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Executive Summary

How can we implement the JPOD transportation system at West Point in such a way that is aesthetically pleasing while also energy efficient, passenger friendly, and support the Net Zero Initiative?

The methodology used to analyze and find a solution to this problem is based on the Systems Decision Process. This process involves uncovering critical systems thinking concepts (boundaries, inputs, outputs, spatial arrangement, process structure, and complex interactions) and applying a holistic, logically structured sequence of cognitive analysis that supports system design, analysis, and decision making to maximize the value delivered by a system to its stakeholders for the resources.


In this specific case, the design of the JPOD system with respect to the Net Zero initiative and its implementation at West Point will be given a problem definition based on research, stakeholder analysis, and value modeling. This information will be used to create a solution design which is then also put through a decision making process that narrows down the field of alternatives to a few that are a “best fit” to the stakeholder’s values and needs. The finished product is a JPOD system that is implemented at West Point and best satisfies the stakeholders and clients involved.

We started our screening process with six alternatives and were able to eliminate two, leaving us with four candidate solutions. Our final recommendation from these four is “All Out”. This solution had the most value, but also cost the most. Compared to the other alternatives, it had much more value that made the cost difference worth the decision to choose it over the others. The nearest competitor had a slightly lower cost but for much less value. “All Out” was the most comprehensive solution as well: it had the most stops and had the most direct routes to various stops.

For further research we would be interested to know the savings people who use the system experience. We are assuming as people use the system they are not using their cars as much, thus using less gas and spending less money. We would like to look at how much money per month people are adding to their disposable income. Another area for future research would be in a replacement system for JPOD. JPOD would be replacing the current system in place, the bus service. JPOD will not be in use indefinitely, so we are wondering how easy it would be to replace this system. For buses, it is pretty easy: take them off the road. For JPOD, however, there is a whole rail system that would need to be taken down and disposed of. This is one area we would like to look at for the future.
1. Introduction
The purpose of this report is to explain the reasons why West Point is implementing the JPODs system, the different alternatives available, and our group’s recommendation.  
The report will provide background information on the energy-saving efforts of the Department of Defense, the U.S. Army, and West Point, and how the JPOD system furthers these efforts.  Characteristics and components of the JPOD system will be described, as well as identify key stakeholders.  Our group will make a recommendation for the JPOD system and explain the technical approach behind formulating the recommendation.  We will describe the system goals and subsequent supporting objectives, define the models used to measure the effectiveness of our alternatives, list our assumptions, and describe our generated alternatives.  We will also explain our analysis of each of the alternatives and their sensitivity.  Finally, we will explain the work that is necessary in implementing our recommendation and propose a plan that accounts for cost and resources.
2. Background
2.1. Description of the current situation

The Net Zero Strategy is the United States Army’s vision for environmental stewardship, resource management, and sustainability.  This is a force multiplier that enables the Army to manage costs and resources while providing Soldiers, families, and civilians with a sustainable future.  Also, in a time of persistent conflict and a threat of war over resources, appropriate resource management is imperative to our national security and the future of our country.  The Army’s sustainability efforts through the Net Zero Strategy will ensure that the organization will have the resources to maximize operational capability, preserve welfare, and accomplish what the country asks of its armed forces (“Army Vision For Net Zero”).  

A Net Zero Energy Installation (NZEI) will produce as much renewable energy as it uses within a year.  NZEIs must first implement conservation and energy-efficiency measures while identifying other areas for cutting back on energy consumption.  The next step is to utilize or re-purpose waste energy with sources like the exhaust from boiler stacks and buildings.  Finally, implementing clean energy sources like solar power will lessen the installation’s overall environmental footprint (“Army Vision For Net Zero”).

