we asked: “Will electric LLMs,
which offer clear social benefits compared with gasoline LLMs, be close enough in cost
to gasoline LLMs to warrant regulations that explicitly or effectively require electric
drive in motorized LLMs?” Immediately above we compared the private lifecycle cost
of electric and gasoline LLMs, and found that electric LLMs will cost at least $0.01/mile
more. Thus, our question can be re-framed as: “Are the clear social benefits of electric
LLMs compared with gasoline LLMs worth the $0.01/mi. extra private cost of the
electric LLM?”

One way to answer this question is to estimate the dollar value of the social benefits,
which economists call “externalities.” Using the analysis of externalities presented in
Delucchi (2000c), Delucchi and Lipman (2001) estimate the social value of the
reductions in oil use, noise, water pollution, air pollution, and climate change provided
by conventional electric FHVs compared with conventional gasoline FHVs. They find
that these reductions are worth $0.004 to $0.037 per mile, with a best estimate of

36We assume that the electric drivetrain in an LLM will not be as costly, per unit of power, as the electric
drive in an FHV, because the LLM electric drive will not need high-power electronics.

37Some states base registration fees on vehicle weight; some base them on vehicle value (Federal
Highway Administration, 1995).
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$0.011/mi. In the case of electric LLMs versus gasoline LLMs, the best estimate of the
value of these reductions would be a little lower —about $0.009/ mi. —because a gasoline
LLM has significantly lower oil-use and climate-change costs (but probably not lower
air pollution costs) than does a gasoline FHV, on account of the relatively high fuel
economy of a gasoline LLM. Thus, the quantifiable social benefits of electric LLMs
appear to be slightly less than the extra private lifecycle cost. However, the difference is
trivial, and in any case we have not quantified all of the social benefits of electric LLMs
(such as no unsightly refueling infrastructure). It is our judgment that it is worth incurring
the minor extra initial and lifecycle costs of electric LLMs in order to obtain the wide range of
social benefits that electric LLMs offer over gasoline LLMs: reduced petroleum use, lower
emissions of greenhouse gases, less noise, less water pollution, less air pollution, and no
unsightly refueling infrastructure. We therefore recommend that LLMs be required to be
zero-emission modes.

IF WE BUILD IT, WILL THEY COME?

Thus far we have presented the features, impacts, and economics of the new
town/transportation plan. We have presented a plan and system that requires no new
technology (a wide range of suitable LLMs are available today) and in principle offers
enough “private” benefits to be attractive on that basis alone without any regulation
designed to sacrifice private gain for the public good. Indeed, we have shown that it is
possible to plan new communities and transportation systems that accommodate
completely the strong trends toward auto-mobility and single-family homes, yet at the
same time are much cleaner, safer, more pleasant, and more socially integrating than
any of the commonly proposed transportation and planning measures.

If we are right, then new towns developed along the lines we propose should be a
success — people will want to live in them. In this final section, we examine the
experience and reasoning that bears on this question:

If we build it, will they come?

Has anything like this been proposed or built?

We begin by looking at studies and projects in any way similar to our proposal. Of
course, we are not the first to wonder what can be done within the framework of our
market-oriented, mobile, time-driven, sub-urban society to create more livable, socially
integrated communities. Indeed, the literature on the broad topic of “sustainable
transportation” already is too vast to summarize here (see for example MIT and CRA,
2001; Dearing, 2000). Just as an example, one synthesis of insights and opinions of many
researchers, policy makers, activists, and industry experts opens with this call:

“Urbanites should have basic access to people, goods, and services whether or
not they drive cars. They should have transportation systems that enable them
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to move about in ways that are secure, commodious, efficient, and hassle-free; to
view clear skies and breathe clean air; and to choose from among a variety of
mobility modes, including walking and bicycling in a safer non-intimidating
environment.” (Johnson, 1993. p. v.)

