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Abstract: Standardized cargo transportation (containerization) has transformed the 

world and greatly increased transportation efficiencies. However, the ISO shipping 

container has only solved a portion of the overall transportation puzzle. Shipping 

containers are excellent for long haul moves, but are not as effective for the last few 

miles where product is often delivered in small batches. At the present time there is 

development and convergence of new technologies that, when properly integrated, can 

result in transportation efficiency increases that will surpass the efficiency gains 

achieved with the shipping container. Central to these developments is autonomous 

driving, but if autonomous driving is developed outside of a consolidated transportation 

system approach, autonomous driving is more likely to result in reduced efficiencies 

(such as measured by carbon footprint per person) rather than increased efficiencies.  A 

system wide approach will be discussed in this paper and it will be shown that minor 

standardization efforts will resolve a multitude of transportation challenges not just for 

cargo but also for passenger transportation. The standard is five feet width for any 

rolling equipment that is used in this integrated system. This width would be adopted for 

automobiles and delivery trucks that move people and short haul cargo. 

There are two approaches for instituting this system. One would be by top-down 

regulatory (political) implementation. However, just like the implementation of 

containerization by Malcolm McLean, there could very well be applications that, when 

implemented on a relatively small scale, could result in organic growth and worldwide 

acceptance through private investment without specific regulatory force. In particular, 

ferry transportation, whether passenger or cargo, could be the core of a commercially 

driven implementation process.  

 

1. INTRODUCTION 

We have a tendency in our planning to confuse the unfamiliar with the improbable. The 

contingency we have not considered seriously looks strange; what looks strange is 

thought improbable; what is improbable need not be considered seriously. 

      Thomas Schelling (Economist 1921-   ) 
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Since the 1960’s the world has achieved incredible efficiency increases with regard to 

cargo transportation. The explosion of containerization
1
 and its effect on the world is well 

documented and is only now becoming better known outside of the maritime and 

logistics community. The container has exploded world trade and supported the rise of 

third world countries to second or first world status.  

With regard to passenger transportation, the world has been less successful in increasing 

efficiencies. A reasonable argument can be made that the efficiency of transporting 

people has gone down since the early 1900’s. Transporting people over long distance by 

railroad or by sailing ship is much more energy efficient than transporting people by 

automobile or airplane. At first glance, automobiles and airplanes may provide much 

greater apparent convenience at a, per person, reduced energy efficiency. However, in 

today’s people transportation system, we may actually have lost convenience, and we are 

simply expending more energy per person at no increase in convenience. 

 

 

 

The example of a medium distance commercial airliner trip between two medium sized 

US cities quickly establishes that the dense railroad systems of the early 1900’s might 

very well be more comfortable and faster door to door, if they were to exist today, and if 

                                                           
1
 The term “containerization” is a direct descriptive term and will be used in this paper. It is possible that 

“intermodalism” may be a more accurate term. 

Figure 1: 1984 and 2016 Business Trip Comparison. 

 

Business trip 1988 

 0615 Leave Red 

Bank  

 0815 Catch flight at 

Newark 

 0945 Arrive Norfolk  

 1000 Get car  

 1000-1500 Do job  

 1630 Catch flight 

 1745 Land Newark  

 1830 Home 

 

Total 12.25 hours 

Business trip 2016 

 Go to sleep early 

 0400 Red Bank 

 0715 Catch flight at 

Newark 

 0845 Arrive Norfolk  

 0900 Get car 

 1000-1500 Do job 

 Sit in airport 

 2000 Catch flight 

 2200 Land Newark 

 Home 2330 

Total 19.5 hours 
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the rolling stock had been upgraded with modern conveniences. Figures 1 compares a 

typical short distance flight schedule between Newark, NJ and Norfolk, VA in the 1980’s 

and today. It is an example that shows that, between the 1980’s and today, airline 

transportation has become less convenient and shows negligible improvement in energy 

efficiency. Today, people are often forced to choose inefficient and inconvenient forms of 

transportation because they are most profitable from a corporate income point of view. In 

actual fact, many modes of transportation would not be a traveler’s first choice if there 

were other transportation options.
2
  

Given a free choice between modes, each traveler makes a personal choice balancing 

cost, convenience, pleasure, door to door time, reliability and security.
3
 Furthermore, 

each traveler moves between different doors which will make apparently similar trips 

very different in actual practice. There may be an average traveler, but the big problem 

with passenger transportation is that there is no universal traveler. The random 

distribution of travelers, as far as physical location and individual choices is concerned, is 

massive and it is very difficult, if not impossible, to design one transportation system that 

is optimal for every traveler.     

A close evaluation of today’s passenger transportation system would indicate that there 

are opportunities for improvement, whether at the unit level (moving one specific person 

point to point) or at the world wide system level (the average consumption of all people 

moving about the world). At present these improvement opportunities are not being 

exercised due to a political desire to develop large transportation infrastructures in the 

hope that these infrastructures will improve transportation for large chunks of the 

population. However, because people are not static in their living and travel habits, 

transportation infrastructure often will require large investment that requires long term 

debt, requires continuous maintenance, and often will be maintained long past the point 

where it provides efficient returns. Meanwhile, as Figure 2 (U.S. Dept. of Transportation, 

2014) shows, road congestion is not resolving itself. 

                                                           
2
 It will become apparent later in this paper that re-establishment of dense rail systems may not be an 

effective solution in the USA. 
3
 Transportation choices are discussed in Micro or Macro design (Van Hemmen, 2015), where travelers 

often are willing to spend more for ferry transportation, not only for convenience, but also for pure pleasure 

considerations. 
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Figure 2: Annual hours of delay per car commuter (Source: Pocket Guide for 

Transportation) 

With regard to passenger transportation, it has become evident that humans are willing to 

spend a significant amount of money for the benefit of convenience, speed, security and 

reliability. Therefore Western nations are married to the car for the shorter distances. 

