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Summary  

This study describes near-term opportunities to implement mobility technologies in cities, 
suburbs and rural areas, with a focus on seniors. This expands on technology concepts 
described in the 2019 book Driving Tomorrow: Our Roadmap to Sustainable Transportation, 
Infrastructure, and Cities, by Warren Gifford and David Turock.  

Continuous Convoy technology provides non-stop, full-speed transportation from each 
origin to each destination with significantly greater capacity, speed, and energy efficiency than 
buses, trains, or cars. Personal mobility vehicles and personal scheduling apps improve access, 
convenience, and cost, especially for seniors. 

Case studies analyze implementations and benefits in cities, suburbs and rural areas. The 
needs and priorities of seniors provide a base for analyzing improvement in the quality of life 
for people disadvantaged by the current transportation system. The study concludes with a 
description of likely future developments and the drivers for near-term implementation. 

Introduction 
Seniors, people with disabilities, the poor, and children often lack convenient and 

affordable options for travel, due to difficulties walking and navigating, challenges accessing 
vehicles, lack of a vehicle or driver, cost of existing transportation, and lack of nearby accessible 
points of entry. These challenges extend to other areas of life, including housing, food, and 
independence. 

The 2019 book Driving Tomorrow: Our Roadmap to Sustainable Transportation, 
Infrastructure, and Cities, by Warren Gifford and David Turock describes a Universal Mobility 
System, and the implications for sustainable infrastructure and cities, along with drivers and 
barriers to implementation. 

The inspirations for this system came from three sources: years of observing seniors and 
people with intellectual disabilities struggle with transportation and other issues, years of 
frustration with the time wasted by stops on local commuter trains, and a public radio program 
noting a freight train can carry a pound of oranges all the way across the USA on a single 
tablespoon of oil 

The Universal Mobility System takes full advantage of this 30,400:1 economy of scale. 
Much of the advantage is avoiding the weight of the driver and car. This economy of scale 
explains some of the advantages of trains and buses over cars, but the Universal Mobility 
System takes this much farther.  

The website DrivingTomorrow.net provides a brief summary of this Universal Mobility 
System and some of the implications for cities and other aspects of life. The Table of Contents 
for Driving Tomorrow, a derivation of continuous convoy characteristics, and a spreadsheet to 
perform the calculations, along with other information is also available there.  
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1. What Technologies Are Used in This Study? 
Continuous Convoys & En Route Sequencing is a primary technology described in this study 

due to the convenience, energy efficiency and speed advantages it achieves.  Personal mobility 
vehicles play an important role and are described briefly.  Other technologies include: a nested 
family of autonomous electric vehicles, personal scheduling apps, and enclosed Autonomous-
Ways or A-Ways. 

What Are Continuous Convoys & En Route Sequencing? 
Continuous Convoys are a flexible technology providing non-stop service at full-speed 

between each origin and destination. The concept emerged from years of frustration riding 
commuter trains into Manhattan. The frequent stops added at least half an hour to the trip – 
there had to be a better way. After considering a wide variety of alternatives, it finally dawned 
that not every vehicle had to stop at every station. 

A continuous convoy consists of several vehicles traveling together – a Convoy. Passengers 
wanting to board the convoy get on a stopped convoy vehicle, as shown in Figure 1, scene 1. As 
a continuous convoy approaches, the convoy vehicle accelerates and joins the front of the 
convoy. The convoy drives at a constant speed down the road, tracks, or other medium – 
Continuous Convoys. 

As shown in scene 2, 
passengers now move inside the 
continuous convoy to the convoy 
vehicle that will stop at their 
desired location – En Route 
Sequencing. Today people walk 
through trains and buses to get to 
a window seat, to get to a group of 
friends, or to position themselves 
for their destination 

As shown in scene 3, as the 
convoy approaches a stop, the last 
vehicle in the convoy detaches, 
decelerates, and stops so 
passengers can get off. Note, if 
more passengers want to get off at 
this stop, several vehicles could 
detach.  

A smartphone, smart glasses 
or smart hearing aids, guide 
people where to board, which 
vehicle to move to, and when to exit. People in existing personal vehicles, such as wheelchairs, 
may get pushed by autonomous mobility platforms. People who need more assistance can use 
autonomous personal mobility devices to help them move easily. Even groups can be moved 
together. Continuous convoys can be applied to vehicles of any sizes. 

 
Figure 1 Continuous Convoys & En Route Sequencing 
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Case Study: Travel Between Manhattan and Albany, New York 
Consider travel between Manhattan and Albany, New York. The distance between the two 

cities is roughly 150 miles, and options include train, car, and a continuous convoy using the 
train tracks. For the sake of comparison, we will assume that each mode of transportation 
travels at 65 mph and that traffic is not encountered for the cars. We will also assume that the 
train runs once an hour with 10 stops for 5 minutes each, and that one 10-minute break is 
required for individuals traveling by car. The continuous convoy also serves 10 stations but does 
not have any stops or delays by nature of its continuous process. In the Baseline Scenario the 
convoy has the same weight and other characteristics as a superliner train. 

Figure 2 compares four transportation modes for travel time, capacity, and average power 
per person for air drag; both the train and the convoys also include power to overcome wheel 
friction and acceleration. The continuous convoy is fastest because it doesn’t stop. The train 
takes over a minute to accelerate to 65 mph and even longer to decelerate. The superliner train 
has a capacity of 960 passengers, and we assume 5% of passengers exit and enter at each stop. 
One lane of a limited access highway carries up to 2,000 cars per hour and we assume 4 people 
per car. More details of this case are provided in chapter 6 of Driving Tomorrow.  

Continuous convoys offer 
impressive energy efficiency 
because air drag is shared among 
so many people. For example, at 65 
mph, a convoy can carry a 
passenger for only 150 watts. By 
contrast, a Tesla Model S, an 
efficient electric car, uses about 
1,800 watts for each of 4 people, 
and that is just for air drag. The 
convoy is over 20 times more 
energy efficient than cars and carries 7 times as many people per hour. Even through the 
convoy uses the same vehicle characteristics and tracks as the train, it is six times more energy 
efficient than the train because only a fraction of the convoy stops at each station.  

This energy efficiency is due to many features. Using electric vehicles for propulsion 
improves energy efficiency and reduces pollution, but convoys are even more efficient than 
electric cars. At higher speeds the primary energy loss is due to air drag. Convoys share the air 
drag load of the lead vehicle, as already occurs in trains, truck platooning, and drafting by racing 
cars and bicycles. Because only a few vehicles are stopping and starting at each stop, the 
amount of energy required to accelerate is reduced. And because wherever a vehicle is 
decelerating, a nearby vehicle is accelerating, use of regenerative braking energy is enhanced. 
Operating steel wheels on rails reduces rolling resistance for additional gains over cars.  

The existing train parameters, which we call the Baseline Scenario, don’t allow operation at 
260 mph. We have created a Target Scenario, incorporating the weight, air drag, and 
acceleration of the Tesla semi-truck. Under this scenario, a convoy can operate on this run at 
260 mph, using less energy per person than the car, and 20 times the capacity. 