However, as can be read between the lines in the preceding paragraph, most proposals
would enhance walking, bicycling, and transit modes at the expense of convenient
automobile use and single-family suburban living. Such proposals therefore are not
likely to lead to large-scale transformations in American living and driving, although
they certainly can be effective and beneficial when targeted to dense urban centers.3® By
contrast, rather than try to get people out of their cars or suburban homes, we propose a
system that expands travel and lifestyle choices at very little private cost and with
significant social gain.

We also are not the first to see the problems inherent in having just one road system.
Years ago, Garrison and Clarke (1977) observed the primary impediment to extending
modal options in the direction of low-speed and light-weight is the “one size fits all”
mentality that permeates our transportation infrastructure and thus the structure of our
lives. Following up on this, Pitstick and Garrison (1991) analyzed how the
transportation system could be restructured to accommodate “lean” vehicles —small,
fuel-efficient, one or two-passenger vehicles. Most pertinently, Bosselmann, et al. (1993)
examined how neighborhoods and roads should be changed to accommodate small,
clean, inexpensive motor vehicles. They addressed many of the issues we do here and
come to many similar conclusions, although they do not propose the transportation and
town plan that we do.

Ehrenhalt (2000) discusses the tension between the desire for and the drawbacks of a
suburban lifestyle dependent on ordinary automobiles (FHVs). He notes that, on the
one hand, suburbs exist because “people had desires and demands, and developers
satisfied them...[and] there is nothing to be gained from demonizing the cumulative

38For example, “smart growth” emphasizes mixed land uses, clustered transit-oriented developments,
multiple transportation choices, and infill development (Progress, 2000). But while these sorts of changes
to land use and transportation can improve the quality of life in many urban areas, and appear to have
broad popular support (a survey published in Progress (2000) does indicate that most people support
land-use planning to make communities greener and more accessible), they are unlikely to have more
than a marginal effect on the use of FHVs -- and hence on FHV-related problems -- in the suburbs. As we
observed at the beginning of this report, the problem is that most people apparently want to live in
residential communities that are of such low density and so homogeneous that transit, walking, and
cycling rarely are convenient.

See the newsletter “Smart Growth America”, www.smartgrowthamerica.net for more on “smart
growth”. See Sheehan (2001) and Burchell et al. (2001) for discussions of transportation and land-use
policies intended to mitigate suburban sprawl. See Cervero (2002) for a discussion of the relationship
between mode choice and land-use diversity, density, and urban design.
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decisions of millions of ordinary Americans.” At the same time, he acknowledges that
there is “something disorienting to millions of people living a car-dominated life...in a
subdivision where there is no place to walk, nothing to walk to and nobody on the
street to converse with.” He suggests that towns can be and are being redesigned to
mitigate the barrenness of auto-dominated suburbs: communities are acquiring or
revitalizing town centers and main streets, the wealthy are gentrifying city centers, and
developers are inserting “traditional touches of old-fashioned suburban life...in even the
most conventional suburban residential projects.” He concludes that while suburban
living, big-box retail stores, and the automobile are here to stay, “growing numbers of
Americans do want a different sort of life, one with neighborhood commerce and short
commutes and streets designed to make sociability easy rather than difficult.” Our plan
provides even greater neighborhood and community benefits than do any of the other
ideas mentioned by Ehrenhalt (2000), and it does it without compromising auto travel
or access to “big-box” retail stores.

Sheller and Urry (2000) analyze the interaction between automobility and urban
planning, and conclude with suggestions on how to redesign automobiles and urban
public spaces to “address the negative constraints, risks, and impacts of automobility”
(p. 753). They propose extensive use of

micro cars...integrated into a mixed transportation system that allowed more room not
only for bikes, pedestrians, and public transportation, but also for modes of travel that
we have only begun to imagine. This would require redeployment of existing urban
zoning laws to exclude or severely delimit “traditional” cars....and to place lower speed
limits on them. The aim would be not only to free up space for new kinds of intermodal
flows but also time for new socialities that would juggle the complex timing of schedules
in more flexible ways (p. 753).