Covering more specific functional qualities of the JPOD, an interview with the President of JPOD Inc., Bill James, reveals how specific technical characteristics enable it to save energy while still being an effective alternative to vehicle transportation. “Suspending the vehicles increases stability, so that the weight of the vehicle can be reduced by half. Hanging from a beam also allows the pods to be powered by solar panels overhead. The design of this lightweight system can be tailored to the aesthetics of its community (Jeffrey)”  Perhaps the most important characteristic of the JPOD and other PRT (Personal Rapid Transit) is the radical shift it takes in changing its characteristics from tradition forms of mass transit. As described in the Online Investment Journal, Seeking Alpha, “PRT is a shift from moving a ton to most a person in congested, repetitive travel, towards moving just the person in ultra-light pod cars at 100 to 200 watt-hours per mile. (SeekingAlpha)” Also, “solar-collectors, 6-foot wide mounted over the top of the rails can gather 12,000 vehicle-miles of power per day per mile of rail. (SeekingAlpha)” The JPOD website also provides good information on the basic functions and characteristics of the system. Useful information like the seating capacity (1-4 people) and whether or not the system can travel up hill (yes, they can climb grades of 3% without reducing speed (FAQS)) would also help to contribute to the discussion of how these can be added to West Point’s infrastructure and environment. 

Looking at the environmental benefits from JPOD, the fact that JPOD are solar powered means there will be less fuel consumption and thus less pollution resulting from that usage. From the JPOD website, it is stated that the system can achieve 183 miles per gallon in city traffic (JPOD- Solar) which can be achieved they say because the system operates on a one stop principle, whereas automobiles make multiple stops during the same trip. In addition, the JPOD system will utilize less land to operate. And there are many economic gains to be had. As mentioned, JPOD uses very little fuel as compared to the current popular medium of transportation: personal cars. JPOD usage by average working families that use this medium could potentially save them $2000 over three to six years in transportation costs to include fuel, maintenance, insurance, and other similar costs (JPOD- Cost Savings).

The JPOD system will help to alleviate the current transportation problems at West Point.  Many of the key areas on post – the PX, commissary, motor pool, Camp Buckner, etc. – are far away and not easily accessible.  There are also too many cars on the road, which cause a host of problems including traffic, congestion, wasting land, and pollution.  The bus system is slow and inefficient, causing much frustration for cadets, faculty, staff, and civilians.  The JPOD system is an environmentally-friendly way to address transportation problems at West Point.  

2.2. Stakeholders and their needs

The most obvious stakeholders in implementing JPOD on West Point would be those using the system. COL Lachance is the primary stakeholder in the sense that he is in charge of West Point’s role in the Army Net Zero Initiative. COL Lachance will be primarily responsible in making a recommendation to the Superintendent, thus is the primary stakeholder. COL Lachance is a “client stakeholder” as well as the “decision authority”. Cadets, as well as, staff, faculty, and all the families of those living on post are considered “consumer stakeholders”. In addition to these daily users there are visitors, who come for a myriad of reasons: football games, class events, tourism, graduation, etc. The Cadets, staff, and other daily users will most likely be more concerned about getting to and from such places as the Post Exchange, the cadet lots, the front gates, housing areas, and the hospital. Those who come only on certain occasions will be more concerned strictly with the cadet area (for the C-store and mess hall primarily), the football stadium, and getting to where they park their cars. Both groups are primarily concerned about the time spent waiting for the train to arrive, how long it actually takes to get to their destination, and how much walking they have to do once they dismount the train. In addition, there are smaller extenuating considerations: smoothness of the ride, cleanliness of the train, and comfort during the ride. From surveys sent to cadets and staff and faculty members, these seemed to be the main concerns with public transportation. The cadet survey was sent to roughly 400 cadets with 100 responding. The instructor survey was sent to approximately 30 instructors and TACs and yielded about 15 responses. The questions asked in the surveys were pretty similar and asked questions trying to figure out if people would use a new public transportation system if it is better than the current bus service.