 
Figure 2 Manhattan-Albany Travel Characteristics 

Vehicle
Speed, 

mph
Time, 

minutes
People / 

hour
Watts / 
Person

Train 65 210 1,000 900
Car 65 150 8,000 1,800
Convoy* 65 140 61,000 150
Convoy** 260 35 170,000 1,200

Scenario Parameters: * Baseline, ** Target



Near-Term Implementation of Mobility for Seniors in Cities, Suburbs, and Rural Areas 

July 27, 2019 Warren Gifford, David Turock, Dave Farber Page 4 of 28 

What Would It Be Like to Ride in a Continuous Convoy? 
You begin by entering your destination and timing requirements into your transportation 

app. Your app interacts with the system scheduler to determine your best route. The app then 
directs you where to go and when to board a waiting convoy vehicle.  

Another important function of the transportation app is automatically paying for your 
travel, eliminating delays boarding the convoy. This enables payment plans, for example, 
reduced fares for seniors and other deserving people, and frequent user programs. 

What you see when you get there depends on the details of the implementation.  
For example, in the near-term implementations described in this study, just as you arrive, 

you see a vehicle arriving by the sidewalk with an entry ramp coming down from the front for 
easy boarding. If you need assistance, there will be an autonomous personal mobility vehicle to 
help you board and move within the convoy. 

Within two to five minutes a convoy approaches and your convoy vehicle accelerates to 
join the front. The ride is surprisingly smooth because each vehicle is autonomous. The inside of 
the vehicle may look somewhat like a bus, train or subway, with plenty of room for you to move 
through it. Details of this near-term implementation are described in later sections. 

Your app directs you to move through the convoy to the vehicle that will stop at your 
destination. If you are on a personal mobility vehicle, you can read, chat, or even snooze as you 
effortlessly go along for the ride.  

In a fully developed system, such as a Linear City as descripted in Driving Tomorrow, you 
may enter a set of doors that look like an elevator right in your neighborhood. Then you are 
whisked away to join a convoy. You are always enclosed in convoy vehicles, so you aren’t 
exposed to the noise and danger of vehicles whizzing by. You arrive at your destination quickly 
and safely. 

Why Bother with Continuous Convoys & En Route Sequencing? 
Continuous convoys improve convenience, capacity, safety, speed, and offer flexible 

deployment options for incremental introduction and growth. 
Convenience is a major reason for travelers to choose continuous convoys: non-stop 

service at full speed from any origin to any destination – this was the genesis of the concept. 
For example, on the commuter train into Manhattan from Long Branch, New Jersey, the 
commute can be reduced by half an hour at least, and at 65 mph a new convoy arrives every 
couple of minutes, so there is essentially no waiting, as compared to trains every hour, or at 
most a few per hour. Personal scheduling apps increase convenience and satisfaction even 
further. 

Capacity of roads and rails increases significantly. This relieves congestion, and shares the 
cost of transportation more broadly, including vehicles, infrastructure and the value of the land 
used.  

Safety is improved by autonomous vehicles, continuous convoys, and enclosed A-Ways. Car 
transportation is hazardous to life and health, even compared with today’s public 
transportation options. For example, death statistics show trains are a factor 17 safer per 
passenger mile than a car, subways are 30 times safer, buses 66 times safer, and airplanes 104 
time safer. Dedicated lanes and timed traffic lights further improve safety for bus convoys, and 
continuous convoys reduce pollution and noise. 
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Increased speed is another advantage of continuous convoys. Figure 3 shows the capacity 
and energy usage for a family of continuous convoys in the target scenario for transportation 
corridors. The figure includes 
comparable figures for a highly 
efficient electric car traveling at 65 
mph. The energy efficiency figures 
shown for lower speeds are at full 
atmospheric pressure, while at 
higher speeds efficiency is greatly 
improved by operating in a partial 
vacuum. More details of the 
performance, the calculations, and a 
spreadsheet for calculating 
continuous convoy characteristics 
can be found at 
DrivingTomorrow.net. 

Continuous Convoys offer flexibility in introduction, operation and expansion. An 
installation can start with a modest deployment, and then grow with demand to provide more 
capacity and more routes. High speed routes can be added, along with redundancy using 
parallel routes and rerouting. Convoys have the option of stopping anywhere, depending on 
vehicles and transportation mode. The capacity can be increased by having more vehicles at 
each stop. Convoy vehicles can switch to different convoys while en route or leave the convoy 
and take passengers to a specific location or locations.  

These options will be described in more detail in the following sections. 
Why Consider Personal Mobility Vehicles in this Study? 

There are several reasons to include personal mobility vehicles in this study. Convoys will 
not go to every destination, so other options are needed for people to access convoys and 
other modes of transportation. Walking and navigating independently are challenges for a 
significant number of people, especially seniors. Personal mobility vehicles can provide 
assistance for those denied convenient transportation options today by our car-centric 
transportation system, and even by public transportation. 

En route sequencing in continuous convoys requires people to move through the convoy to 
get to their destination, and some people need assistance to do this quickly and efficiently. 

To encourage healthy exercise, the transportation system should incorporate walking, 
bicycles and other efficient forms of personal transportation, as appropriate parts of each trip. 
Bicycle riding is likely the most efficient form of transportation and gets people outside, often 
with friends.  

E-scooters, e-bikes, and e-skateboards have burst on the transportation and enjoyment 
scene, with many builders, including hobbyists, driving down costs and adding improvements. 
This rush of innovation is an example of what we anticipate as part of a new transportation 
system. Unfortunately, these current vehicles are showing a poor safety record, and are not 
usable by many people.  

To achieve convenient, economical, efficient, safe transportation for everyone, 
everywhere, a more comprehensive solution is essential. 

 
Figure 3 Target Scenario Characteristics 

Vehicle
Speed, 

mph

Station 
Spacing, 

miles

People / 
hour

Watts / 
Person

65     1           135,000  140       
130   3           133,000  430       
260   10         114,000  1,700    
520   32         87,000    1,800*
780   100       147,000  2,100*

Tesla Model S 65     none 8,000      1,800    

Convoy

* Operating at 5% of Normal Air Pressure 
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For people who need, or want, 
more assistance, personal mobility 
vehicles will come in a wide variety 
of forms. Some examples of 
personal mobility vehicles are 
illustrated in Figure 4, and 
innovation will continue to expand 
the options. Not all personal 
mobility assistance will make the 
user a passive participant, for 
example, using the exercise bike 
cum personal mobility vehicle, and 
the smart cane, watch and glasses illustrated in figure 4. 

Why Consider Other Innovations in this Study? 
According to the American Association of Automobiles, owning a car costs about $8,849 

every year on average. As you will see, this could fund a Universal Mobility System, even 
including the costs of roads, traffic management and other costs not included in the $8,849.  

The Universal Mobility System, described in Driving Tomorrow, includes a framework for all 
vehicles. Each vehicle consists of a reusable container, a mobility platform, and standard 
interfaces to connect them and provide services. It also describes an open source system for 
navigation, management, and continuous testing, including privacy, safety, and security 
features. 

With autonomous capabilities, these vehicles can easily be shared among many people, 
reducing the cost, and extending availability. Standards for interfaces, testing, and other 
functions enhance competition, further reducing costs. Open source provision of navigation, 
management, and testing software reduces the cost of this common system, and most of the 
processing is done within the vehicles themselves. The technologies for electric propulsion and 
autonomous control are now advancing rapidly. 

Together these create a wide choice of vehicles, at affordable costs, for different needs and 
environments, with the ability to match the appearance to your tastes. This in turn creates 
widely distributed production, rapid innovation, ease of repair, and opportunities for local 
businesses. 