Shelly and Urry (2000) thus also recognize the advantages of making cars smaller and
slower and of redesigning urban areas to better accomodate such vehicles. In a sense
our plan is an elaboration of this idea in a suburban (rather than urban) setting.

A key element of our proposal is the motorized “full-feature” LLM: a motor- vehicle
similar in every respect, save for weight and top speed, to present motor vehicles. We
expect that these motorized LLMs will carry most of the traffic on the LLM network.
Already, one such vehicle, the “ZENN EV”, is commercially available. The ZENN EV is
a low-speed (less than 25 mph), lightweight (510 kg - a bit more than our suggested
maximum)?¥, fully enclosed 3-door hatchbook with a structural composite monocoque

39 We believe that if the vehicle were designed specifically for operation on an LLM network rather than
on conventional streets, it could be both lighter and less dangerous to pedestrians and cyclists. This is
because on an LLM network the fully featured automobile will be the fastest and heaviest and hence
most dangerous and least vulnerable vehicle, whereas on a conventional street it will be one of the
slowest and lightest and most vulnerable of vehicles.
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body and real doors and windows. It has a CD/ AM/FM stereo, air conditioning,
heating including rear defroster, power windows, remote keyless entry, 2+2 seating,
high-powr lead/acid battery, regenerative braking, and aluminum alloy wheels. The
manufacturer believes that the vehicle will sell for $10,000 to $13,000, presumably in
low volumes.

“City” EVs (CEVs) such as the Toyota e-com, Nissan Hypermini, and Th!nk City are too
heavy and have speed capabilities that are too high. Most vehicles built to the new low-
speed vehicle (LSV) definition (Federal Register, 1998) —e.g., the Th!nk Neighbor,
Bombadier NV, and GEM Neighborhood EV, are not appointed to the same level of
comfort. They typically do not fully enclose their occupants (except for optional cloth
and plastic enclosures). They lack climate control, advanced sound systems, and other
features we assume would be available in a full-feature LLM. As these LSVs have been
developed, researchers have investigated various approaches for introducing them to
cities and towns (e.g., Stein and Kurani, 1995; Lipman and Kurani, 1995; Kurani, et al.
1995). However, none of the existing literature on LSVs, NEVs, or CEVs has proposed
anything akin to our dual-road system.

Although there is a very long history of “new town planning” and plenty of planned
communities, there is to our knowledge no actual plan or transportation system with
the key feature of ours: two autonomous but universally accessible personal
transportation systems, segregated according to the kinetic energy of the modes. For
example, Zandee (1999) proposes a “Mobilopolis” which facilitates the use of bicycles
and public transit and has a few features in common with our plan—an outer-ring road
for motor vehicles, with roads penetrating in towards the city center, and many transit
and cycling routes in to the city center —but the design mainly is for relatively dense
urban areas, and has significant restrictions on motor-vehicle use. Most importantly, it
is a not a dual-network in which every place is accessible relatively easily by both LLMs
and FHVs.

A few existing communities (mainly sun-belt retirement communities) have the
equivalent of a complete dedicated LLM network , but none of them also have a
universal FHV network. As a result, they are unsuitable for the vast majority of
households. Some communities, such as Palm Desert (California), have LLM streets and
lanes integrated with FHV roads, but in these places the LLM network is not completely
separated from the FHV network, and hence is too unsafe and, by contrast with the
FHYV network, too inconvenient to be heavily used.4