Generally, only if fuel costs are very high relative to overall personal income, and if 

public transportation is subsidized, do humans not use cars. With regard to long distance 

transportation, lacking other alternatives, we use airplanes and, cumulatively, we burn 

large amounts of fuel for transportation.  

Airplanes are significant per person fuel consumers. It is difficult to make airplanes much 

more efficient, since they are inherently designed to be efficient (hence the narrow 18” 

seats). Moreover, with regard to long distance transportation, slower option are also 

inefficient because food and accommodations need to be carried in long distance 

transportation, which is why fossil fuel powered passenger ships are no more efficient at 

taking people across oceans than airplanes. Sail could massively reduce per passenger 

consumption if ocean passenger transport can be reduced to about 11 knots. (Bonduelle, 

2015). 

There are some interesting intermediate solutions such as WISES (Wing In Surface 

Effect Ship) or WIG (Wing in Ground effect) (Hockberger, 2015) as can be seen in figure 

3 (Neu, 2013), while on land there may be a desire to use high speed rail for its very high 

per passenger efficiencies. However, high speed rail does not balance the needs of the 

average and the typical passenger and makes it difficult to deliver people door to door 

due its fixed and unmoving infrastructure, and the need to reduce intermediate stops to an 

absolute minimum. 
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Figure 3: Gabrielli - von Karman plot with Neu van Hemmen Limit Line 

Fixed infrastructure can be a fatal flaw in transportation design. Flexible infrastructures 

can adjust to changing needs and technologies, where routes can be changed, capacities 

can be changed, and equipment mixes can be changed. Fixed infrastructures will often 

operate in either overcrowded or underused conditions and only rarely under optimal 

conditions. 

With regard to land transportation (cars), there are efforts to increase the efficiency of 

individual cars, but overall success with this approach has been limited
4
. To a large extent 

this is related to a complex decision process that each car owner needs to go through. The 

Goldilocks choice is very difficult for cars; a single car that serves all the needs of one 

consumer often results in a much larger car than is necessary for the majority of trips. In 

effect, the richer the country, the more lightweight we drag along to move one passenger. 

The central problem with car inefficiencies is low deadweight to lightweight ratios. 

                                                           
4
 There are very specific limits to increasing efficiencies of individual cars, but, as will become evident, car 

transportation system efficiencies can still be very much improved. 
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The other problem with car transportation relates to infrastructure. 

Larger cars need larger infrastructure and this can be particularly 

evident when one considers that parking spaces need to be sized for 

the largest expected car and cannot be sized for the average car.  

Meanwhile, the use of cars has caused congestion and the general 

approach to solving congestion has been to build more roads 

(infrastructure). However, building more roads, bridges and tunnels 

does not increase efficiencies and simply adds an infrastructure and 

maintenance burden to each person that joins the system. This 

conundrum does not just exist at the highway level, but also exists 

at the urban level and is spreading from first world countries to all 

the world’s emerging economies, and is causing a serious energy 

problem that is described in detail in David MacKay’s “Sustainable 

Energy without all the Hot Air”.     

Generally dire world predictions related to rising population sizes 

are related to a linear extrapolation of western human energy use to 

the entire world population. However, today’s estimates indicate 

that Earth can sustain a population of 9 billion people if all human’s 

needs were optimally configured for minimal energy use.  

Figure 4 (McKay, 2009) provides average energy consumptions per 

person in England and available sustainable energy per person. This 

table shows that food and shelter only constitute a small portion of 

human energy needs. It is interesting to note that additional 

efficiencies can be achieved with regard to food (This would require 

significant large scale food production and moderate meat 

consumption) and that shelter energy use also can still be very much 

improved and actually can almost be reduced to zero with the most 

efficient high tech homes today. Regardless, it can be seen that a 

large portion of per capita energy consumption is absorbed by 

transportation needs.  

MacKay discusses the energy used for transportation and focuses on 

solutions that improve the efficiency of transportation devices and provides some 

suggestions, but he does not look at transportation at the system level and thereby may 

not be engaging the most effective solutions with regard to reducing transportation 

energy use.  

The transportation of products such as plastic lawn chairs between China and the US is 

quite efficient due to integration and the efficiencies of scale of the shipping container, 

Figure 4: Daily 

energy consumption 

vs. the available 

energy per person. 

(Source: Sustainable 

Energy-Without the 

Hot Air) 
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but the last few miles add a lot of energy. Lawn chairs need to be distributed from ports 

to inland points, from inland distribution points to stores and from stores by consumers in 

their cars to their homes. When the chairs are being discarded, the process follows a 

rough reversed path if they are recycled.   

All this end point transportation takes place in very inefficient fashion. While seaborne 

trade is quite efficient, worldwide trade itself is spreading transportation inefficiencies 

across the world in the last few miles to the consumers’ doors. 

This raises the question as to whether energy efficiency increases such as those achieved 

in the transition from break bulk to containerization can also be achieved in the last few 

cargo miles or for the transportation of people. 

 

2. THE MAGIC INGREDIENT FOR CONTAINERIZATION 

With the passage of time it is somewhat difficult to figure out what really made 

containerization succeed. It may be that the actual emergence and domination of 

containerization is a fortunate confluence of happenstances and, as is often the case with 

paradigm changing technologies, that is probably true, but still it is helpful to quickly 

follow the chain of events that resulted in the worldwide adoption of this system. 

While the concept of standardized containerization had been proposed (and even partially 

implemented) by many people, Malcolm McLean really grabbed the concept and ran with 

it. At present, the generally accepted genesis of Mr. McLean’s motivation appears to be 

related to his frustration of seeing his truckloads unloaded at the ship dock to be 

damaged, pilfered, and delayed while being loaded piecemeal into ships. It is not known 

if he fully perceived the multivarious benefits of his idea to use standard shipping 

containers. He might have focused on increases in speed or reductions in damage or 

reductions in overall cost, but the bizarre consequence is that there were increases in 

efficiency on many variables of cargo transport logistics, from the loading of the cargo at 

the manufacturer, to the unloading at the final distribution center.   