The Continuous Convoy Spreadsheet mentioned above also includes a cost model, showing 
the savings achieved through lighter vehicles, sharing, and other features of the Universal 
Mobility System. One scenario yields a total annual cost for personal mobility and convoy 
vehicles, power, autonomous-ways, and operations of less than $360.  

Autonomous vehicles operating inside A-ways eliminate the 90% human error involved in 
fatal car crashes. These advances in safety could save most of the $800 billion annual cost of car 
crashes. 

 
Figure 4 Potential Forms of Personal Mobility Vehicles 
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Convoys designed for people can also provide package-sized convoy operation both by 
nesting smaller vehicles inside larger ones to move among the passengers, or by stacking a 
container sized for moving packages above or below the passenger container. Figure 5 
illustrates a nested family of vehicles. For example, a two-foot-wide A-Way can deliver 50,000 
meals per hour using a few watts per package Although transporting packages is a major 
additional advantage of the Universal Mobility system it is beyond the scope of this study.  

 

2. Can Continuous Convoys Be Implemented Successfully in the Near-
Term? 

(Answer: Yes!)  
Near-term implementations will use existing streets and other infrastructure, such as traffic 

lights and traffic management. Vehicles will be similar to existing vehicles both because they 
are easier to build, and work in the existing environment. Continuous convoys can be deployed 
with existing subways and trains if the vehicles can be operated independently. These will be 
examined in the section on suburban commuting. This section focuses on what is needed for 
buses. 

What is Needed for Near-Term Implementation? 
Vehicles need autonomous operation, or a semi-autonomous arrangement, perhaps with 

remote drivers. Vehicles must enable people to move through them for en route sequencing. 
They need a boarding mechanism, either integrated in the vehicle or as part of a station or stop. 
Depending on loads, convoy vehicles may be smaller than current buses for more flexibility in 
managing loads, and in getting through traffic.  

These convoys can be further speeded on their way with dedicated convoy lanes, and 
timed traffic lights for non-stop convoy operation, although these are not essential, particularly 
in initial implementations. Stops may be just along an existing street or some additional 
equipment may be provided. 

A scheduling system is needed for any implementation. An initial system can be relatively 
simple, for example operating on fixed schedules. Transportation apps work with the 
scheduling system for convenience, efficiency, privacy, security and safety. Payment is handled 
through these apps, so there is no delay boarding, arranging transfers, or similar issues. 

 
Figure 5 Nested Family of Autonomous Electric Vehicles 

 

4
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What Might Convoy Vehicles Look Like? 
Existing buses require considerable mobility for passengers: getting to the bus stop, 

climbing up the entry (even with kneeling buses, this is an effort), paying the fare, moving down 
the aisle, squeezing past other passengers to finally get to a seat. Also buses use space 
inefficiently, with a driver, two or more entries, an aisle, space taken by the seats and access to 
the seats, wheel wells intruding, and engines, as shown in Figure 6.  

In convoy vehicles the wasted space in existing designs is regained, increasing convenience, 
capacity, and economy, as shown in Figure 7. Each of the challenges of existing buses is 
considered. 

The inside of the convoy vehicle would look somewhat like a subway car, with seats along 
the sides, and ample room to move in the aisle. New designs can improve operation even 
further. Articulated buses are an example of how these vehicles might look in a convoy. 
Together these vehicles can operate Continuous Convoys & En Route Sequencing. 

Driver – convoy vehicles can be autonomous, eliminating the driver completely. Or the 
vehicle can be partially autonomous with a driver who may be somewhere in the convoy, or 
driving remotely, as with drones today. As the system transitions to dedicated lanes and other 
features, autonomous operation is simplified. 

Two or more entries – the entries are included in the connectors at either end. They 
provide space for passengers and motion while convoy vehicles are connected together. Wide 
ramps extend from the connectors to provide easy access for people and personal mobility 
vehicles at stops. The floors of the buses are low, so the ramps can be short and still have a 
gentle slope.  

Aisle – the aisle occupies almost the full width of the vehicle to allow better flow of people, 
as in subways today, increasing the passenger capacity. This provides more room for 
passengers to move for en route sequencing. Many convoy rides are relatively short, because 

  Side View      Plan View 

 
Figure 6 Conventional Bus 
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Figure 7 Proposed Convoy Vehicles (Side View Above, Plan View Below) 
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travel is non-stop and can be faster due to greater efficiency, so most people will spend little 
time sitting. 

Seats – seats are placed along the sides of the vehicle. the number of seats is reduced to 
make more room for more passengers and streamline the flow of people for en route 
sequencing, also some people will be in personal mobility vehicles, so they don’t need seats 

Access to the seats – in place of fixed space in front of seats, this area is reclaimed for 
passengers, both stationary and in motion, and provides flexibility for personal mobility vehicles 

Wheel wells intruding – because these are under seats, they don’t take up any passenger 
space  

Engines – electric motors are more compact than internal combustion engines, and can be 
located with the wheels, opening space for passengers. Fuel tanks are eliminated, freeing up 
space and eliminating dangerous liquids. Batteries form the base for the vehicle, which doesn’t 
take up passenger space, and makes the vehicles more stable due a low center of gravity. 
Eventually, the batteries will be replaced with direct electricity feed, saving space, weight, cost, 
and other resources. 

Emergency exits – these were not shown in the conventional bus, but they are indicated in 
the convoy vehicle to show how they could require minimal space, while providing superior 
emergency exit capabilities. 

Convoy vehicles may be smaller or larger than current buses for more flexibility in 
managing loads, and in getting through traffic. Or several convoy vehicles can stay coupled 
together for more capacity, and economy of drivers, human or autonomous. 

An intriguing design decision is whether or not to include windows. Subways are an 
example where windows are useless except at stations. Many people spend their travel time 
glued to a newspaper, book or handheld device and don’t notice the windows anyway. Imagine 
the interior walls covered with active displays. These provide flexibility, for example, to provide 
information, be sources of revenue, or even show what is outside the convoy to simulate 
windows or travel in some other area. The revenue could potentially cover the cost of 
operation, allowing reduced cost or even free transportation. 

Existing laws and standards may pose obstacles, so the municipality will need to be open to 
innovation. Operation on campuses does not necessarily have the same requirements, so this 
may be the place such systems are first used. 

3. Can Continuous Convoys Be Implemented Successfully in A City?  
(Answer: Yes!) 
These ideas began when friends asked us to design a high-capacity system to deal with the 

severe rush hour traffic jams in Dhaka, Bangladesh, and the lack of transportation for people 
who don’t own cars. In Dhaka, the extreme traffic congestion at rush hours requires that the 
continuous convoy be suspended above the roads. The ideas developed further in considering 
the challenges of travel in Manhattan, where it can take more than half-an hour to go the 1 
mile across the city – it can be faster to walk.  
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City Transportation Configurations – Buses 
As a way to get started with continuous 

convoys in cities, consider a system with two main 
parallel routes, as shown in Figure 8. The two 
directions of travel are placed on one-way streets, 
to provide more room for the convoys. For 
additional capacity, or for more coverage, there 
may be more than one such pair.  

Stops don’t necessarily require any special 
equipment or even signs, because passengers are 
guided by their smartphones. This provides 
considerable flexibility in operation. For example, 
stops can be added and removed based on loads 
and time of day. This can even be done in real 
time to meet the needs of passengers. For 
example, an office building, hospital, or theater 
may have a large number of people arriving or 
departing at particular times. Or a one-time event 
may take place with a large influx, such as 
conventions.  