In addition to these primary stakeholders are some secondary stakeholders. The Department of Transportation at West Point, with Mr. Rasmussen as its director, would certainly be a “user stakeholder” in this decision to implement JPOD because this decision would mean a vast restructuring of their current work force. This decision would require new jobs and assigned as old jobs are deleted, such as bus drivers. Training will have to be conducted to get workers up to speed on the new requirements for the new system. Mr. Rasmussen and the transportation department would certainly like to have a say in what will be decided. Another secondary stakeholder would be the State Historical Preservation Society (SHPO). Mr. Tesik, who works in the New York branch office, said the organizations main concerns would be twofold: preserving aesthetics and minimizing the environmental impact. The first issue is the main one. SHPO wants to ensure that the look of West Point is as consistent as possible. Meaning if a new JPOD system is put in place they would not want to see a big yellow or orange sky train floating around West Point, but rather ensure the materials and colors used would keep with existing infrastructure designs. Secondly, SHPO’s primary concern is about the impact the system would have on the environment, like how much forest is cut down if any, and if any wildlife would be endangered by the system. SHPO wants to help ensure the environment is disrupted as little as possible.
2.3. Component, Function, Hierarchy, and State Descriptions 
The function of the JPOD system at West Point is to provide an energy-efficient and environmentally-friendly mode of transportation.  The JPOD system will exist within the metasystem of the West Point transportation network.  Other systems in this metasystem include the current bus system and the countless POVs that people use to get around West Point.  These systems are lateral systems, which mean that they have the same hierarchy but different function.  The subsystems for the JPOD system include the routes for the system and the stations within the routes.  These are multilateral systems, which mean that they have the same hierarchy and the same function.  The classification for the system is a physical, non-living, man-made system.  The visibility is a grey box; for the average user, some parts of the system (routes and stations) are easily understandable, while others (the computer system that controls the pods) are not. See Appendix D for the value hierarchy.
2.4. Desired Outputs of the System


The desired outputs of a successfully implemented JPOD system are faster travel times, more efficient transportation, satisfied users, and minimal environmental effects.

2.5. Scope and Bound of the System

The inputs from the external environment for the JPOD system are time, planning, labor, usage, budget, and solar energy.  The components of the system are the JPOD cars, rails, routes, stations, the computer system, and users.  The output into the environment is the JPOD system.  The internal feedback comes from the Corps of Cadets, USMA faculty and staff, the West Point Garrison Community, and data from the computer system.  The external feedback comes from visitors, the Association of Graduates, the Army/Department of Defense, and environmental groups. See Appendix E for a graphical representation of the spatial arrangement and system boundary.
2.6. The True Underlying Need

The true underlying need of this system is to provide clean, efficient, fast, and user-friendly transportation to the Corps of Cadets and related staff and faculty that live and work on post. The old transportation system needs improvements that are in-line with the Army’s Net Zero Initiative and will serve as an example to the rest of the Army that solutions to transportation on Army posts can be found through a system like JPOD.
3. Recommendation

Our final recommendation is the solution “All Out”. We make this decision because it provides the most value out of the candidate solutions. It has an overall value of 88 while the next closest choice, “Mid Level”, has a value of 39. It costs slightly less but achieves much less value. “All Out” achieves the client’s needs by having stops in multiple places encompassing the cadet area, housing areas, and tourist destinations. It is the most comprehensive system in terms of route directness and number of stops. Appendices B and C outline our decision process a little more, showing our stacked bar chart and cost versus value model, respectively.
4. Method/Technical Approach 
4.1. System Goals and Subsequent Supporting Objectives
The purpose of the JPOD system is to systematically deliver West Point civilians, cadets, visitors, and supplies to their objective in the timeliest and direct route possible.  JPOD as a means of transportation was selected due to its convenience and simplicity of interface as well as environmental friendliness.  Given that West Point is an extremely energy inefficient campus one of the primary objectives of our system is to decrease negative environment effects.  Our group is also concerned with the ascetics of the JPOD system.  In order to build this transportation infrastructure the design must be screened by numerous organizations both this side of the river and Garrisons organizations.  
4.2. Definition of Criteria 

