
Questions and Answers following a presentation on High-Capacity Personal Rapid Transit to an audience of about 60 persons at a meeting sponsored by The Institute of Theological and Interdisciplinary Studies held at Macalester College, St. Paul, Minnesota, March 23, 2007.

1. What is the patent situation?

Answer:  My patents on PRT have expired, which means that all of the ideas therein described are in the public domain.

2. How much per mile for PRT vs. highways?

Answer:  With two stations per mile and 50 vehicles per mile, I estimate that my PRT system will cost between $12M and $15M per mile.  I have not checked recently on highway costs, but they are mainly determined by land costs, which vary widely.

3. If people in Minneapolis and St. Paul wanted PRT how could or should they start, in a suburb or in the central city?

Answer:  I would recommend beginning in a suburb.

4. What is the Cardif-Wales programs?

Answer:  This is the PRT program initiated at Bristol University.  See www.atsltd.co.uk.

5. Why hasn’t the University of Minnesota adopted PRT?

Answer:  From my indirect observations I guess that the University planners were reached by the LRT lobby.  About 10 years ago, I was invited to the Department of Transportation and Parking to discuss PRT on the campus.  We met over a 14-month period with deans, department heads, faculty and staff.  Suddenly interest terminated.  It happened to be the same year the LRT folks were going to the Legislature for $100 million for the Hiawatha rail line and I was aware that they had learned of the interest in PRT at the University.

6. What are the anxiety issues and how does that relate to safety?

Answer:  We separate issues of personal security from issues of physical safety.  Anxiety or personal insecurity result from waiting for extended periods in the early or late hours in an empty station, or the anxiety about the potential of being assaulted in an altercation aboard a transit vehicle.  In the past few weeks the local paper has reported two cases of murders aboard a bus.  Much anxiety has resulted.

7. What would be the fare structure compared with buses?

Answer:  Based on the data I presented, with the fares charged by the current transit system ($2 in rush periods, $1.50 in off-peak periods, and $0.50 to people with disabilities) a PRT system would turn a nice profit on all costs.

8. How have we tested the software?

Answer:  We test our software by making many hundreds of runs under different conditions with a headway checker constantly checking for headway violations.  

9. What would be the environmental issues in Dubai?

Answer:  Very high ambient temperatures and blowing sand.

10. In an automated highway could a driver apply the brakes?

Answer:  The system must be designed so that when the automatic system is operating the manual brakes are inoperative.

11. How quiet are the vehicles?

Answer:  The cars run on smooth tires on a smooth surface.  Thus the noise will be much less than the noise of automobiles with the engines off and the transmission in neutral.  In the Cabintaxi test track in Germany, we were warned not to turn our backs to the vehicles because one could not hear them coming.

12. What are the tradeoffs between hanging and supported vehicles?

Answer:  I have analyzed ten factors that must be considered, which led me to adopt top-mounted vehicles.  One person commented that people generally feel more comfortable riding on top of a guideway rather than underneath.   This was also found to be true at the Cabintaxi test site.   My attention was diverted before I could answer further; however, you can find my answers to the ten factors by going to http://gettherefast.org.  Click on “Library” and then on the last of the items under “Conceptual.”

13. How does PRT deal with weather problems?

Answer:  This depends a great deal on which PRT system one is considering.  In my design, I need a slot in the top of the guideway only 4 inches wide and in the bottom 6 inches wide, hence not much snow and ice can enter.  One of my many student groups studied this question in great detail.  They designed and tested a plow that will throw any residual material off the pair of running surfaces and down the slot in between.   In most circumstances moving vehicles will clear the running surfaces.

14.  What do you do in the event of a power outage?

Answer:  The system must always have a back-up power source that will switch on in less than a few seconds.  There are many types.

15. How do we deal with squirrels, birds, raccoons, etc.?

Answer:  Small creatures could nest in the bottom corners of my covered guideway without bothering anything.  But, the plan is to build a maintenance vehicle equipped with a light, a television camera, and a high-pressure hose.  It will be operated from time to time late at night to inspect the guideway interior to remove debris.

16. How does PRT relate to property development?

Answer:  This question was about the comparison between PRT and LRT to property developers.  Would the fewer, larger stations of LRT be more attractive than the many, smaller stations of a PRT system?  Good question.  I am not privy to the information needed to give a fully informed response.  It is logical, however, that a system capable of attracting many more riders will be attractive to a developer, but the many more stations of PRT will reduce exclusivity.  The much smaller use of land by PRT gives the developer more flexibility.