The scheduling apps automatically provide 
the information to predict traveler transportation needs. By having travelers, employers and 
event planners enter information ahead of time, 
scheduling is improved even further. 

Adding cross-connections provides 
transportation for passengers across town, as 
shown in Figure 9. This also provides for 
passengers who aren’t near a stop for the main 
routes. Convoy vehicles can change from one 
route to another to make transportation even 
faster and more convenient, as shown in the 
lower connections. 

Other options include having convoy 
vehicles detach from the convoy and drive to 
another location to pick up, or drop off, 
passengers at a particular location, or serve 
several locations along the way. This could even 
operate as a mini-convoy. 

Thus, what begins as a focused service, can 
grow to serve the whole area as demand 
increases. This flexibility is an important benefit 
of continuous convoys, because people can sort themselves while on a convoy, they do not 
need to change buses to get to locations off a fixed route. 

 
Figure 8 Parallel Convoys 

 
Figure 9 Connection Options 
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To give a feeling for the capacity and efficiency of continuous convoys and performance at 
a variety of speeds, Figure 10 provides an example of operating at 25 to 75 mph in increments 
of 10 mph. Successive speeds have station spacing increasing by 0.3 miles.  

As the speed increases the distance required for people to move through the convoy 
increases, so the minimum station spacing increases. One solution to reduce this is to require 
that people not get off at the very next stop. Another, more powerful solution, is to use more 
than one speed of convoy on the same route. These and other solutions are described in more 
detail in the following sections. 

As the convoys become more and more widely used, they become more efficient and thus 
more convenient and economical.  This will reduce the number of cars, enabling faster and 
more efficient service.  Other techniques, such as increased tolls and parking fees, can further 
reduce the number of cars.  

As the number of cars is reduced, space can be converted for walking, personal mobility 
vehicles, gardens, and other outdoor activities. This is already beginning to happen Manhattan 
and other cities. With all the vehicles being electric, noise is reduced and there are no fumes or 
pollution, improving the overall environment of the city.  

 This opens opportunities for further innovations to improve both transportation and 
environment in cities. One opportunity is integrating package delivery, as described in Driving 
Tomorrow. Similarly, enclosed Autonomous-Ways can be added, improving the speed, safety 
and efficiency of transportation. Small A-Ways attached to the sides of buildings can provide 
efficient delivery, further decreasing the need for cars and trucks in the city. This frees even 
more of the precious city space for other uses. 

City Transportation Configurations – Subways and Trains 
Subways and trains can also use Continuous Convoys & En Route Sequencing techniques to 

increase speed and capacity, as described in the next section. This requires each vehicle, or set 
of vehicles, to be autonomous or remotely operated. Many vehicles are already self-propelled.  

An intriguing opportunity is to integrate buses with subways by moving entire containers of 
people and packages between street and subway levels, eliminating stairs and long walks. An 
innovation, called Autonomous-Elevators, makes this fast and efficient, and is described in 
Driving Tomorrow. Subways can provide transportation at higher speeds and longer distances 
while buses move people and packages more locally.  

4.  Can Continuous Convoys Be Implemented Successfully for Suburban 
Commuting? 

(Answer: Yes!) 

 
Figure 10 Low Speed Convoy Characteristics 

Convoy Speed, mph 25 35 45 55 65 75
Station spacing, miles 0.8 1.1 1.4 1.7 2.0 2.3
Capacity, people/hour 71,823 69,822 71,001 63,111 59,614 56,256 

Average Power, watts/person 95        139      184      239      299      367      
Time between Convoys, minutes 2.4       2.3       2.3       2.3       2.4       2.5       
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Most cities have surrounding suburban areas sprawling around them. These suburban 
areas have attracted, and been created by, people commuting into the city for work, shopping 
and entertainment. 

Typically, cities have people commuting by car, creating traffic jams, delays, pollution, and 
large areas paved over for roads and parking lots. Some areas have commuter rail lines to move 
people into and out of the city more efficiently. These commuter rail lines have attracted 
development around the stations due to the relative ease of commuting into the city 

Some suburban areas have commuter bus lines to collect people from the suburbs and 
bring them into and out of the city. However, commuter buses in suburban areas have several 
challenges: commuters often have to drive their cars to get to the buses and find a parking 
space. Many bus and train stops have a shortage of parking spaces. 

Buses get caught up in the car traffic, with delays, pollution, crashes, and other challenges, 
although dedicated bus lanes can offer an advantage over driving during rush hours. Buses drop 
commuters at a bus terminal, or a few points in the city, so commuters then have to find a way 
to their actual destination.  

Continuous convoys could provide several benefits to suburban commuting. They improve 
the speed of commuting by eliminating intermediate stops. They provide local transportation 
along the commuting route to serve the local area. They ease the parking problems and provide 
even more local service with more intermediate stops, and in the process make service more 
frequent, more efficient, and cheaper. 

For example, the Manhattan to Albany case study assumed most people traveled between 
the two cities, with only 5% entering and exiting at each station. If we consider a local 
commuting scenario, with 25% of people entering and exiting at each station, capacity 
increases by 80% to 110,000 people/hour, and power decreases by 15% to 130 watts/person. 

To illustrate the problems with current suburban 
commuting arrangements, the next section in a case study of 
public commuter transportation in central and southern New 
Jersey. The following sections describe how continuous 
convoys can help this situation for commuters.  

Case Study: Existing Commuter Transportation in Central 
and Southern New Jersey 

New Jersey is the most densely populated US state, with 
1,200 people per square mile. It has the 11th largest 
population with a little over 9 million people but is 47th in area 
with 8,700 square miles. It is completely encompassed by the 
combined statistical areas of New York and Philadelphia. So 
not surprisingly the majority of the population is concentrated 
around New York City, with most of the remainder around 
Philadelphia. The Jersey Shore is also a linear development, as 
shown in Figure 11.  

New Jersey Transit is the largest statewide public transit 
system and the third-largest provider of bus, rail, and light rail 
transit by riders in the USA. With over 900,000 weekday riders 

 
Figure 11 New Jersey 
Population Density 
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and $2.3 billion in annual expenses, costs are $2,500 per person per year, with revenue 
covering about half of the expenses.   

New Jersey has a well-developed commuter rail system with 12 lines, almost exclusively 
serving New York City, as shown in Figure 12. Bus Service is also oriented to the two cities, as 
shown in Figure 13. As you can see, in the 3 figures most of the southern parts of the state are 
not served by train service, or well-served by bus service. The cost of land and housing clearly 
reflects a significant premium for living within convenient commuting distance of Manhattan, 
and to a lesser extent Philadelphia. Living on the Atlantic shore also has a significant premium, 
although even this is weighted heavily by proximity to Manhattan. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One of the problems with commuting by either train or bus is the lack of parking space at 
stops. If you don’t arrive early, you may not get a parking spot, and then you are out of luck, 
unless you want to drive into Manhattan unexpectedly, get a parking ticket or have your car 
towed. 

As Figure 14 shows the commuter train and the bus each take about 1.5 hours to go the 
roughly 50 miles from Long Branch or Freehold into Penn Station and Port Authority Bus 
Terminal, respectively. Cars take about 1.25 hours but up to 2.7 hours at rush hours. Trains are 
slowed by the 16 intermediate stops on local trains, or 8 on a few rush hour trains, and there 
are no trains in the early morning hours. Buses are slowed primarily by traffic, traffic lights, and 
congestion, plus about 7 stops.  