40In these communities not all locations are connected by LLMs traveling in parallel lanes. For example,
Palm Desert enacted a three-level hierarchy of lanes, from mixed traffic, to parallel, to grade separated.
Even then not all locations could be conveniently accessed by LLM (in this case, golf carts). Grade
separated lanes were implemented in specific locations precisely because of the great danger and relative
inconvenience of parallel lanes, as traffic in the FHV lanes travels much faster. Some people found
driving golf carts in these parallel lanes (or worse yet, in mixed FHV-LHYV, i.e., automobile-golf cart,
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We know of two neighborhoods that have a complete conventional street system and
dedicated bicycle and pedestrian paths that are accessible to all homes and which
(within the neighborhood) do not intersect with the conventional street system: Village
homes in Davis, California. In Village Homes, the front yards of the houses merge into
a community greenbelt with a bicycle and pedestrian path serving all the houses. Streets
and cars run on the “backs” of the houses. The social space created by the car-free
pedestrian and cycling greenbelt is so pleasant that we were inspired to replicate it on a
city-wide scale. In a sense, our plan is an elaboration along several dimensions of the
plans in Davis: our infrastructure and associated modal differentiation is more
elaborate; our scale is considerably larger; and our integration within a fully planned
small city more complete.

Finally, there of course are long-standing programs for making public transit, bicycling,
and walking more attractive and for reducing the undesirable impacts of FHVs (for
example, by “traffic calming” or traffic re-routing), but as we noted above none of these
accomplish much on a large scale,*! because either they face powerful forces for
automobile ownership and suburban living or else do little to address the inherent
problem of the high kinetic energy of FHVs .42

traffic lanes) to be disquieting (Kurani, et al. 1995). Specifically, the pressure applied by drivers of FHVs
in shared FHV/golf cart lanes and the squeezing of perceived space to operate the golf cart by the
presence of on-street parking caused golf cart drivers to feel unsafe.

Even though there are only a few of these mixed-network communities, and they carry very little
LLM traffic, already there have been a number of fatalities and serious injuries as a result of crashes
between LLMs and FHVs (Federal Register, 1998). In our view, this risk quite reasonably deter people
from using LLMSs on any network in which there is any possibility at all of any interaction with FHVs.

41The macro statistics are stark and unambiguous: outside of central cities, private motor vehicles
account for about 90 percent of all passenger-miles of travel everywhere in the U. S., without exception,
and have so for a long time. The data from the 1995 NPTS indicate that 91 percent of all passenger miles
and 86 percent of all passenger trips were made in privately owned motor vehicles (FHWA, 1997).

420ne problem is that traffic planners sometimes use crude measures of “accessibility”, such as the
number of links or nodes within a given distance, to determine whether people will be inclined to walk,
cycle, or take public transit. Obviously, though, a great many factors other than number of nodes,
distance, and even travel time or cost bear on the mode-choice decision: details of urban design, other
characteristics of transport modes (such as safety and reliability), characteristics of the activities to be
undertaken at destinations, lifestyle perferences, and more. A successful transportation and town plan
will be sensitive to more of these factors.

For further discussion of measures of accessibility, see the special issue of the Journal of
Transportation and Statistics (2001).
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What can we infer from an analysis of transportation choices?

Our broad look at the literature and at real-world experience indicates that nothing like
our plan has been built or discussed. We therefore turn now to a more hypothetical
analysis of household transportation and location decisions in order to determine
whether our plan will be attractive to buyers and drivers.

If the system we propose involved no trade-off whatsoever but still offered the private
and social advantages discussed above, then in principle people would prefer it.
However, the plan does involve tradeoffs. The advantages and disadvantages can be
summarized as follows:

Advantages of our plan Drawbacks of our plan

* 1. Travel on the LLM network is safer, ¢ 1. Some travel on the FHV network may
more convenient, and more pleasant. be less convenient.

* 2. Travel costs less: all running costs and ¢ 2. Vehicle holding may cost more: if
most ownership costs of LLMs are very =~ LLMs are “extra” vehicles in households,

low. garaging and registration costs increase.
* 3. It creates a desirable community * 3. There may be an esthetic drawback to
lifestyle without sacrifice of benefits of having a road on both sides of a house.

suburban living.

