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Comments on the Comments to Dr. Michael Andregg’s 2-17-09 St. Paul Pioneer Press Editorial 
In Defense of Innovation in Public Transportation 

 
J. Edward Anderson, Ph.D., P. E.1 

 

 I have read 31 comments posted in the Pioneer Press in reaction Dr. Andregg’s Editorial.  
As can be expected, some were complimentary and some negative.  Whenever I have lectured 
on an issue of public concern, I have found the most useful strategy to be the careful study of 
the arguments in opposition to the views I had concluded should be advanced, and then adjust 
my position to take into account reality.  I have used this strategy most often while lecturing on 
either nuclear arms2 or personal rapid transit (PRT),3 which I chose to study because through it I 
envisioned a future urban environment far superior to that which we experience today.  Under-
standing the arguments of the opposition is most certainly a useful strategy in explaining PRT.   
 
 Opposition to new ideas that permit greater efficiency in industrial processes has a long 
history.  One of the most well known early cases is the action of the English Luddites early in 
the 19th Century who, in a futile action, destroyed labor saving machinery that threatened their 
jobs.   Today, as we face a more crowded world with more and more limited resources, we, as 
Thomas Friedman4 has so eloquently pointed out, must become more efficient in the use of our 
resources.  On the other hand, too rapid a change, as Naomi Klein5 has developed in great de-
tail, can cause great suffering.  PRT is developing, as evidenced by projects in England, Sweden, 
and the United Arab Emirates, and as increasing interest develops in the United States, now 
mostly but not entirely in California – the State that has been the most progressive on many 
fronts.  It is well and proper, in my opinion, that PRT develop slowly to permit adjustments in 
the labor force, but too slowly will result in wasted resources in futile attempts to accomplish 
what cannot be accomplished with conventional technology.6   
      
 Those who have devoted time to a better way to move around in an urban area have 
done so because of profound dissatisfaction with present modes.  The ultimate, short of “Beam 
me up, Scotty,” has more and more clearly been recognized to be some form of PRT.  In trying 
to advance consideration of a system of such fundamental importance to urban society as a 
new form of transportation, it is necessary for the proponent to answer every conceivable con-
cern about it.  There can be no hidden agendas.  Full transparency is essential.  One can com-
pare the current situation with that of Henry Ford or the Wright Brothers.  Both introduced 
transportation systems that have had profound influences on life in the 20th Century, both of 
which until recently have been considered wholly positive.  Could either have succeeded if a 
broad consensus would have been required in advance?  I doubt it.  You, dear reader, can think 
of arguments that would have been made in opposition to anything new.   
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 I am much in favor of the assessment of new technologies before they are introduced.7  
Such an assessment killed U. S. federal involvement in the supersonic transport.  As is well 
known, it was built and operated in Europe but eventually for economic reasons failed.  PRT has 
needed such assessments, and has been subject to them by various groups, in greatest detail in 
recent times in Sweden.   Here is one conclusion:  “Our recommendation is therefore clear—a 
PRT system provides such a broad range of desired qualities that it should be given highest 
priority in research, development, testing, and demonstration for implementation in the urban 
environment.”8 
 
 One serious problem with PRT is that there are many ways to design it – most of which 
do not meet the necessarily wide range of requirements and criteria.  Such designs can and 
have been held up as reasons it will never work.  The challenge for those of us who work on PRT 
has been to discover how to design a PRT system that meets all requirements and criteria re-
lated to service, cost, safety, reliability, etc.  Understanding and following a comprehensive de-
sign process is key.  My main contribution is given in the paper “Fifteen Rules of Engineering 
Design.”9  How I have followed this disciplined approach can be understood by viewing a pres-
entation called “Solving Urban Transportation Problems through Innovation,” which is given in 
a video that can be viewed on the same web page.  It is public for anyone to criticize, and criti-
cisms are warmly welcomed. 
 
     Another serious problem with PRT is that proceeding with a PRT project requires a ra-
ther large entry fee.  It is not something that can be started and commercialized from the in-
ventor’s garage.   Since the entry fee is generally beyond the inventor’s means, which is almost 
always small, it requires agreement among at least three parties: inventors, financiers, and pub-
lic officials.  Financiers, whether private or public, must be convinced both that the ideas are 
sound and that there will be a market for the product.  A potential financier must look to the 
two other parties.  As to the inventor’s ideas, there is, as mentioned above, more than one way 
to design a PRT system.  Indeed, in a presentation I am planning10 I list 50 different PRT designs, 
each promoted as the one true way.  No wonder others are confused.   
 