Having arrived in Manhattan, you are now faced with the challenge of getting to your 
actual destination. If you are lucky to work close enough to the bus terminal or train station, 

 
 Figure 12 New Jersey Commuter Rail Lines 

 
Figure 13 Southern New Jersey Bus Routes 
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you can walk, if the 
weather is good. 
Otherwise, you 
must find another 
mode of 
transportation – 
which is difficult in 
Inclement weather. 

Freehold is 
located on Route 9, 
a major north-
south highway, and 
is within 
commuting 
distance, which is 
why there is 
frequent bus 
service into 
Manhattan. As 
shown in Fig 13, 
most of central and 
southern New 
Jersey has no bus 
service, and what is 
available is directed 
toward either 
Manhattan, 
Philadelphia, or 
Atlantic City for 
gambling. 

Case Study: Commuter Trains with Continuous Convoys 
Using continuous convoys on the commuter trains would reduce the commuting time from 

Red Bank by at least half an hour, while also allowing passengers from all 17 intermediate stops 
to join the convoy.  

Interestingly, some of the stops are too close together to permit passengers to get on at 
one station and get off at the next station. There is not time for them to traverse the convoy. At 
65 mph, they may have to stay on for one stop before getting off. 

Train service also extends down the Jersey shore to Bay Head, another 20 miles and 9 
stops, but adding about three-quarters of an hour of travel time. Continuous convoys could cut 
this in half. These stations are even closer together, so passengers may have to stay on for 
several stops at 65 mph. 

Because there is only one set of tracks, there are no options for employing multiple 
convoys at different speeds to provide improved local service. 

 
Figure 14 Sample Car, Bus and Commuter Train Routes to Manhattan 
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Case Study: Commuter Buses with Continuous Convoys 
Commuter buses could also use continuous convoy techniques to cut a few minutes from 

the commute time by eliminating intermediate stops. Buses present many more options to use 
continuous convoys than trains. Vehicles can pull off to the side of the road to unload and load, 
so they don’t block convoys from passing, as commuter trains do. This significantly increases 
feasible speeds and capacities. For example, the Target Scenario in Figure 3 has a 30 second 
time to unload and load, a siding would reduce this to 5 seconds, which increases capacity 40% 
at 65 mph; increasing the time to 90 seconds, as in the Baseline Scenario reduces capacity by 
40%. 

Because roads have multiple lanes, convoys can operate at different speeds, with faster 
convoys passing slower convoys. Thus, a slower convoy may have more frequent stops to 
collect and distribute passengers, and passengers can get on and off at nearby stations. Then 
convoy vehicles can detach from a slower convoy and shift to a faster convoy. The process 
reverses to join a slower convoy. 

Very fast convoys may need dedicated lanes because cars would not be allowed to drive 
that fast. Maintaining these speeds requires timing the traffic lights to allow the convoys to 
pass unimpeded. For even faster speeds, the roads need to be isolated from other traffic, as 
with high-speed trains and dedicated bus lanes on limited-access roads. 

Thus, continuous convoys permit serving local passengers as well as commuters. This 
makes the buses more attractive, because the increased loads improve efficiency, reduce costs 
and increase the frequency of service. 

Figure 15 illustrates some additional opportunities using continuous convoys from New 
Jersey into Manhattan. Convoy vehicle #1 goes off the main route to collect people, so they 
don’t have to drive their car to the parking lot to catch a bus. The personal schedule 
coordination could make these routes efficient, with people walking or riding personal mobility 
vehicles to a convenient location to be picked up. People can just catch any vehicle because 
they do not need to worry about where the convoy vehicle is going, as they do with buses 
today.  

Convoy #2 in the figure has collected a number of convoy vehicles and the people have 
sorted themselves using en Route Sequencing. 

There are four routes into Manhattan from New Jersey, two tunnels and two bridges, with 
one bridge passing through Staten Island and Brooklyn. Which route to choose depends on 
where you start in New Jersey, where you are going in Manhattan, and traffic conditions. There 
are already dedicated bus lanes in the highways leading to, and through the tunnels to speed 
them through the tunnels ahead of the much-delayed cars at rush hours.  Thus, starting on the 
Freehold commuter route continuous convoys could sort passengers into the convoy on the 
route which best matches their destination, as shown with convoy vehicles #3.  

There are numerous other commuter rail and bus lines merging into these routes. Convoys 
on these respective routes could all merge, with passengers sorting by destination to make the 
convoys even more efficient. 
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Case Study: Extending Suburban Commuter Convoys into the City 
An obvious opportunity is to extend continuous convoy operation to distribute passengers 

closer to their destination in the city, instead of being dropped at the Port Authority Bus 
Terminal or the train station.  

Passengers 
would sort 
themselves by 
destination, then the 
convoys would split 
up to deliver 
passengers quite 
close to their final 
destination. If the 
city also has a 
continuous convoy 
system, the arriving 
buses from New 
Jersey can integrate 
with these for 
further improved 
operation. These 
could also integrate 
with convoys coming 
from other parts of 
New York and even 
Connecticut. 
The convenience and 
speed of continuous 
convoys could 
become so attractive 
that the number of 
cars in the city would 
decrease, further 
improving the 
operation of the bus 
convoys. Ultimately, 
passenger containers 
on the trains might 
be transferred 
directly to bus 
convoy mobility 

platforms, much as cargo containers are transferred today. Thus. the trains could serve as high 
speed convoys, and buses collect and distribute the passengers.

 
Figure 15 Bus Convoys from New Jersey to Manhattan 
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5. Can Continuous Convoys Be Implemented Successfully in Rural and 
Suburban Areas? 

(Answer: Yes!) 
Suburban and rural areas pose several challenges for convenient, efficient, and affordable 

transportation. Users and destinations are spread out geographically so demand density is low. 
Demand is spread over time because there are no major rush-hours to and from concentrated 
areas of living, work, shopping, or entertainment. Costs are high because efficient, high-volume 
transportation systems, such as trains, and moderate volume systems, such as buses, are 
neither economically viable nor convenient for most users.  

An exception is the school bus system moving children between home and schools, 
because the destinations and times are concentrated, and the number of users is relatively 
large in many cases. A later section discusses how these might be integrated into a larger 
transportation system. 

Cars are often the only transportation option in rural areas but are not a satisfactory 
solution: many potential users don’t drive, especially seniors and youth. Cars are expensive to 
own and operate. Cars are inefficient in energy and use of time and are dangerous. 

Shopping is often not available locally: centralized big chain stores and online shopping are 
driving local stores out of business with low prices and large selections. Lack of efficient 
transportation makes delivery of online purchases more expensive and less timely. Innovative 
online services, for example, prepared food delivery, aren’t profitable in these areas, at least 
initially.   

As stores close, other services can’t be provided efficiently due to lack of areas of 
concentrated demand, so they aren’t available locally. So even people living in formerly 
successful towns are cut off from convenient goods and services. 

Seniors and others with limited incomes often live in low-density rural and suburban areas 
because of lower housing costs, or in higher density areas with few services because the seniors 
don’t move as the area declines. Other costs are higher due to lack of local stores and services. 
Lack of convenient, cheap transportation means seniors can’t easily get things they need, or 
even if goods are available, they are expensive and have limited selection. Lack of 
transportation isolates seniors and others because they can’t get to friends, relatives, or points 
of interest to them. 