17. What about longer distance travel on PRT?

Answer:  From the beginning of my work on PRT I have recognized that, when the advantages of the lower cost of PRT because of its very small vehicles and the potential of placing stations at every village along an alignment without reducing the average speed become apparent, a version of PRT will become very attractive for inter-city operation.  I have calculated that my guideway will be usable for speeds up to at least 100 mph, which, with nonstop trips, will cover many applications.  For higher speeds, the necessarily more powerful motors will require different vehicles, but the PRT idea will be superior by a large margin to large trains because stations are economic generators and the guideway is the economic drag.  The increased number of stations possible when they are offline and each trip is nonstop and a much less expensive guideway will increase ridership and reduce costs, both by large margins.

18. How fast can PRT go?

Answer:  Speed is an economic matter.  Higher speed is more expensive, likely as the square of speed.  Higher speed is better up to the point where the cost per passenger-mile as speed is increased no longer decreases, i.e., there is a bathtub curve of cost per passenger-mile vs. speed.    My guideway is capable of higher speeds than are likely to be economically justifiable.

19. What if you have to take care of urgent personal business not possible aboard a small vehicle?

Answer:  There will always be a stop button that will cause the vehicle to stop at the next station.  You will be able to stop, take care of your business, and then continue your trip in another vehicle with no extra charge.

20. How long does it take to build PRT?

Answer: All of the components except the foundations will be built in factories and then delivered to the site.  With modern boring machines and concrete-pouring machines, placing a foundation every 90 feet will go very quickly.  Just how quickly depends on  time-motion studies that have not yet been done, but the process will be far quicker than that of installing a rail line.

21. Does the guideway have power and communication in it?

Answer:  My guideway will have power rails and a leaky cable for communications inside.

22. How does the switch work?

Answer:  One of my slides shows how the switch works.  The switch consists of a pair of arms with wheels on the ends that engage rails in the merge and diverge sections of the guideway.  The arms are rotated by means of rotary solenoids.  The patents on this switch have expired, which means that this switch is in the public domain.

23. What is the cost of rail maintenance vs. roads?

Answer:  I assumed the questioner referred to maintenance of PRT rails.  The PRT rails are designed to require no maintenance except for the occasional operation of the maintenance vehicle discussed in question 15.  While the cost from rough calculations seems to be very low, operation on our forthcoming test facility is needed to obtain good numbers.

24. What does a station look like and how frequently would stations be placed?

Answer:  In an appendix to my paper “Optimization of Transit Systems Characteristics” I derive a simple formula that shows that once a guideway is in place, if the cost per trip by adding a station is to decrease, the increase in ridership as a result of adding the station need only be a small fraction of the average ridership attracted to each of the other stations.  Physically, stations could be placed five to six per mile if that makes economic sense.  Station design will vary widely with the architect doing the designing.   Stations would generally be elevated, but they could be at grade or in or attached to buildings.

25. What is the cost of building a station?

Answer:  I have seen numbers ranging from about one quarter to three quarters of a million US dollars.

26. What about transport to the stations?

Answer:  The last quarter or half mile could be accomplished by walking, bicycling, by means of rentable small electric cars, or by ordinary autos.  In a well-designed PRT system, stations would be placed as close as practical to high-density facilities.

27. What can citizens do to help?

Answer:  In Minnesota, as well as in other states, the State Legislature is the body that can authorize new elements into a community.  Lobby them as much as possible, but lobbying must be credible.  Sometimes unprepared but enthusiastic individuals do more harm than good.  You must be very well prepared.

28. Would it help to get the ear of the governor?

Answer:   It has been reported to me that the current Governor of Minnesota has explained the operation of PRT to visitors.  It will take more than that.  Considering Minnesota, it likely will take some other locality to demonstrate PRT first, which means that a profitable new business will go elsewhere.  Leaders are very conservative here.  Action is now happening overseas.  As an example, a few years ago Minnesota “leaders” held a conference to discuss new businesses that could be brought to the State.  All they talked about was new industries that had already been spawned elsewhere.  They are followers, not leaders.