First, the plan trades some travel convenience on the FHV network for maximal travel
convenience on the LLM network. Examine Figure 1. Although a person can get
anywhere in town in an FHV, most FHV trips within town are less convenient than they
would be in a conventional town, and less convenient than by the LLM network in our
plan. This is because to get to a location on a different radial FHV branch a person must
travel out to the outer beltway, then along the outer beltway section, then back down
the destination radial branch. However, given that the LLM network is on the whole
superior to a conventional network, this tradeoff can matter in principle only to
households who are unable or unwilling to use LLMs. For example, households that
daily transport very heavy or bulky cargo within the town might balk at sacrificing any
convenience in the use of FHVs. However, there must be but few such households,43

43Note that we speak here only of households that transport very large cargo within the town regularly.
Most businesses will locate in the town center, which has direct FHV access to other town centers and to
the rest of the world via the FHV roads that penetrate into the town service core. All households can
conveniently transport medium-size cargo within the town on the LLM network and very large cargo
outside of the town conveniently via the FHV roads that lead directly to the outer beltway. For precisely
this reason, businesses that sell large bulky items to households — for example, large home improvement
stores — probably will locate on the outer beltway, along with other “big box retailers” rather than in the
town center.
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and these few can locate on or near one of the FHV corridors that penetrate into the
town core.

The second tradeoff, which has to do with cost, can be collapsed into a single important
question: how would owning and operating an LLM affect a household’s total annual
transportation cost? In order to analyze this, we distinguish costs that are a function of
vehicle usage from “holding costs.”

As discussed in the section on economics, the costs of vehicle usage (fuel, maintenance
and repair, tires, and so on) clearly are much lower in our plan than in a conventional
plan. However, if in our plan households increase their total vehicle holding, then some
vehicle holding costs may increase. As regards changes in vehicle holding, there are
several pertinent outcomes to analyze:

1) Households substitute LLMs for FHV's that they would have used like LLMs anyway. In this
case, households benefit doubly yet incur no extra cost: they pay much less to own,
“hold,” and operate the LLM than the FHV that they otherwise would have bought, and
gain all the non-monetary advantages of travel on the LLM network. In this case, our
plan realizes a latent preferred choice that otherwise is unrealizable.

2) Households substitute LLMSs for FHV's that would have been used only occasionally as LLMs,
and hence must re-arrange their vehicle usage in order to accommodate the dedicated LLMs. In
this case, households gain the monetary and non-monetary benefits of LLM ownership
and use, as in 1), but with some changes in travel planning. Ex hypothesis, the benefits
outweigh the cost in this case. Investigations of household decision-making (real and
hypothetical) around electric-drive vehicle in general (Turrentine, et al. 1992; Turrentine
and Kurani, 1998; Kurani, et al. 1994, 1996) and neighborhood electric vehicles in
particular (Kurani, 1994; Kurani, et al. 1995) all support the contention that these
changes in travel planning impose only a small additional burden on households.
Typical behavioral adaptations are simple extensions of pre-existing household
decision-making processes.

3) Households add LLMs to a vehicle fleet that otherwise is the same as it would be in a
conventionally designed town or city. In this case, households now use their FHVs less
than they would have, and hence save the rather substantial cost difference between
using LLMs and using FHVs. However, they incur the extra costs of simply “holding”
an additional vehicle, independent of how much it is used. These usage-independent
“holding” costs include:

(i) the registration cost of the LLM;

(i) the garaging cost of the LLM;

(iii) the difference between the insurance cost of the LLM, and the amount that the
insurance cost for the FHVs is reduced on account of the FHVs being used less; and
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(iv) the difference between the annualized initial cost of the LLM and the reduction in the
annualized initial cost of the FHVs, owing to the FHVs being used less.

Holding cost (i) is likely to be insignificant (see Federal Highway Administration, 1995).
Holding cost (ii) may range from small to modest, depending on how much space is
devoted to LLMs. Holding cost (iii) may be zero if the reduction in usage of an FHV
gets it reclassified from a regular-use to an occasional-use vehicle. And holding cost (iv)
actually will be negative— that is, a net cost savings —if vehicle depreciation is related
more to mileage than to age per se, because the amortized cost per mile of an LLM is
much less than the amortized cost per mile of an FHV.