Case Study: Does Suburban Commuting Meet Local Transportation Challenges? 
(Answer: No!) 
Commuter trains and buses are not necessarily useful for other trips, even where there is 

service. For example, from Freehold to Princeton is about 23 miles, as shown in Figure 16. By 
car the trip takes 35 minutes in non-rush hours, and up to 65 minutes at rush hour. The bus 
requires two changes and takes at least 2.5 hours because the routes are focused on 
commuting to Manhattan.  
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Near-Term Implementation of Continuous Convoys in Rural and Suburban Areas 
A comprehensive system can address this set of challenges. Regional planning includes 

using existing resources, and encouraging, buying, and building new resources. Components of 
the solution address these challenges. 

Time spread: the transportation scheduling system helps concentrate the demand in time 
and optimizes transportation operations to increase overall efficiency. By scheduling starting 
times, delays in transit can be minimized. Informing people what to expect and guiding them 
through their trip adds convenience, reduces anxiety, and improves user satisfaction. This is 
particularly important for people needing assistance, including providing aids along the way. 

User geographical spread: the scheduling system can also encourage people to walk and 
use other methods of efficient personal transportation to concentrate demand. This approach 
encourages exercise and moving with neighbors for mutual interest and building community. As 
needed, appropriate devices can be delivered, such as bikes, electric bikes or tricycles, scooters, 
wheelchairs, autonomous mobility devices to move wheelchairs, and others yet to be invented. 

Destination geographical spread: improved transportation will help many existing 
destinations grow. The transportation system may create hubs to improve system performance, 
and these may evolve into destinations, for example, starting with convenience food and 

 
Figure 16 Car vs. Bus Routes from Freehold to Princeton 
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expanding with use. Based on the location of transportation, some existing destinations may 
decline, as happens with the introduction of major highways bypassing towns on older roads. 

Cost: sharing vehicles and other transportation resources is a major factor in reducing 
costs. Walking and efficient personal mobility vehicles reduce the need for more expensive 
transportation options, promote exercise, and build community. More efficient autonomous, 
electric, light-weight vehicles contribute to cost reduction. Continuous convoys increase 
efficiency. Combining these with improved demand efficiency through scheduling will produce 
dramatic savings. 

Figure 17 illustrates five types of components in a rural transportation system: Scheduling 
System, Locations (Homes, Hubs, and Destinations), Vehicles (Convoy and Shared), and a 
Transportation Corridor. 
  

 
Figure 17 Rural and Suburban Area Transportation Components 
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Case Study: Rural and Suburban Transportation with Continuous Convoys and Personal 
Mobility Vehicles 

Figure 18 illustrates a scenario of roads connecting the various components. Roads come in 
a variety of speeds, capacities, and conditions. There may form relatively dense grids of streets 
around towns and villages. Other areas may be sparsely connected. Transportation can also 
occur on water, rail or air. 

The schedule app encourages many people to walk or ride efficient personal mobility 
vehicles to a nearby destination or hub. Some people will need to be picked up at their home, 
or other location, with a small shared vehicle, and brought to a nearby hub or destination for 
more convenient efficient transportation. Individual convoy vehicles can travel to pick up 
people at hubs and destinations. 

 
Figure 18 Rural and Suburban Area Transportation Scenario 
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These convoy vehicles then join convoys running on the more major roads or go directly to 
a transportation corridor. The transportation corridor could be a major highway or rail line. It 
may also include higher speed convoys. For example, Route 9 would be a good candidate for a 
major transportation corridor in New Jersey. Route 9 runs all the way from the southern tip of 
New Jersey, along the shore, and to the George Washington Bridge.  

Route 9 has a variety of businesses and shopping centers along its route. Continuous 
convoys will make access easier, and this would be a natural focus of development – more 
about this later. The Garden State Parkway follows a similar route along the shore and could be 
the base for higher speed transportation because it already provides limited access. Convoy 
vehicles can switch from one to the other at many points. 

As a comprehensive system, costs of mobility are reduced, while convenience, efficiency, 
safety and speed are all increased. Many of the “tails” where individual people travel by 
themselves are provided by a combination of the scheduler recommending walking and 
supplying efficient personal mobility vehicles. Personal scheduling increases both personal 
satisfaction and system efficiency. Using hubs concentrates demand, enabling frequent efficient 
service. Scheduling can optimize routing for convoy vehicles, both individually and in convoys. 

 The attraction of fast, safe transportation corridors concentrates demand even further, 
combining convenience with efficiency and economy. Because the system provides a 
comprehensive transportation system many people do not need to own or drive cars, yet they 
get better transportation service than with their cars. The overall result is cheaper, more 
convenient and faster, safer transportation using less of their personal time and attention. 

This combination of efficient personal transport, concentration of demand in time and 
space, shared efficient vehicles and continuous convoys will improve the convenience, cost, 
efficiency, and safety of transportation. This improves personal mobility for everyone and also 
brings in new businesses and services, improving the quality of life in rural areas. 

Can School Buses Be Incorporated into The Mobility System? 
An important question is whether transporting children to and from school can be 

incorporated into this mobility system. Many locations already have school children using 
public transportation. This mobility system provides the access and transportation needed by 
everyone, so from this perspective school children can be included. So, the question is one of 
safety and security, both for the children and other riders. This is a more general question 
applying to many people, for example people with a variety of disabilities or with known 
behavioral and other issues. 

Without going into too much detail, there are many techniques to achieving safety, 
security, and privacy for everyone. The scheduling system plays many roles in identifying 
specific needs and supplying the combination of equipment and environment for each person. 
For example, an enclosed personal or group mobility vehicle can be provided. These vehicles 
can ride within convoy vehicles and thus take advantage of the shared system. Remote 
monitoring can be used on vehicles or with personal devices; for example, a parent might stay 
in video contact with a child during their travels. People could be certified as “monitors” to 
observe during their own travels, or even asked to travel in particular situations – school bus 
drivers do this as part of their duties, although hopefully they are sufficiently focused on driving 
safely. 
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Suffice it to say that these problems need to be solved if the transportation system is to be 
useful for all people, not just school children. Replacing the system of busing school children 
can provide a significant financial input to the transportation system. 

6. How Will Rural and Suburban Areas Evolve?  
Efficient high-speed transportation corridors allow people and goods to move easily along 

the transportation corridors. Efficient and convenient access from the surrounding area allows 
people to access the transportation corridors. Thus, a likely outcome of the introduction of a 
Transportation Corridor will be concentration of people, businesses, and services around access 
points, as has happened today around train stations and highway exits.  

Lower-speed transportation along the transportation corridor will allow frequent access 
points. Efficient walking and personal mobility vehicles extend that access to be essentially 
continuous. This enables further development of residences, businesses and services all along 
the transportation corridor, transforming it into a Mobility Corridor. 

To accommodate higher speeds, the mobility corridor will be enclosed – we call this an 
Autonomous-Way or A-Way. Enclosing the roadway improves speed, efficiency and safety by 
excluding weather, debris, animals, pedestrians, and human-driven vehicles. Human error is 
involved in over 90% of vehicle crashes, so this will improve travel safety. Limited access 
highways and many rail lines provide ideal sites for these high-speed limited access A-Ways.  

A-Ways are an ideal location for the pipes and wires of other infrastructure, combining 
protection with easy access. The enclosed structure of an A-Way provides an ideal physical 
foundation for buildings – the land is already developed, greatly simplifying permits and other 
time-consuming and expensive processes in construction. 