Containerization resulted in the following incomplete list of efficiency improvements: 

1. Reduced cost per ton mile of break bulk and even many bulk cargoes port to port 

2. Reduced cost per ton mile between manufacturer and port 

3. Reduced cost per ton mile between port and distribution center  

4. Increased speed 
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5. Increased loading speed allowing larger ship sizes and greater transport 

efficiencies 
5
 

6. Reduced loss and damage 

7. Reduced insurance rates 

8. Reduced handling 

9. Reduced paper work 

10. Vastly reduced carbon footprint per ton mile. 

This paper will not quantify the efficiency gains, but to transport 25 tons of high value 

cargo across the Pacific for about $3,000 boggles the mind, especially when one 

considers that to move the same 25 tons of goods even a few miles between the 

distributor and the consumer will often cost the same, and takes tremendous amounts of 

energy. 

The question is: What really made containerization happen? The longer answer is: 

Malcolm and his staff designed a box that could be effortlessly packed and sealed at the 

manufacturer, fitted on, and transported by trucks, ships, and trains, and delivered to the 

distributor. 

That implies that the box needs to have a fixed size, because, otherwise, the box could 

not be effortlessly moved between different modes of transportation. However, in 

practice, it was found that the box only needed to have a standard width; 8 feet. In 

practice, there have been, and continue to be, many lengths and heights, but all shipping 

containers are 8 feet wide and that will probably not change. Therefore the shortest 

answer to what made containerization happen is: 8 feet wide.  

Why 8 feet wide though? The answer to that question is twofold. From Malcolm’s point 

of view, choosing 8 feet was easy; 8 feet is the width of a typical freight truck. Wider 

would have been difficult to transport on land, so he just decided on 8 feet wide. On the 

other hand, if anyone were to ask why trucks are 8 feet wide the answer becomes more 

complicated.
6
 

Regardless, it appears that, to a large extent, 8 feet has been a pretty suitable dimension.   

Containers with larger dimensions such as LASH (Lighter Aboard SHip) barges never 

really caught on. In retrospect one can even argue that, today, LASH cargo can, on 

average, be less expensively moved in containers. Even carrying grain in bulk in 

containers can probably beat LASH delivery in the few typical LASH trades if original 

infrastructure investment is taken into account. With containers, farmers could load grain 

                                                           
5
 The size of break bulk ships was never limited by Naval Architectural limits. One could easily build 

Titanic size cargo vessels as early as 1900. The real problem was that such a ship would spend more time 

loading and unloading than sailing, and ships that do not move; make no money. 
6
 There is a reasonably good argument that the 8 feet width is the result of the width of a horse’s rear, but 

this author has decided to surrender the answer to the mists of time. 
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directly in containers and the containers could bypass silos and go straight on ships. Only 

because bulk farm infrastructure already existed, and because farm fields and mines do 

not move much, was LASH able to fund its own infrastructure, and poorly at that.  

In retrospect, the suitability of 8 feet wide may not be so strange. It needs to be 

remembered that all design ultimately is scaled to the size of tall humans. Objects for 

consumers need to fit through doors, and handled by humans. Objects that are larger than 

that can be disassembled, or, beyond that, have no natural scale limitations and therefore 

defy packaging. Regardless, 8 feet width was not immediately optimal
7
. And, quite 

frankly, if one were to approach a shipper in 1950 and say that they can only move their 

products in 8 feet wide boxes, the wrist watch manufacturers would have told the shipper 

to get lost, and so would the grand piano
8
 manufacturer.

9
 Undoubtedly, every 

manufacturer could have designed shipping packaging that, for whatever reason, would 

have been more efficient to them than using an 8 feet wide box, but this individual choice 

had already resulted in the inefficiencies of break bulk shipping.
10

 

Break bulk shipping was broken by Malcolm McLean. He was lucky; he found a killer 

app between locations that should be shrines to efficiency but that are often called the 

armpits of the world: Newark, New Jersey and Houston, Texas. And once the concept 

had a toehold, another unloved bit of human history, the Vietnam War, assured the 

success of the concept where it was proven on a larger scale by Malcolm McLean. From 

that point only one dimension, 8 feet wide, dictated a level of discipline on international 

shipping that can no longer be broken and that even the wrist watch and grand piano 

shipper have to acknowledge has very dramatically reduced their shipping costs and very 

dramatically increased their access to the world market. 

However, is 8 feet wide a suitable dimension for the last few miles? 

The last few miles is almost always road, and road cargo delivery is by far the largest 

energy consumer (or GHG emitter) as shown in figure 5 (Bonduelle, 2015). 

                                                           
7
 The container door opening was, frustratingly, just a few inches short of two standard shipping pallets. 

This was resolved by changing pallet width as needed and by reengineering the container door posts to 

provide the same width as the container interior width. This latter refinement also much reduced box 

content securing requirements.  
8
 Consumer products do not become much larger, since they need to fit through doors and doors are rarely 

more than 8 feet high (or 4 feet wide). It will later become apparent 8 feet is ample for consumer products 

and that there are very few consumer products that are moved in chunks larger than 4 by 8 by 8 feet.   
9
 It needs to be pointed out that the advent of freight consolidation (box stuffing), and the advent of 

computers were very effective at allaying any objections that match book, watch, fine wine and lipstick 

shippers may have had. In other words, the advent of computers also drove the container concept towards 

world domination. 
10

 At one time in history there was another more or less standardized shipping container; the barrel, and, 

before that, the amphora. The reasons for the discontinuation of these containers would be the subject of 

another paper. 
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Figure 5: Comparing energy on the road with energy using other means of 

transportation. (Source: Roadmap for Sail Transport) 