29. In what way is the Hiawatha line called a success?

Answer:  Promoters are quick to claim success of the Hiawatha line because it carries people successfully between its 17 stations.  But economically, the subsidy of $8.63 per trip that I calculated in the Appendix using Metro Transit data shows that the line is not economical.  Is it energy efficient?  I found that it is about as efficient per passenger carried as an auto system getting no more than about 15 miles per gallon.  Its construction is both expensive and energy intensive.   Unfortunately, Metro Transit does not give figures on energy use either for construction or for operation.  One must deduce data from other sources.  By calling the system “light” rail many people have been led to believe that that means that it is inexpensive and energy efficient.  The “light” rail cars weigh 109,000 lb each whereas heavy rail cars, such as used in the rail systems in Chicago and New York, weigh typically 60,000 lb.  This illustrates the power of “spin.”  Call something by a good name often enough gets people to believe in it unquestioningly.   These systems formerly were called “streetcars,” but that name has no magic.  I congratulate the promoters for this brilliant marketing technique.  It is the same technique that got women to start smoking in the 1920s.

30. Why can people ride on the Hiawatha line free?

Answer:  Because of the expense of fare collection aboard the vehicles, a potential rider purchases a ticket at wayside and occasionally an inspector on-board the vehicle asks for the receipt.  But the operator must pay these inspectors and that adds to the operating cost while there is much pressure to minimize operating costs, which will be paid for out of local taxes.   One can board a vehicle without paying, i.e. it runs on the honor system.  Apparently many riders have never been asked to show the ticket, so some people, perhaps many people, take the chance and board without paying.  Also, according the Metro Transit web site, no fare is charged for trips between the two terminals at the airport.  Even with the fares listed in Question 7, by dividing the annual revenue collected by the annual number of riders, one calculates 99 cents per trip, which implies a great many free rides.

31. Why can’t we get interest in Minnesota?

Answer:  It has become clear to me that the LRT lobby has Minnesota quite locked out of considering anything but LRT.  How they do it I can only guess, but I am aware that they have many paid lobbyists working the Legislature using public money to lobby for private interests.  On March 26, 1974 the Minnesota Senate passed an Act (S. F. No. 2703, Chapter No. 573) “directing the metropolitan transit commission to plan an automated small vehicle fixed guideway system, . . .”  This unfortunately put the fox in charge of the chicken coop.  The MTC, which no longer exists, had strongly lobbied against this Act and contracted with a firm also opposed to new systems.  Notwithstanding strong objections they used the large guideway and large cost of the Morgantown people mover as representative of PRT, which resulted in costs and visual impact far too high, which resulted in abandoning interest in PRT.  Since the vast majority of people have no interest in transit issues, light-rail proponents became dominant on the Metropolitan Council.  They were able to continue to use this bogus data to misrepresent PRT, which enabled them to keep PRT out of the picture.  Over two decades ago the circumstantial evidence was strong that two staff members were fired for trying to compare light rail with the PRT system we were developing at the University of Minnesota.  No staff member aware of that will dare to venture a favorable opinion about PRT.          

32. Talk about the Chicago project.

Answer:  In May 1989, together with a Raytheon company manager, I met the Chairman of the Northeastern Illinois Regional Transportation Authority (RTA).  By the end of a luncheon he was determined to investigate PRT.  After several months of technical and political investigations, he ordered his staff to prepare a request for proposals for a pair of $1.5 million design studies.   Twelve proposals were submitted.  One of them was the work of my company with Stone & Webster Engineering Company as prime contractor.  (It was later clear that it was a mistake to put a company with no experience in PRT at the lead with the company that knew PRT as the subcontractor, but that is the way the RTA wanted it.)  We won one of the two PRT design studies.  When it was finished in spring 1992 S&W was unfortunately in no position financially to put up the $20 million requested by the RTA as their match to proceed with Phase II, the test program.  In the last moment, Raytheon Company decided to join my colleagues and me to bid for Phase II.  In June 1993 Raytheon was selected over the competing company.  The Raytheon Phase II program began in October 1993.  Within a few months it was clear that they had set aside all of the prior work of my group and were going to use engineers with no experience in PRT planning or design to design a PRT system in one year.  One of the mangers even said to me point blank: “We can do it better than you can.”  They proceeded to double the width and depth of the guideway, quadruple the weight of the vehicles, and more than triple the system cost.  By 1998 the RTA, for cost reasons, abandoned the project and a year later Raytheon under a new CEO abandoned the PRT field after spending about $65 million.  The one positive result of the RTA project is that, because of its prestige as the second largest transit authority in the United States, many groups begin seriously thinking about PRT and deciding that they could do better.  The result now, after a decade, is a great deal of activity on PRT in many countries.