 In 1915 the United States Congress authorized creation of the National Advisory Com-
mittee for Aeronautics (now NASA) with a simple charge:  “. . . direct the scientific study of the 
problems of flight, with a view to their practical solution.”11  There has been no similar mandate 
to study new forms of urban transportation.  The concern in 1915 was that aircraft could have 
military applications.  During World War I we could not let any enemy surpass us.  Fear thus 
drove the development of a superior weapon.  In the civilian sector, there has been no such ur-
gency.  Fear is the fear of loss of a job or an industry.  The astute financier, considering an in-
vestment in a PRT industry is often stayed by this opposition.  He recognizes that while early 
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applications may be restricted to the private sector, the bulk of the market is public – airports, 
medical centers, universities, shopping centers, and eventually cities where public pressure can 
slow down and often delay or stop innovation.  (Note, though, from the appended Chicago Tri-
bune editorial, the opposite effect.)  Without full cooperation of the leaders of a key first appli-
cation, the financier weighs the difficulty of calculating his return on investment.   And those 
leaders responsible for that first entity, now public officials, find it difficult to commit or even to 
write a letter of interest without seeing the system in operation.  For most, it must be done be-
fore it can be done.  With this attitude in 1960 we could never have gone to the Moon.  The 
pioneer spirit seems to have declined.  We have a three-legged stool that must be supported by 
all three parties at one time.  Seeing easier applications for his wealth, the financier has up to 
now gone elsewhere.   Now that the economy has crashed, the situation may change. It may at 
last be essential for public agencies to seek the most economic solutions to their transportation 
problems, even if development is needed.  It may at last become difficult to justify surface-level 
rail systems that can yield in revenues only 10% of their total costs. 
 
 Let us consider the concerns expressed about PRT in comments to the St. Paul Pioneer 
Press following Dr. Andregg’s editorial.  They can be classified as follows: 
 

1. Social and Environmental 
a. Riding individually or in groups. 
b. Graffiti and vandalism. 
c. Too many elevated guideways. 
d. Travel in areas not served by the system. 
e. The need for any form of transit. 

2. Technical 
a. Capacity. 
b. Reliability and safety. 
c. Operation in bad weather. 

3. Economic 
a. Costs. 
b. PRT as a private business. 

 
 I first want to mention that when the Northeastern Illinois Regional Transportation Au-
thority (RTA) proposed in 1990 to consider PRT, there was nothing in any Chicago newspaper 
but the highest praise for their initiative.  As an example I append, as mentioned above, a 1990 
editorial from the Chicago Tribune.  We regard it as a tragedy that the RTA project did not di-
rectly succeed.  Its failure, largely I believe, resulted because the organization that did the de-
tailed work was accustomed to receiving contracts from the federal government where cost 
overruns were routinely accepted.  Moreover, they did not  follow anything close to my “Fif-
teen Rules . . .”   Indirectly, however, the strong endorsement of the second largest transit 
agency in the United States created a great deal of attention to the concept of PRT.  People 
were not discouraged.  A series of technology assessments of PRT in Sweden followed and led 
to the conclusion given above, and the current construction of PRT systems at Heathrow Air-
port in London, in Uppsala, and in the Masdar project in Abu Dhabi likely would not have hap-
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pened without the publicity, markedly aided by the emerging Internet, which followed the RTA 
initiative.  For that we thank the RTA.   
 
 The detailed studies funded by the RTA12 answered all of the concerns expressed in the 
comments to Dr. Andregg’s Editorial.  More recent detail can be found on the above-named 
web page and also on www.prtnz.com.   These web pages have links to many others.  The fol-
lowing remarks relate to a PRT design (mine) that has gone through a process of optimization, 
beginning with full understanding of the requirements and criteria, which could be developed 
only through the long and thorough process described in the above-mentioned video presenta-
tion. 
 
 Riding individually or in groups.  A transit system of any reasonable extent has many sta-
tions.  In studying how to minimize cost, we found that use of very small, very light-weight ve-
hicles minimizes the cost of the guideway, and we found that use of off-line stations and non-
stop trips minimizes the cost of the vehicle fleet.  Consider then a small group travelling togeth-
er by choice and headed nonstop to a specific destination.  It is easy to calculate that if they are 
to wait for an unrelated group headed to the same station, the average wait time increases as 
the square of the number of stations13 and quickly becomes too long to be of interest.  Thus, 
the essential nonstop-trip feature of PRT, which permits use of the smallest vehicles, leads fun-
damentally to the private ride and minimum system cost.   
 
 We have found that the vast majority of people either have no trouble with this concept 
or prefer it, and in fact see it as a major advantage of PRT.  One commentator’s concern was 
that the private ride is snobbery.  Another expressed concern about riding with strangers.    The 
former is not a concern for the vast majority and is a weak argument for conventional systems, 
and the latter does not happen – the ride on PRT is private.  When there are groups larger than 
can fit in one PRT car, they can easily take two or more.  They leave only seconds apart and ar-
rive seconds apart, and the occupants can keep in touch by cell phone.  Teenage children gen-
erally prefer not to ride with Mommy and Daddy anyway.  The easily available alternative for a 
large family that must ride together is still the van or SUV.  To design PRT vehicles to accommo-
date such a large group would be a waste of resources. 
 