 

3. THE MAGIC INGREDIENT FOR SHORT HAUL AND PASSENGER 

TRANSPORTATION 

The moment one sees a semi-truck with a standard shipping container turn onto a 

Manhattan street it becomes apparent that 8 feet wide may not be optimal for cargo 

delivery to the consumer. Besides the dimensional difficulty of moving a large box 

through crowded streets, for final delivery, the use of a large vehicle also becomes 

inefficient from a deadweight to lightweight ratio point of view. Too soon a very large 

vehicle is moving a very small amount of cargo. In actual city delivery, more commonly 

a delivery truck is used, but often those vehicles are still in the order of 8 feet wide. These 

are the UPS vans and beer trucks that so effectively block traffic in busy cities. 
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Figure 6: Five feet wide delivery truck vs. eight feet wide delivery truck 

Only a very small portion of cargo actually is 8 feet wide and the vast majority of cargo is 

in the range of width of a cargo pallet (42 inches). As such, a delivery van does not have 

to be much wider than the cargo pallet. In city traffic there is a practical length limit and 

this is why delivery trucks are 8 feet wide to provide maximum floor area. However, a 

narrower delivery truck in the 5 feet range, on a system wide level, provides immense 

benefit in an urban setting. With present street widths, a street that is normally blocked by 

an 8 feet wide truck would still provide full flow if the same street is only populated by 5 

feet wide vehicles. In such a system, a 5 feet width delivery truck can even double park 

and traffic flow would not be impeded.
11

 This width math is incredibly powerful. The 

moment all rolling stock is limited to 5 feet in width, traffic capacity on existing roads 

explodes. Not only is there space for three (or more lanes) instead of two lanes, in 

addition, the risk of obstructions is very significantly reduced.  

 

 Figure 7: Five feet width vehicle examples 

 

                                                           
11

 Imagine a two way street with an 8 feet parking lane and an 11 feet traffic lane each way. A double 
parked delivery truck will stop traffic. However, when all rolling stock is 5 feet wide the parking lane will 
be 5 feet, and there will be two traffic lanes each way. A double parked 5 feet wide delivery truck in each 
direction will still allow full flow in one lane in each direction.  
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Figure 8: Typical Manhattan traffic conditions with random rolling stock width 

If there is little reason for 8 feet wide rolling stock, and if rolling stock is limited to 5 feet 

width, our existing infrastructure can absorb a very much increased level of traffic. This 

is only one benefit, since road maintenance per ton mile (or passenger mile) will also 

drop.
12

 

If one were to take Manhattan as an example, it would be possible to increase traffic flow 

and increase parking capacity in Manhattan overnight if one were to limit all rolling stock 

in the city to a width of 5 feet. All parking spaces would be 5 feet wide, and on city 

streets, where there was one remaining traffic lane before, there will now be two traffic 

lanes. Depending on the particular needs on a particular street, one could choose to use 

the extra lane for increased traffic flow for a bike lane, or for a combined delivery truck 

loading/unloading and short term pick up/drop off lane. 

In addition, all existing parking garages in the city would gain about 20% capacity since 

the width of standardized parking spots can be reduced. 

Three objections have been raised against this approach. 

1. What if I absolutely have to deliver large cargo anyway? 

2. But would I not need a lot more drivers (and trucks) to deliver the same amount of 

cargo? 

3. What about fire trucks?  

                                                           
12

 Infrastructure maintenance is the bane of our fiscal existence. See: 
http://www.strongtowns.org/nonewroads/   

http://www.strongtowns.org/nonewroads/
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The first objection relates to the grand piano argument.  There is not much cargo that is 

wider than 4 feet, but even in the case of such rare cargo, the overall road widths have not 

changed, and it would still be possible to drive the occasional 8 or 10 feet wide semi into 

the city using two 5 feet wide lanes during low traffic hours to make a delivery.   

The response to the second argument is a complex system analysis that can be 

approximated by noting that in Manhattan traffic, delivery drivers spend much more time 

being stuck in traffic than actually delivering cargo. If drive time is much reduced (by 

higher traffic flow rates and/or available parking) the ability to deliver more cargo is 

increased. As such, a 5 feet rolling stock restriction could very well speed up cargo 

delivery per driver.
13

 

The fire truck objection is valid to the extent that present width fire trucks would still be 

restricted, but there is no technical reason why fire trucks have to be 8 feet wide. It would 

simply dictate the replacement of the present fire trucks with 5 feet wide fire trucks. 

Interestingly, response times would be much improved in a 5 feet wide rolling stock 

Manhattan. 

There could be a fourth non-technical objection: Why restrict my freedom to buy wide 

cars? If wide cars were outlawed, in the vast majority of cases, one could use two smaller 

cars (this becomes even more apparent later in this paper), but, most of all, it needs to be 

remembered that cars of all widths pay the same amount for roads. Even though narrower 

cars use less road, and wider cars cause harm in creating inefficiencies throughout the 

entire system. One wide car can prevent two narrower lanes of traffic from flowing, but 

in today’s transportation system the wide car owner does not pay for creating this system 

wide inefficiency and its associated cost.  