Overall, the change in holding cost is likely to be a small increase. However, when this
is added in with the unambiguous cost saving from LLM usage, it is clear that for most
if not virtually all households the ownership and use of LLMs will decrease total annual
transportation expenditures#4. This plan, therefore, should be attractive to all but the
few households that are unable to garage a second vehicle conveniently or
economically.#

On the basis of these considerations, we conclude tentatively that most people would
prefer our town plan and transportation network to conventional ones.

#4The decrease in total annual transportation expenditures might enable people to qualify for a higher
mortgage payment and buy a bigger and better home. See Progress (2001) for a discussion of what have
been called “location-efficient mortgages”.

450ne critique of the overall plan is that it appears to require ownership of both an FHV and an LLM. For
maximal accessibility, this is true. But without intending to be elitist, we note that walking, which is free,
is an LLM, and that bicycles, mopeds, and mini-scooters, which compared with FHVs are almost free,
also are LLMs. In general, the financial barriers to LLM ownership are low. Further, the suburban poor
do not solve the problem of the expense of automobile ownership by not owning automobiles. If we infer
suburban and urban locations by employment and residential density, then the suburban poor are
spending a disproportionate share of their incomes in order to buy FHVs. Gardenshire and Sermons
(1999) conclude from the 1995 NPTS data that vehicle ownership increases at similar rates for both poor
and non-poor households as employment density (jobs per square mile) declines, but that vehicle
ownership among poor households increases faster as residential density declines. Murakami and Young
(1997) point out that the poor are less likely to live in suburbs, small towns, and rural areas. Rather than
being elitist (by requiring ownership of multiple vehicles), our plan puts suburban lifestyle within the
reach of poor households by reducing the cost of mobility.

We observed in our previous work with Neighborhood Electric Vehicles (NEVs) that lower
income households regard new, low-cost NEVs (which can be LLMs) as viable replacements for old
conventional FHVs that these households have relegated to local travel due to their unreliability (Kurani,
et al. 1995).

Analysts also often worry about capital constraints in poor households, but that will be less of a
factor here. Good, used, high-end LLMs should sell for under $4,000, at which price they can be bought
on time for relatively small monthly payments (under $100/ month) that will be further reduced by the
monthly cost savings realized from substituting LLM for FHV travel.
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Out in the world

Around the world, increases in population and migration from rural to urban areas is
swelling the number of people in cities, towns, and suburbs. In many of these growing
urban areas, from South America to Asia to the American West, the urban newcomers
are developing the exurban fringe. Cities and towns are expanding into farmland,
forests, wetlands, and deserts. According to Pollack (2000, p. 19), between 1992 and
1997, 16 million acres of farm and forest were developed in the U. S. — twice the annual
growth rate from 1982 to 1992.

This expansion can be accommodated well by the sort of town and transportation plan
we propose. As explained above, ours is a plan for new towns, not a plan for retrofitting
cities. In principle, it can be applied wherever urban areas are expanding. However, in
rapidly expanding cities in developing countries, it may be difficult to commit the
necessary capital up-front to establish the basic dual-network transportation
infrastructure. The plan is more naturally suited to large new subdivisions on the urban
fringe of cities in the American West, such as in California’s Central Valley.
Nonetheless, it is worth considering ways to implement the basic features given the
capital and planning constraints in rapidly developing cities.

CONCLUSION

Most transportation-related problems are attributable ultimately to the high kinetic
energy of fast, heavy motor vehicles. The challenge is to find a way to dramatically
lower the kinetic energy of personal travel, without compromising any of the benefits of
motor vehicle use and suburban living. We believe that the only way to do this is to
create two autonomous and universally accessible travel networks: one for fast-heavy
vehicles, the other for low-speed, light transportation modes.

The town plan and transportation system we propose is safe, convenient, clean, and
pleasant. It should be attractive to households without economic or regulatory incentives
or injunctions. The requisite technologies, and analyses of their economic and social
impacts, are available now.
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