Energy efficiency is defined in the Net Zero Initiative given to us by COL Lachance, our primary client.  In this initiative, energy efficiency is defined simply as creating just as much or more energy than the energy used.  Essentially, West Point is attempting to become self reliant.  This system will be ascetically pleasing when given approval from the Association of Graduates, Garrison community across the river, and any other organizations.
4.3. Modeling Assumptions
We assume that the life cycle of JPOD at West Point is 30 years. We base this on the University of West Virginia’s Morgantown system, which has been in operation for roughly 30 years and is still going. The simulation program Hermes, provided by President of JPOD Bill James, has also made several assumptions for us. We assume, through what the program says, that each car holds four people. We also assume based on Hermes that we have unlimited access to pod cars. The system assigns pod cars based on the number of stations, so we could not control the number of cars beyond manipulating the number of stations, something we did not want to do. The biggest assumption made by Hermes was that the JPOD system would be running 24/7. Meaning, we did not have a say in how many hours a day the system would be used, and how heavy it would be used in that time. The simulation ran at an extremely high rate of usage and at a constant rate.
4.4. Alternatives
We have been able to generate six alternatives based upon COL Lachance’s feedback for his needs and desires. We started with our bare minimum alternative, which incorporated strictly those places that our client had thought would be good: Grant turnaround (instructor/faculty drop off), the cadet lots, Stony housing area, and Thayer gate. This is our “Bare min” alternative. We then created a “Bare min plus” alternative which had the same stops but we added COL Lachance’s desires to the model, which was to make a loop through Stony housing area, which caused us to add an additional three stops, as well as a stop in Highland Falls.


From here we created our “Mid level” alternative. This alternative had most of the “bare min” stops- minus the cadet lot stop- but added several others. We made stops at these locations: the Post Exchange (PX); football stadium; library corner; Thayer statue corner; vicinity of Gillis Field House; end of Merritt Road just before the housing areas; top of Lee Road; hospital; and vicinity of Washington gate. We added these stops because we saw these as high traffic areas that would be of interest to our stakeholders. We also created a “mid level plus” alternative which had all the same stops as our “mid level” alternative but had these additions: the MP station; the post office at Buffalo Soldier; an extra stop at the football stadium; the book issue office; the Jewish Chapel; and an extra stop along Merritt Road as it extends into the housing area. What both of our “mid level” alternatives had in common with both of our “bare min” alternatives was that none of these four models ever left the roads. The rail systems in each alternative thus far have not deviated from existing transportation infrastructure.


We created a “cross country” alternative. This alternative had four notable cross country connections at the following: from Buffalo Soldier field west to Heath Loop in the Stony housing area; from the cadet lot west to Stony Lonesome road; from Washington road north and downhill to the athletic fields around Gillis; and from Washington road south and uphill to the Merritt housing area. This alternative incorporated the following stops: Buffalo Soldier field; Heath loop in Stony housing; PX; base of Stony housing area; north end of upper cadet parking lot; two stops at Michie Stadium; Grant Turnaround; Thayer statue corner; vicinity of Gillis Field House; a central stop for Merritt road housing; top of Lee road; hospital; and vicinity of Washington gate. For the most part this alternative closely resembles the “mid level” alternatives except for the fact it goes cross country in several locations, making traveling a little more convenient from some locations to others. This was done in the hopes of minimizing travel time even more and hopefully decreasing overall pod traffic flow, which could potentially lessen wait times at some stops.