Besides improved traffic flow, a 5 feet width restriction inherently results in higher fuel 

efficiencies. All things being equal, a 6 feet wide car will have 20 percent more air drag 

than a 5 feet wide car. Since narrower cars of the same length will also be inherently 

lighter, they will be less expensive, and standardized width could compel consumers to 

purchase a two seater (Smart Car
14

) plus a 5 feet wide minivan. This allows hi/lo use 

                                                           
13

 On a larger system level it could also take advantage of maritime flexibility and design. Today, delivery 

trucks are generally loaded outside Manhattan. However, if 5 foot wide delivery trucks are the norm, it 

would make sense to send containers by water to a Manhattan based distribution center for loading of the 5 

foot wide trucks. This author was involved in the analysis of such a system for food deliveries in Manhattan 

a few decades ago, but the system could not succeed because it continued to use standard trucks.  
14

 Originally the Smart Car was less than 5 feet wide, but, today, it exceeds that margin by 1.5 inches. Until 

2014 Daimler produced a Smart K which conformed to Japanese width requirements and was 59.5 inches 

wide. 
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mixing, which is one of the most effective methods of reducing passenger mile fuel 

consumption when optimizing a transportation system.
15

 

Five feet wide cars could meet with very significant consumer resistance and may incur 

crashworthiness design challenges (However, it is interesting to note that impact energies 

in a system that consists entirely of 5 feet wide cars will also be reduced and simplify the 

risk assessment and quantification of impact energies). These cars are inherently less 

spacious than today’s average cars and therefore might be regarded as less attractive 

purchase options.
16

 Only if the benefits of 5 feet wide cars are markedly higher than non 

standard width cars, will consumers become interested in their purchase. The purchase of 

such cars should be tied to specific benefits.      

It is noted that a car width restriction is not a unique proposition. In Japan there is a long 

tradition of width restricted cars, which, as a group, are referred to as Kei cars. These are 

restricted width cars that initially were developed for narrow Japanese roads. At various 

times these cars also were provided with tax incentives to promote reduced fuel use and 

reduced road congestion. Today the restricted width of Kei cars is just a little less than 5 

feet and there is a great variety of Kei cars ranging from sports cars, to two seat 

commuters, to seven seat minivans, to delivery trucks and even four wheel drive utes. 

While they generally do not meet present US federal safety standards, they are approved 

for limited road use in various US states. Kei cars could be immediately slotted into any 

transportation system that limits rolling stock width to 5 feet and could function quickly 

and inexpensively in system test settings. System test settings would be integrated 

systems that exclude wider rolling stock, but would allow 5 feet wide rolling stock to 

interact with wider rolling stock in unregulated areas. 

Some of those test settings could be Malcolm McLean type killer apps and organically 

spread beyond the initial test area and result in a universal standard like the 8 feet width 

in containerization. Some examples of such potential applications will be provided later 

in the paper. 

Meanwhile, there is another game changer on our immediate horizon. 

 

 

                                                           
15

 And which has confused naval architects with regard to integrating jumbo container ships into intermodal 

systems and confused Airbus engineers with regard to integrating the A380 into airline systems, where at a 

certain stage too much “hi” in the system provides its own inefficiencies. 
16

 They would still offer much wider seats (24 inches) than airline seats (18 inches), and for those who 
really want to spread out, these cars would still fit a single seat of at least 4 feet width. 
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Figure 9: Cars conforming to 5 feet Japanese key width restriction 

 

4. AUTONOMOUS DRIVING 

We are standing at the threshold of a world wide game changer
17

; autonomous driving. 

The effect of autonomous driving will very seriously shift our perception of 

transportation, both of people and of cargo.
 18

 

Autonomous automobiles and trucks will have tremendous effects on society such as: 

1. Reduced traffic deaths 

2. Increased mobility for very senior citizens, who no longer are able to drive cars 

themselves 

3. Increased long distance transport by road, which will reduce airport congestion 

and associated frustrations. 

4. Removal of texting and driving (and DUI) concerns 

5. Increased commuter efficiencies (reduced congestion, less stop and go driving, 

possibility for increased on the road productivity due to reduced time engaged in 

driving, convoy driving) 

                                                           
17

 The other candidates could be fire, agriculture, written word, moveable print, sail trade, gunpowder, the 

enlightenment, steel, steam, modern medicine (anesthesia, germ theory, life expectancy), telegraph, 

electricity, automobile, flight, radio, fertilizer/high yield grains. People born around 1960 will have 

experienced about 9 worldwide progressive game changers of possibly as few as 30 of such shifts  in 

humanity’s roughly 100,000 year history. The recent game changers can be listed as space flight, 

contraception, environmentalism/sustainability, containerization (intermodalism), digital technology, 

genetic technology, the internet and cell phone technology.   
18

 Autonomous navigation as used in large worldwide maritime trade is both somewhat easier (we have had 

ship autopilots for many years) and much more complicated (if we consider completely unmanned large 

ocean going cargo ships). However, it is unlikely to become a true game changer, because it provides only 

modest potential savings to an already efficient system.   
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Figure 10: Anticipated traffic condition with 5 feet wide autonomous rolling stock  

However, like all technologies, there can be unintended consequences. 

Truly successful game changers positively impact society. Contraception has reduced 

population growth, space flight has resulted in shared resources such as GPS and the 

International Space Station, and digital technology, cell phones and the internet have 

improved education, quality and equality of life through surprisingly low actual cost to 

individuals and thereby provide a huge lift to second and third world nations. Meanwhile, 

there are also negative impacts from those game changers. For example, containerization, 

despite its benefits, has also increased worldwide fuel consumption (from increased 

world wealth) and consumerism, which has resulted in negative environmental impacts 

related to green house gases and waste.  

At this time, autonomous rolling stock has only received limited analysis with regard to 

its ability to change the world. Game changers always have economic impacts and 

thereby create winners and losers (buggy whip manufacturers). There will be negative 

economic impacts with autonomous driving (in the first instance, taxi drivers and Uber 

drivers will incur economic losses), but it makes sense to design the system such that the 

negative impact will be minimized. Particularly with regard to 

environmentalism/sustainability, it would be worthwhile to investigate the impact of 

autonomous rolling stock as far as energy use is concerned.  

Autonomous driving provides interesting potential to reduce fuel consumption per capita 

if it is regarded on a system wide basis, but it can quite easily result in a significant 

negative effect. Autonomous driving provides an attractive alternative against the airline 
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scenario shown in Figures 1, as can be seen in Figure 11. But the question is: What would 

this autonomous vehicle look like? 