33. What is more important, local or federal support?

Answer:  In the early 1980s, the U.S. federal government changed its policy to say that they would do what cities want.  They didn’t make it easy for a city to opt for anything but conventional transit, but in three cases I am aware of where there was strong local leadership local funds were obtained for studies of PRT.  In a fourth case, the Chicago RTA determined early in their PRT program that they wanted no part of federal funding.  So the essential factor is the support of the local political leadership.  If they choose to do so they can get federal funds for PRT projects, but they need to undergo a serious learning experience to understand all they need to know about PRT.  Generally, by clever use of ridicule, they are prevented from doing that.  

34. In the beginning how did engineers start thinking about PRT?

Answer:  I personally have become acquainted with seven persons, all Americans and all male, who independently discovered (I say that deliberately instead of “invented”) the PRT concept.   I couldn’t enter into their minds to determine how they did it, but all of them were thinking hard about a better way to move people in cities.  Hard thought followed by relaxation often leads to ideas popping into the brain in the middle of the night.  This is a very common phenomenon, I know from experience.  

35. What is the means of locating the stations?

Answer:  Professor Jerry Schneider developed a process for locating stations.  It can be found on his web page http://faculty.washington.edu/jbs/itrans/.   Most planners I have worked with locate stations by examining a map, noting the points of concentration and from a straightforward process locate lines and stations.  From the results of detailed simulations, sometimes those station and line locations are modified.

36. Do we fumigate the cars after each trip?

Answer:  No, but the plan is to run each car through a cleaning process once a day.   If a vehicle has been trashed in any way it can be rejected, whereupon it is directed immediately to a maintenance facility.

For more information, see the paper “High-Capacity PRT,” which can be found on www.advancedtransit.org.   See also http://kinetic.seattle.wa.us/PRT.

J. E. Anderson, March 25, 2007

Appendix

Costs and Ridership on the Hiawatha Avenue Rail Line

The data used here were taken from www.metrotransit.org on 18 March 2007.

System cost in $M:  

	Federal Grant
	$334.3

	State of Minnesota
	100.0

	Metropolitan Airports Commission
	87.0

	Hennepin County
	84.2

	Congestion Mitigation Grant
	49.8

	Transit Capital Grant
	39.9

	Minnesota Dept. of Transportation
	20.1

	TOTAL
	$715.3


Annual Operating Cost:
$19,850,000

Annual Fares Collected:
  $7,200,000

Percentage of operating cost covered by fares:
37.3%

Ridership:

June 26, 2004 through December 2005 – 18 months:  10,900,000 rides

Rides per year: (12/18)(10,900,000) = 7,267,000

Average Rides per day: 19,910

Based on http://www.whitehouse.gov/omb/circulars/a094/a094.html#5, the appropriate discount rate is 7%. Therefore 


Annualized capital cost = 0.07($715.3M) = $50.07M

Total cost per trip:  ($50,070,000 + $19,850,000)/7,267,000 = $9.62

Average fare = $7,200,000/7,267,000 = $0.99

The rush period standard fare is $2.00 and at other times $1.50.  The fare for mobility impaired people is $0.50, and there is no fare between the two airport terminals. 

Subsidy per trip = $9.62 - $0.99 = 

Vehicle weight:
109,000 lb

Vehicle capacity: 66 seated + 120 standees = 186 people

Vehicle weight per unit of capacity = 109,000 lb/186 = 586 lb

Service frequency:

	
	Weekday Schedule    Frequency, min

	6 am – 9 am
	7.5

	9 am – 3 pm
	10

	3 pm – 6:30 pm
	7.5

	6:30 pm – 9 pm
	15

	9 pm – 1 am
	30

	1 am – 4 am
	No service

	4 am – 6 am
	30


Number of vehicles = 24

Total round-trip line length = 24 mi

Distance between trains = Average speed, mph x Schedule Frequency, hr




= line length / number of vehicles = 24 mi/24 vehicles = 1 mile per vehicle

Peak-period average speed = 1 mile per vehicle / (7.5 min/60 min/hour) = 8 mph

Maximum Throughput = Capacity per vehicle/Time per vehicle = 





2(186)/(7.5/60) = 2976 people per hour

The average peak-period throughput is likely no more than half this number, which is well under the maximum throughput of a single freeway lane. 

J. E. Anderson, 19 March 2007

$8.63











1