 Graffiti and vandalism.  This concern was addressed by police officers in the RTA project.  
An advantage of PRT is that if a potential rider notices that the vehicle has been trashed, that 
vehicle can be rejected for the one behind.   Operations personnel are then informed, roll back 
the memory of a video camera that has been observing station operations, and identify the in-
dividual who trashed the vehicle.  He or she can then be fined just as occurs for other offenses.  
The prankster who presses the reject button for fun is soon apprehended too.  This, the Chicago 
police assured the PRT team, would be sufficient to discourage most of such acts.  The bottom 
line is that while vandalism will occur, because of the ease of apprehension it will occur less of-
ten than in other public situations.   
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 Too many elevated guideways.  The number of elevated guideways used in a PRT system 
is a planner’s decision.  I find a frequent observation of people new to PRT is that because it can 
be deployed in a fine-grained network it must be so deployed.  PRT is a transit system.  It has 
stations or stops just like any other transit system, the placement of which depends on a great 
many factors.  It would, for example, be possible to layout a PRT system with the lines and sta-
tions in exactly the same positions as they would be for a surface-level rail system.  Then one 
could compare cost and performance side-by-side.    Our numbers show that an optimized PRT 
system would cost less than half as much per lane-mile; the ridership would be substantially 
higher because of the nonstop, minimum-wait service; the capacity (discussed below) would be 
adequate; land use would be markedly less; energy use per passenger would be a small fraction 
of that used in the rail system; and the noise and vibration would be much less too.  Lower 
costs and higher ridership give, as shown by an example in the presentation mentioned above, 
much lower cost per trip – less by more than a factor of ten.   
 
 As to capacity, I point out in the paragraph below on capacity that the PRT system will 
carry more than twice the maximum throughput of a surface-level rail system.  Since adding 
stations in a PRT system does not reduce the average speed, as is the case in a system in which 
the vehicles or trains must stop at every station, the planner can place stations say every half 
mile instead of every mile, thus doubling the land area close to stations and hence increasing 
ridership even more.  Because the cost of PRT per lane-mile is about half that of the surface-
level rail system, for the same capital cost twice as many lane miles can be built, thus doubling 
again the service area.  Since ridership increases roughly as the square of the number of possi-
ble destinations, ridership on the PRT system might be increased by as much as 42 or 16.  Fur-
ther increase in the extent of the PRT network could come or not come depending on public 
interest.  Since the combination of lower cost and higher ridership can lead to profitable opera-
tion, it is possible that further expansion of the PRT system would be self-supporting.  All this of 
course must be proven by gradual deployment beginning with pilot projects.          
   
 Travel in areas not served by the system.  One of the comments to Dr. Andregg’s edi-
torial related to how people outside the service area of the PRT system would get to the sys-
tem.  Access methods would be no different than occurs today in accessing a bus or rail system.  
In an energy-short future, it is possible that access could be by small electric cars, but that is no 
different than possible today, and indeed such cars, called “Station Cars,” are one of the ways 
San Franciscans travel to and from BART stations.   I don’t believe that in any but very special 
situations, such as Masdar, will PRT be the only mode of vehicular travel.  In a remarkably suc-
cessful case, PRT may carry up to 30% of the trips, with the other 70% by auto.  This compares 
with 3 to 4 % by transit and 97 to 96% by auto today. 
 

Considering only conventional transit systems, Pucher and Lefėvre conclude their 
excellent book The Urban Transport Crisis in Europe and North America14 with 
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these words: “The future looks bleak both for urban transport and for our cities: 
more traffic jams, more pollution and reduced accessibility.”   

 
 The need for any form of transit.  One of the commentators felt that no transit is 
needed at all and that the country should proceed with nuclear power and coal-fired power 
plants, with environmental concerns shoved aside completely.  In a free country, one can of 
course express such a view, but in a democracy in which we vote for our leaders, a politician 
proposing such a view will be eliminated very early in a political contest.  A relevant question is 
this: If given a chance, would voters vote to give PRT a chance?  The overwhelmingly dominant 
view of people who visited the PRT exhibit at the 2003 Minnesota State Fair indicates that, if 
given a chance, Minnesotans would vote by a very wide margin to investigate PRT. 