 

 

Figure 11: Autonomous driving business trip. Duration 21:00 hrs. of which 

approximately 7 hrs. asleep 

It is not unrealistic to assume that, without significant restrictions, a person (with first 

world financial means) would choose to use a large vehicle with a comfortable bed, 

kitchen, toilet and a shower. In other words; an autonomous RV.
19

 From this it can be 

concluded that, with autonomous driving, people may spend more time in cars and travel 

greater distances, and an increase in car sizes could very well occur. Such a scenario 

would result in reduced passenger mile efficiencies with the adoption of autonomous 

driving. 

In addition, autonomous driving may increase urban sprawl where commuting distances 

can be increased since commuters can sleep or be productive in their autonomous cars. 

On the other hand, if a 5 feet width restriction were to apply to autonomous vehicles, this 

dynamic will be interrupted. A 5 feet width restriction would also change the landscape 

to an almost reverse effect that occurred in the United States during the introduction of 

the interstate highway system. Vehicles without beds, toilets and kitchens require more 

                                                           
19

 That person could very well be me, since the Red Bank, NJ to Norfolk, VA scenario applies directly to 

my business patterns. As a certified tree hugger and road side diner enthusiast, I may still opt for a small 

autonomous car if I can be assured of a clean rest stop where I can take a shower when needed.  

Business Trip 2020 

  Cocktails at home, play 

with dog, watch movie 

 Sleep in car from Red 

Bank to Newport News 

2300 to 0600 

 Take shower and have 

breakfast in Newport News 

 Do job 0800 to 1330 

 Drive home, have first 

cocktail, write reports and 

do correspondence 

 Home 2000 
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evenly spread support facilities such as rest stops and rural communities (which increases 

drive time, but decreases fuel consumption by reducing car lightweight).  

More significantly, a 5 feet width restriction on autonomous driving would open 

additional opportunities for rolling stock efficiency gains such as: 

1. Increased fuel efficiencies through more effective convoying (the convoy would 

have a continuous 5 feet width.) 

2. No growth in RV sized driving and associated energy consumption.
20

 

3. Increased parking efficiencies, allowing cars to be autonomously parked without 

passengers, and, with all autonomous spaces having identical width, thereby 

providing a more efficient autonomous car parking system, with less average 

parking time and distance. 

4. Reduced parking space width to barely more than 5 feet. All that needs to fit is the 

car and passengers would get in or out before the car parks. 

A 5 feet width restriction on autonomous driving will have interesting marketing 

consequences. Initially higher cost cars will be fitted with autonomous driving 

capabilities. A  5 feet width restriction will introduce higher end 5 feet wide cars to the 

market first and thereby drive adoption similar to the Tesla electric car approach.    

The combination of autonomous driving and a standard width would provide an efficient 

passenger and short haul cargo transportation system that would have a significant 

positive impact on passenger per mile and short haul ton per mile efficiencies. 

 

 

Figure 12: Convoying Vehicles 

It is important to note that interstates, major highways, and low traffic density regional 

routes will still accommodate “standard” wider cars and trucks. On those roads there 

could eventually be limited special lane development or 5 feet wide cars would simply 

integrate in the overall less efficient traffic patterns like Smart Cars would today. 

                                                           
20

 A five foot wide restriction on autonomous driving would not necessarily eliminate traditional width 

RV’s. It could result in non-autonomous 8 feet side RV’s towing five feet wide autonomous cars, and 

would leave RV use, in general, unchanged.   



Van Hemmen Containerization V2.0  19 

 

Figure 13: Extra bridge capacity with 5 feet width restriction autonomous driving lanes  

Undoubtedly, the overall passenger/mile, and short haul cargo/mile energy use would go 

down dramatically. It is difficult to provide estimates with regard to reductions in energy 

use, since, overall, the system is so incredibly complex, but some parametric estimates 

can be provided. 

David MacKay faced a similar problem and he decided to quantify energy use and 

available sustainable energy on a per person basis. This, per person, consumption data, is 

broken down in categories, some of which would be affected by 5 feet width autonomous 

driving. Using this approach, we developed a scenario and provided estimates for 

increased efficiencies in the various energy use categories if 5 feet wide autonomous 

driving were generally accepted. Since the MacKay data is based on United Kingdom per 

person consumptions, it would be necessary to use UK transportation assumptions rather 

than US transportation assumptions.
21

  

Using the UK per person energy consumption data is probably a reasonable assumption 

when estimating 5 feet width autonomous driving efficiency increases on a total first 

world basis, since it probably represents a reasonable first world average. The 5 feet 

width autonomous first world consumption would eventually become the worldwide 

standard with continued energy increases by third world nations when they enter first 

world status. 

                                                           
21

 The United States and Canada are actually special cases with regard to transportation. These cultures 

have inherent high mobility that was never moderated by high fuel taxes. Moreover, this mobile culture is 

deeply ingrained and only barely abates with increasing fuel prices. North Americans simply like spending 

time on the open road and spend their available capital (financial and political) on that life style.  
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Figure 14 shows an estimate for fuel savings 

per English person using 5 feet width 

autonomous driving as compared to 

autonomous driving without width 

restriction. (The background assumptions are 

provided in Appendix A) This estimate 

indicates that fuel savings per person would 

amount to 12%. 

This is a significant saving, but might not be 

initially regarded as truly shocking. 

However, it should be noted that even if car 

consumption can be reduced by 50% by 

other means (this is highly unlikely unless 

we force consumers to use smaller cars) the 

total fuel saving per person would still only 

amount to 10%, but, absent a 5 feet width 

standard, it would not solve congestion 

problems to any significant extent. Without a 

5 feet width restriction, most of us may be 

driving more efficient smaller cars, but one 

person in a wider car can prevent the system 

from becoming inherently less congested, 

and would make the entire system slower, 

more expensive to build and more expensive 

to maintain. 