Building on top of A-Ways, is efficient for many of the same reasons that multi-story 
buildings developed, but even more so because they include transportation, infrastructure, 
already developed land, and a physical foundation. The combination of low-cost transportation, 
infrastructure, and construction, along with jobs, stores and services makes these highly 
desirable places to live, and for businesses and other organizations to congregate, providing 
jobs and services.  

As these develop, they can accumulate sufficient population density and range of services 
to become cities in their own right. Because transportation corridors are relatively straight, 
especially for higher speeds, we call these Linear Cities. Because of the combined efficiency of 
transportation, infrastructure, and construction, combined with a range of innovative practices 
described in more detail in Driving Tomorrow, these become Sustainable Linear Cities.  

This transformation will be particularly beneficial to seniors, children, people with lower 
incomes, and people with various disabilities. Each community along the linear city will have its 
own personality and mix of services. For example, one area may provide a concentration of 
seniors and others with particular health needs, so the doctors, health professionals, hospitals, 
and researchers that specialize in these needs will collect nearby. Similarly, people with 
particular food allergies can congregate for mutual assistance in finding and preparing safe 
foods. Other communities of interest will also develop. 

These linear cities concentrate the demand for transportation and infrastructure so the 
costs are widely shared, and the 30,400:1 economy of scale can be fully realized. Ready 
availability of high-speed transportation allows people to access the wide range of amenities 
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available in cities: food, concerts, museums, theater, universities, and activities yet to be 
invented. This should be attractive to a wide range of people. 

An interesting question is how this will affect the surrounding area. The population density 
will increase but focused on the transportation corridor and emerging linear city. The low costs 
and convenience of the linear city may attract many people to move from their rural homes, 
especially people such as seniors who were not well served by their former homes. Will living in 
a linear city become stylish and attract many people, as people are moving into conventional 
cities today? Only time will tell. 

However, that develops, land in the surrounding area will probably be opened up for other 
uses: parks, recreation, and farming making the linear cities even more attractive. Each section 
of the linear city will likely develop its own personality, both internally and in the surrounding 
area. 

These new environments will create opportunities for innovations in everything from food, 
to clothes, to furniture, and to a host of methods and technologies to improve life and 
sustainability. Seniors and others with a variety of needs and preferences will hopefully be 
major beneficiaries of these innovations.  

The new buildings will need to compete with each other, and with existing buildings for 
business tenants and residents. With the reduced costs of construction and operation, 
competition can combine lower costs with the features and services desired by prospective 
buyers. Seniors and others challenged by the existing transportation system will be prime 
customers. 

Ownership, zoning, taxes and similar matters are beyond the 
scope of this study. However, it is clear that the unique opportunity 
to build above a mobility corridor, with land, foundation, and 
infrastructure, can be negotiated from the inception to include the 
needs and features of particular populations. 

Driving Tomorrow describes this scenario in more detail, with 
Intentional Communities, enhanced learning opportunities, and 
innovations for sustainability. 

 Case Study: Revisiting the Manhattan—Albany Corridor 
The 150-mile train trip between Manhattan and Albany is right 

next to the scenic Hudson River for most of the distance, as 
illustrated in Figure 18. Cliffs and hills dominate the other side of 
the tracks. This is an ideal location for a mobility corridor, 
connecting Manhattan with the capital of the state, and the many 
communities along the way. This can be enclosed to form linear 
city. The combination of the view and excellent transportation are 
very attractive for residences. A 10-story building along the route 
could house possibly 750,000 people along with business and 
services to support them. This population density is sufficient to 
operate the mobility system at peak efficiency. And all within an 
easy commute to Manhattan and Albany. 

 
Figure 18 Manhattan-

Albany Linear City 
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7. Can Continuous Convoys Help Seniors? 
(Answer: Yes!) 
What challenges do seniors face as we age? How do seniors spend money? How are these 

challenges and expenditures related? What does this say about senior needs and priorities? 
What Do Seniors Want and Need?  

A Harvard University study quantifies the major housing challenges facing seniors by age 
groups, as shown in the graph and table in Figure 19. The major challenges at age 80 and above 
are ranked as mobility, independent living, living alone, housing cost burden, self-care, and 
cognitive challenges. 

Housing cost burden is an enduring challenge for about 1/3 of all seniors. All the other 
challenges rise sharply with age. Mobility emerges as the biggest challenge for 43% of those 80 
and over, while living alone emerges as the dominant housing situation for 35%.  

US Bureau of Labor Statistics for household expenses show income declining over 50% as 
seniors age, with per capita health care costs almost doubling. The average number of people in 
a household declines from 2.2 to 1.6, increasing isolation and reducing independence.  

The graph and table in Figure 20 quantify household characteristics, both income and 
spending. While challenges increase with age, household income and spending decrease 
precipitously with age, exacerbating the challenges. The income in age group 55-64 is slightly 
above the national average, but the 75+ age group has income less than half of that. And 
expenditures exceed income for the 75+ age group. 

Average household size drops from 2.2 people to 1.6 people, demonstrating the growing 
isolation of seniors. Spending per person declines 13%, but that translates into a 35% drop in 
total household expenditures. Unfortunately, housing and some other costs depend on the 

 
 
 

Challenges 50-64 65-79 80+ 
Mobility 11% 18% 43% 
Independent Living 6% 11% 38% 
Living Alone 16% 23% 37% 
Housing Cost  32% 32% 37% 
Self-Care 3% 6% 22% 
Cognitive 5% 6% 21% 

 
Living Situation 50-64 65-79 80+ 

Alone 22% 25% 35% 
Spouse/Partner Only 38% 45% 26% 
With Others 35% 25% 26% 
Group Quarters 5% 5% 13% 

Housing America’s Older Adults: Meeting the Needs of 
An Aging Population, Joint Center for Housing Studies 
of Harvard University, 2014 
 

Figure 19, Senior Challenges and Living Situations 
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household as a unit, not the number of people, so decreasing household size exacerbates 
money issues. 

Housing cost and mobility are major challenges, yet housing and transportation 
expenditures drop precipitously with age. The decrease in household size inflates per person 
health care costs from 9% for age 55-64 of total expenditures to 16% for age 75+.The sharp 
decreases in spending on food, entertainment, and clothing indicate decreasing options. 

Seniors have to pay for things other people do for themselves. Health, food, and other 
necessities require extra expenditures for people to help supply them. Yet without easy 
mobility seniors have trouble earning money. This double-edged monetary dilemma, coupled 
with limited mobility, restricts independence and isolates seniors from interaction with other 
people. Isolation exacerbates cognitive and self-care challenges. 
 

What Are Senior Priorities?  
Overall Challenges increase sharply with age, except for Housing Cost Burden which is a 

challenge for seniors of all ages. This combination of effects can exacerbate individual issues, 
leading to loss of overall quality of life. Together these data highlight seven overall areas of 
challenges, needs and priorities: 

1. Mobility affects the most seniors of any challenge and Transportation is the second 
largest expenditure category except above age 75, where Health Care drives ahead.  

2. Isolation is identified both from Living Alone as a Challenge, and the drop in the average 
number of people in a household. 

3. Money available declines for all categories, except Health Care, and Housing Cost 
Burden is a significant challenge, exacerbated by declining household size. 