 
  Capacity.   On March 27, 1973 Frank Herringer, then Administrator of the Urban Mass 
Transportation Administration, told the U. S. House Transportation Appropriations Subcommit-
tee: “. . . a high-capacity PRT could carry as many passengers as a rapid rail system for about 
one quarter the capital cost.”  A “rapid-rail” system is an exclusive-guideway rail system that 
can, based on safety considerations, accommodate at least three times as many trains per hour 
as a surface-level rail system.  I have duplicated the page from the Congressional Record in 
which Herringer’s statement is made on page 11 of my paper “An Intelligent Transportation 
Network System (ITNS),” which can be found on the above-named web page.  His statement 
was made 36 years ago and was backed up by detailed analysis by his R&D staff.  As everyone 
knows, the technology of control and computation has advanced markedly since 1973.  On 
page 10 of the ITNS paper I give an example calculation showing why optimized or “high-
capacity” PRT will carry substantially more people per hour than a surface-level rail system, 
which can deliver no more than 10 trains per hour past a given point.  The reason high-capacity 
is practical with small vehicles is the same reason freeways are attractive: no stopping on line 
and nonstop trips.  
 
 Reliability and safety.  Detractors to PRT always bring up the Denver baggage-handling 
system15 as a reason PRT will never work.   The problem with that system was that the engi-
neers with companies who made baggage-handling systems had never built any system even 
one tenth as large as that specified by the Denver Airport planners and recommended that it 
would take at least four years to get such a system ready.  The Denver Airport managers in-
sisted that it had to be completed in one year and were willing to give the company that even-
tually took the contract such a large sum of money that its management decided to proceed 
over the protests of its engineers.  The result was disaster.   This was a management disaster, 
not a technical disaster and is one of many examples of failures that have occurred over the 
years due to the tension between business management and engineering, the managers always 
striving, as they were taught in business school, to do things quicker to increase profits.  In the 
end, in many of these cases, which are well known to students of Engineering Ethics16, haste 
reduced the profits to less than zero.  There is no question that a PRT-development project can 
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be botched.  To succeed, the systems engineering must be sound and sufficient time must be 
budgeted for the necessary testing.  The views of experienced engineers cannot be shoved 
aside.  
 
 Today, computers routinely land airplanes on aircraft-carrier decks.  Our computers re-
spond to and correct speed and position two hundred times per second.  The instruments we 
use today to measure position and speed are much more accurate than we need.  Wayside zone 
controllers monitor the motion of each vehicle at least 10 times each second.  Code has been 
developed to control any number of vehicles in networks of any size or configuration.17   Our 
vehicle has very few moving parts. The switch has no moving parts in the guideway.  Our motors 
have no moving parts.  Our motors, motor controllers, sensors, and power-supply systems are 
redundant, meaning that a single failure is not noticed by the riders.  Our computers are dual 
redundant, which means that each of the on-board and wayside “computers” is really four com-
puters.  They operate in pairs and compare outputs 20 times each second.  If one computer 
aboard a vehicle fails, the vehicle continues to its destination on the good computers, drops off 
its passengers, and then proceeds empty to the maintenance shop, all within a few minutes.  If, 
even with all of this redundancy, which is remarkably inexpensive today, a vehicle should stop 
on the guideway away from a station, the vehicle behind will soft engage and push it to the next 
station.  To appreciate the remarkably long mean time between failures that will be experienced 
by the riders, the reader is invited read my paper “Failure Modes and Effects,” which can be 
found on www.prtnz.com. 
 
 Today, at any one time, there are as many as 80,000 aircraft operating in the skies over 
the United States.  They operate most of the time under automatic control with air traffic con-
trollers at the various airports keeping track of dozens of aircraft by using computers to track 
each aircraft.  This is a more sophisticated operation by far than needed with PRT and goes on 
every day in a system in which a failure means loss of an aircraft and all of its passengers.  The 
bottom line is that the control of PRT vehicles safely and reliably is well within the current state 
of the art. 
 
 Operation in bad weather.  Our PRT system is designed to operate in any kind of weath-
er and in winds up to 70 mph.  When the wind speed is higher, the system is shut down.  Details 
can be found in the papers on the above-named web page.  Movies can be found on the web 
showing linear-motor-propelled PRT vehicles operating in deep snow while nothing else in the 
city moves. 
 
 Economics.     Our principle objective in developing PRT is to achieve a system that can 
pay all of its costs – capital and operating – out of revenues from passengers, freight, and ad-
vertising.  This will lead to PRT companies operating as private businesses as was the case with 
streetcars in their early years when the competition was a horse cart on a mud road.  Achieving 
the needed degree of sophistication has required the best of modern systems engineering. 
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So, let us boldly go where no oƴŜ Ƙŀǎ ƎƻƴŜ ōŜŦƻǊŜΦ  LǎƴΩǘ ǘƘŀǘ ǘƘŜ !ƳŜǊƛŎŀƴ ǎǇƛǊƛǘΚ 

 
“THE AMERICAN PUBLIC UNDERSTANDS THAT INNOVATION IN SCIENCE AND TECHNOLOGY 
IS THE best guarantor of our economic future.”  Science, 20 February 2009, page 983. 