Interestingly 5 feet width autonomous 

driving combined with further car efficiency 

technical gains really starts to make headway 

in transportation energy reductions. While 

Dr. McKay is not fully convinced that there 

will be sufficient sustainable energy 

available in the world for a population of 9 

billion people, there is hope for the future if 

only a minor regulatory standard can reduce per person energy use by 12% with overall 

positive benefits with regard to consumer convenience.  

The central question is: Would it be possible to find sufficient governmental foresight to 

institute a 5 feet width restriction on autonomous driving? Such a restriction may very 

well be possible in isolated locations and may provide very substantial benefits to such 

communities, particularly since it can be instituted at remarkably low cost. Unfortunately 

Figure 14: Comparing figure 4 with five 

feet width autonomous driving energy 

saving 
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it may not readily occur in economies that can actually drive worldwide adoption such as 

the United States. 

It may be that a large authoritarian economy such as China may adopt a 5 feet wide 

autonomous driving rule. This could potentially provide China with a significant 

economic advantage due to greater transport efficiencies. Even more interestingly, such a 

rule in a developing country like India would allow much more efficient transportation 

infrastructure development while burdening first world countries with the cost of 

maintenance of their much less efficient systems.
22

  

On the other hand, a 5 feet width transport conversion can be easily accomplished in the 

United States and other first world countries on existing infrastructure, and it would 

appear there is a significant lead, follow, or get out of the way aspect to the concept. 

  

5. A SEARCH FOR KILLER APPS
23

 AND MARITIME 

If nationwide adoption of a 5 feet width restriction does not occur, could there be a 

commercial application that will forego the need for governmental regulation? 

It should be remembered that only a small portion of humanity’s game changers were the 

result of government efforts
24

, and that Malcolm McLean’s containerization system relied 

on the introduction of the system in a few optimal locations where it could dominate. As 

such, it may be attractive to investigate whether there is potential for five feet wide 

autonomous driving insertions in road transportation. Central to this investigation is the 

concept of organic growth of a system. The rate of organic growth, if it occurs at all, is 

related to critical mass, viability, and natural resistance.  

Critical mass requires that an organism needs to gain a toehold where it is inherently 

stable and dominant. Viability means that in areas of potential growth it needs to be 

competitive (inherently more powerful than its competitors) and also have potential to 

spread after dominance in its initial habitat.  Natural resistance is anything that prevents 

the organism from spreading. Natural resistance can be a competing virus, a fatal flaw, or 

                                                           
22

 Strangely if China and India were to adapt such a system, other countries like the US may very well 

become ready to consider such a change themselves. However, if countries like the US already have 

autonomous driving RV’s, we will have to deal with the autonomous driving RV owners who will object to 

such a change.   
23

 My intern Sara Zaky pointed out that the term “Killer App”, may not be absolutely correct in this usage, 

but for lack of a better term I will use it here. The term “Life Hack” may be more appropriate. 
24

 The internet and autonomous driving (which was technically proven by DARPA) may be two of a very 

few. Generally a game changer occurs through a private effort and is eventually incorporated into a 

government structure.   
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political opposition if the organism can be controlled through politics
25

.  In essence, a 

killer app is the creation of a very successful organism. 

Greenfield urban development (or brown field urban redevelopment)  could very well 

benefit from a 5 feet width restriction today, and once autonomous driving is adopted, it 

could be applied to this 5 feet wide rolling stock and provide an additional efficiency gain 

in that community. Some investigations in this regard are underway, but it needs to be 

remembered that urban development depends on customer acceptance and the purchase 

of a home in a 5 feet width rolling stock restricted area is quite an investment with a 

significant level of risk to first adopters. Furthermore, while residents within a 

community may choose to adopt 5 feet width rolling stock, it provides little incentive for 

conversion outside those communities (this is the case with the Japanese Kei car, and has 

also occurred to some extent with golf cart communities in the US). Outside those 

communities there will be few roads that only cater to 5 feet width autonomous vehicles 

and, instead, the 5 feet rolling stock will blend in, but there will be few incentives for 

large (country size) system wide efficiency increases. In effect, one will achieve a Smart 

Car status quo with some adaptors but no organic growth. 

Instead, it may be more effective to insert the killer app into an existing infrastructure and 

to slowly and steadily expand the app to a level where the advantage of 5 feet width 

transportation simply overcomes the advantage of wider rolling stock. 

This may be achievable in certain urban areas such as San Francisco bay, Hong Kong, 

Rotterdam or Seattle where there are opportunities to reduce transit times and cost by 

taking advantage of ferries to bypass ineffective infrastructures. The Port of New York 

and New Jersey
26

 could be one such a location.
27

  In 2010 this author first proposed the 

Maxi Taxi concept (Van Hemmen, 2013). This concept centered on a car ferry 

transportation system that used standard width cars and automated parking to increase 

ferry loading speeds and took advantage of emerging technologies to increase 

convenience, ride sharing, commuting speeds and efficiencies. 

                                                           
25

 Politics tends to be a weak natural resistor in maritime innovations, since maritime allows superior 

technologies to bypass resisting political systems until their competitive disadvantage compels them to 

adopt. Historically only a very few nations have been able to resist maritime innovations for a few years. 

Unions could not stop containerization in even one country although they continue to have somewhat of a 

system efficiency reducing impact.   
26

 The Port of New York and New Jersey is a circular area of 25 mile radius centered on the Statue of 

Liberty. It quite usefully contains the local transportation logistics of this metropolitan area, together with 

some major nationwide transportation arteries.  
27

 This author is most familiar with PANYNJ infrastructure features and therefore describes the system 

in this location. 
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Figure 15: Maxi Taxi ferry system vs. bridge crossing 

Inherently this system would operate at very high per passenger efficiencies where it 

would use identical minivans (Maxi Taxis) to transport commuters. The aim of this 

project was to provide a very high efficiency river crossing commuter system.  Since this 

system would be optimally positioning ferry terminals along the riverfront (without the 

need for land based parking space) it can bypass choke points (bridges and tunnels) and 

achieve very high point to point speeds and efficiencies.  Maxi Taxi was a standalone 

system where the investment would include Maxi Taxi development and purchase, 

software development, ferry development and purchase, and system (infrastructure) 

integration into the Port of New York and New Jersey (in other words, some political 

assistance). 