4. Housing is flagged by 3 Challenges: Independent Living, Housing Cost Burden, and Living 
Alone. Each challenge impacts over 1/3 of seniors over age 80. Housing is 1/3 of senior 
expenditures at all ages, but substantially less money is available for each household 

Senior Annual Household Expenditures & Size  
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Expense Category Age 55–64 Age 65–74 Age 75+
Housing 18,006$   15,838$   13,375$ 
Health care 4,958$     5,956$     5,708$   
Transportation 9,321$     8,338$     5,091$   
Other 5,963$     5,257$     5,041$   
Food 6,800$     6,303$     4,349$   
Entertainment 2,852$     2,988$     1,626$   
Pensions & Soc. Sec. 6,578$     2,788$     800$      
Clothing 1,789$     1,417$     683$      
Total Annual Expenditures 56,267$   48,885$   36,673$ 
Pretax income / unit 75,241$   52,366$   35,467$ 
People (thousands) 51,625     31,631     20,094   
People per household 2.2 1.9 1.6
Pretax Income / person 34,200$   27,561$   22,167$ 
Expenditures / person 25,576$   25,729$   22,921$ 

Figure 20, Senior Household Expenditures, Size, and Expenses 
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with increasing age, partially due to the declining number of people in a household. 
Many seniors, and others, need special facilities, such as walk-in showers, support rails, 
and wide doors. 

5. Health is the only household expense category that increases with age, reaching the 2nd 
highest expense above age 75, indicating increasing needs, with per capita expenditures 
almost doubling. 

6. Independence is identified by three challenges: Independent Living, Self-Care, and 
Cognitive, each more than quadrupling with age.  

7. Food, Entertainment, Clothing, and Other expenditures all decrease with age, indicating 
fewer choices, and contributing to decreased quality of life. The Other category includes 
cash contributions, alcohol, tobacco, personal care products and services, reading, 
education, life and personal insurance, and miscellaneous expenses. 

How Can Mobility Help Seniors Overcome Challenges? 
1. Mobility: The transportation system described above, combining personal mobility with 

a convenient transportation system for people and items of all kinds, matches the 
mobility needs of seniors both to get around easily themselves and to have things 
delivered rapidly and inexpensively. 

2. Isolation: mobility enables seniors to “get out of the house” to participate fully in 
society. In addition, intentional communities combine activities, mutual support, 
learning, opportunities to volunteer, and occupations to engage and support seniors 
and others. This inviting environment attracts service providers, families, and others to 
nurture healthy neighborhood environments for seniors to participate in. 

3. Money: mobility enables access to low cost goods and services both by going to the 
sources and getting fast inexpensive deliveries. Mobility also opens innovative 
opportunities to earn money, grow food, and make other needed items for personal 
use, swapping, or sale. 

4. Housing: mobility enables moving to and living in existing housing, if available. Also, 
sustainable linear cities provide desirable new housing opportunities by combining low-
cost construction and operation with features seniors need and want. The rapidly 
growing senior population is already creating competition among housing providers to 
attract new residents, so we anticipate housing will include the features seniors need 
and want. Negotiations for development of linear cities can guarantee these features. 

5. Health: mobility enables a variety of health opportunities, including just-in-time 
medication deliveries and rapid transport to health services. Intentional communities 
add a mutually supportive neighborhood environment and an attractive environment 
for health services and professionals tailored to the needs of seniors. Again, competition 
to serve seniors, and to reduce health costs, will drive innovation. 

6. Independence: delivery of medications, food, beverages, and mobility to get to services 
and other needs enable independence. Supportive neighborhoods enhance 
independence through volunteers and activities.  

7. Food, Entertainment, Clothing, and Other: mobility enables seniors to access all types of 
food and entertainment, both directly and through deliveries, offering both wider 
choices and improved economy.  Mobility also enables sharing, swapping, and selling of 
all types of items. 
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8. Will These Innovations Be Implemented in The Near-Term? 
(Answer: yes!) 
The combination of cost, convenience, competition, safety and sustainability and the 

relative ease of implementing many of these ideas, means they will start to appear in places 
with the right conditions. Once the implementations are demonstrated and the benefits start to 
be appreciated, others will follow due to demand and competition.  

Cost savings are driven by the 30,400:1 economy of scale, with small, inexpensive vehicles. 
Extensive sharing of vehicles and high capacities further reduce the costs of vehicles, and the 
overall system, including infrastructure. Standards for modular reusable containers and 
mobility platforms facilitate competition, further reducing costs. 

Convenience is at the heart of the design for the mobility system. Travel is faster than with 
cars or public transportation today. People have more time, both due to the speed of the 
travel, and because they do not need to spend time driving. Personal mobility is provided on-
demand indoors and outdoors, for everyone, especially seniors, youth, and many others 
disadvantaged by the current car-centric transportation system. About half of trips today do 
not require you to be present: picking up medications, coffee, groceries, laundry, the list goes 
on. The mobility system provides for efficient delivery of these items, saving all those trips. 

Competition operates at many levels to drive things like these innovations. We are already 
experiencing an explosion of innovative e-bikes, e-scooters and other personal vehicles. 
Unfortunately, the current ones have safety problem and don’t help the many people with a 
variety of challenges. Similarly, transportation service providers are innovating in ride hailing 
and vehicle sharing. Municipal and state governments are competing to offer the most 
innovation friendly environment, to reduce congestion, to reduce costs, and improve the 
quality of life in their domains.  

Safety is a major concern, with car crashes killing 40,000 people a year, injuring 4.6 million 
people a year, and costing almost $2 trillion in personal consumption and the costs of crashes. 
Safety is turning out to be an Achilles heel for the development of autonomous cars. This 
mobility system avoids many of the safety hazards, simplifies autonomous navigation, 
improving safety, privacy and security. 

Sustainability is a growing concern almost everywhere. The mobility system offers 
significantly improved energy efficiency through use of shared autonomous electric vehicles 
and the advantages of continuous convoys. In addition to energy efficiency, these greatly 
reduce pollution both from operation and sharing of the vehicles and through reusable 
containers with efficient reuse, repair, repurposing, and recycling.  

Thus, we believe the ideas presented here can serve as a basis for innovation and 
implementation to substantially improve the quality of life for everyone. 
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Appendix – Input Parameters for Continuous Convoys in Figures 
The model for calculating the capacity and energy use of the Continuous Convoys & En 

Route Sequencing technique is described in the file Convoy Capacity and Energy Model 190625.  
An Excel spreadsheet that performs these calculations is in the file Convoy Capacity and 

Energy Calculations 190625.  
These files are available at DrivingTomorrow.net. 
The table below provides the input parameters used for the calculations in the indicated 

figures. 
 

Figures 2 2,3 10 

Convoy Parameters Manhattan 
- Albany 

Target 
Scenario 

Low 
Speed 

Convoy Traversing Speed, miles/hour 3 5 3 
Density of Contents, people / foot 1.71 1.71 1.71 
Entering & Exiting at Each Station 5% 40% 25% 
Acceleration, % Gravity 4.38% 14% 14% 
Time to Unload & Load, sec 90 30 90 
Minimum Stations Traveled 1 2 2 
Display Parameters       
Base Convoy Speed, miles/hour 65 65 75 
Base Station Spacing, miles          13.64  1        2.30  
Station Spacing multiplier 4 3        1.50  
Energy Parameters       
Rolling Resistance Coefficient 0.0004 0.0004 0.0045 
Drag Coefficient 1.8 0.36 0.36 
Front Area, square feet 145 145 145 
Weight/foot, pounds / foot 1,498 342 342 
Passenger weight, pounds 200 200 200 
Regenerative Braking Factor  80% 80% 80% 
Air Speed Fraction 100% 100% 100% 

Air Density Fraction 100% 100%, 5% 100% 
 