The high speeds in the system would be achieved through the use of relatively low speed 

ferries that could be routed for maximum door to door transit speed. It inherently used the 

flexibility of ferries to hook into New Jersey and New York waterfront infrastructure 

where a certain level of Maxi Taxi traffic could be optimally routed to. Since the system 

would not need waterfront parking, waterfront access costs would be low. 

Essential to the optimization of the system would be high speed car loading onto the 

ferries and efficient space use on the ferry. This dictates automated parking features and 

standard lane width. A lane width of 5 feet was selected for the same reasons as noted 

above. 

The highest investment in the system would be the cars and the ferries. The cars were 

envisioned as custom specialized vehicles using a ride share approach, but, at a loss of 

some of the initial system efficiencies, readily available cars such as Kei cars (although 

not presently federally certified) with autonomous parking features or Smart K Cars with 

autonomous parking features or possibly even the Google autonomous driving car could 

be used.  
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The investment in the ferries would be substantial, but there are some interesting 

underlying economics. Traditionally a commuter ferry’s viability is related to the number 

of runs a ferry can make during commuting hours.  This is a traditional ferry route 

development conundrum (Dunzelman, 2015). However, this conundrum can be alleviated 

if the ferries can be assigned alternate duties during off-hours.
28

 

Noting that cargo delivery generally occurs at off rush hours, the above described five 

foot wide cargo delivery system could also use the ferries quite efficiently during off 

hours.  

Functioning both as a passenger and a cargo ferry, the vessel use could be extended as 

follows: 

 0400-0600 hauling loaded five feet width delivery vans to Manhattan 

 0600-0800 hauling commuters to Manhattan and back hauling empty delivery 

vans 

 0800-1700 light duty in delivery van hauls and off rush hour passenger cars 

 1700-1900 back haul of rush hour commuters and hauling loaded five feet width 

delivery vans to Manhattan 

 1900-2000 back haul of delivery vans to distribution points 

Outside these hours, river crossing traffic tends to reduce to a level where the use of 

tunnels and bridges for delivery vehicles is viable and the ferries can probably not 

effectively compete. 

As far as cargo delivery is concerned, the ferries are not constrained to the terminals 

where commuters are picked up and dropped off. With wider adoption of the system, the 

cargo delivery function will allow the system to grow organically for cargo flow from, 

say, New Jersey to Brooklyn and, since a ferry does not have to be fully committed to 

cargo or passengers, it would even be able to deliver passengers in their own car from 

New Jersey to Brooklyn during mostly cargo runs.  

This water based organic cargo and passenger growth only requires 5 feet width rolling 

stock and automated parking, but autonomous driving will accelerate the viability of the 

cargo system since autonomous delivery vans will not be dependent on driver costs and, 

at that stage, the cargo component has become an intermodal sister to the 8 feet container 

intermodal system, while at the same time allowing integrated passenger transportation 

within this intermodal system.     

                                                           
28

  A frustration in this system is the technical requirement to provide vehicle egress space for passengers 

on the ferry car decks, which result in a 5 feet wide car lane plus at least a 2 feet wide passenger egress lane 

on the car deck. If customers leave the car before the autonomous car boards the ferry, this 2 feet wide 

passenger lane can be omitted.   
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6. PUBLIC ACCEPTANCE 

In discussing the above concepts with peers, there is often little expressed enthusiasm for 

this energy conservation approach. When the opportunity arose to further evaluate this 

response, it became apparent that those who were newly introduced to the concept would 

readily acknowledge the technical realities and opportunities, but would have 

reservations due to its apparent utopian quality. The proposed approach is entirely neutral 

from a utopian point of view. Rather, this width standardization approach indicates that 

there is a previously unidentified technical solution that, if implemented, can result in 

significant energy savings, which concurrently could provide significant human benefits 

outside of direct energy savings.  

This sounds like a free lunch and humans are inherently cagey about free lunches. There 

are probably no free lunches out there, but there are inexpensive lunches out there and 

during human history we have encountered inexpensive lunches, such as print and 

antibiotics. At this moment in time, human progress has placed us at the edge of an 

inexpensive lunch that we can either accept or ignore. However, if we ignore it, we will 

probably be paying full lunch prices in land transportation for a very long time to come.  

 

7. CONCLUSION 

It is quite expensive to achieve meaningful energy efficiency gains when these efficiency 

gains are achieved through incremental technology improvements. However, by 

instituting, and fully implementing, a standard 5 feet width requirement for road based 

rolling stock, per person worldwide energy consumption can ultimately be reduced by at 

least 12% and possibly more. This width standard can be easily implemented by only 

allowing autonomous driving in 5 feet wide cars. A simple government regulation in this 

regard would automatically achieve these efficiency gains, and while it may encounter 

political resistance, its cost is zero and actually will reduce infrastructure investment and 

maintenance costs in the longer term and, quite likely, will increase overall customer 

convenience such as reduced transit times and individual transit costs.  

This contrasts to a possible, per person, energy consumption increase if autonomous 

driving is implemented without a width restriction. Once autonomous driving is available 

in cars that are wider than 5 feet, this regulatory opportunity is highly unlikely to reoccur. 

Barring the political foresight and will to implement such a restriction, there are 

opportunities for commercial implementation of such a system that, similarly to 

containerization, may ultimately achieve commercial dominance and acceptance by 
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making investments in specific high density and congestion transport locations such as 

New York Harbor. 
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