Lastly, we created an alternative called “all out”, which is just that. This alternative also has four cross country routes and additional stops. For stops, there are the following: Buffalo Soldier field; Highland Falls; Heath loop in Stony housing; four additional stops inside of and at the entrance to Stony housing; the PX; Grant Turnaround; library corner; Thayer statue corner; three stops at Michie; book issue building; two stops at the Gillis athletic fields; three stops in the Merritt road housing area; two stops inside Lee housing; hospital; and vicinity of Washington gate. There are overland routes that connect from: Buffalo Soldier to Heath loop in Stony housing; from Washington road north and downhill to book issue; from Stony Lonesome road by the Lichtenburg tennis center northwest to the Merritt road housing area; and from this same stop in Merritt northwest and slightly downhill to Washington road by the cemetery. What this alternative attempts to do is connect as many places as possible. In some of the previous models, going from one point to another took much longer when the rail was limited only to the roads. So this alternative attempts to connect two geographically close points by just cutting through the woods, thereby sharply decreasing travel time. “All out” does a good job of making the JPOD rail system as much of a circuit as possible rather than a series of connected lines. See Appendix A for a picture representation of these alternatives.
5. Analysis

5.1. Results of each alternative’s performance


Ultimately, our goal with the JPOD system is to move people around to their destination in a timely, efficient manner. Using the program “Hermes”- as provided by Bill James, President of JPOD- we were able to simulate how many trips were made by each alternative and therefore how many people were moved in each trip. Each simulation ran for two hours and used pods that could hold up to four people. The Bare Minimum option moved 1,898 cars while Bare Minimum Plus moved 2,592. Mid Level and Mid Level Plus moved 4,300 and 5,735, respectively. Cross Country moved 4,831 cars and All Out moved 7,500 cars. The wait time at each station was pretty close across the alternatives. The average wait time at all stations for Bare Minimum was 30 seconds, 22 seconds for Bare Minimum Plus, 23 seconds for Mid Level, 26 seconds for Mid Level Plus, 23 seconds for Cross Country, and 21 seconds for All Out. So while each alternative gradually moved more cars, there is no correlation between number of cars moved and the wait time in each alternative. The number of stations may have had an effect on the number of cars moved. Looking at Bare Minimum, there are 10 stations. Bare Minimum Plus has 14, Mid Level has 25, Mid Level Plus has 34, Cross Country has 28, and All Out has 41. Appendix F outlines in more detail the result of the screening criteria.
5.2. Summary of results of the analysis

There is a correlation between number of stations and number of cars moved: it seems as the number of stations increases the number of cars moved does as well. The alternatives are listed in order from least stations to most stations, with the exception of Cross Country which has a couple fewer than Mid Level Plus. With this one exception aside, the trend seems to be that as the number of stations increases, the number of cars moved does as well. However, there is no such correlation between number of stations and amount of time waited. The amount of time waited seems to fluctuate between all the stations and has no pattern.
5.3. Sensitivity of the analysis
We performed a sensitivity analysis of our top two value measures: people on the system in a day, rated at a value of 100, and the amount of track in miles, rated at a value of 90. The sensitivity analysis helps to determine which candidate solution would be chosen if the value measure were assigned a different value. We looked at a range of plus and minus 10 to get an idea of what the decision would be should the client decide to change his assigned value. In both of the value measures they were neither sensitive nor significant, meaning that should COL Lachance change his value at all there would be no change to our recommendation. Appendix G shows graphically this analysis.
6. Implementation

6.1. Future work in evolution of the design

Future work on the JPOD system includes maintenance, repairs, and replacements as the system moves through the thirty year life cycle that our group has proposed based on the life cycle of the Morgantown PRT system at West Virginia University.  These costs were all factored into our final cost for the “All Out” candidate solution, our recommendation. 
6.2. Implementation proposal plan
The cost of implementing the JPOD “All Out” candidate solution over the thirty year life cycle is $983,805,989.90.  This is the combination of labor cost for a hundred and ninety- three worker crew, supplies cost for the pods, track solar panel and maintenance over the life cycle.
7. Conclusion
7.1. Summary of findings in report and alternative recommendation
Based on our groups calculations we find that our “All Out” candidate solution is the best given our clients indicated values.  Using our value measures “All Out” had a value rating of eighty-eight and cost $983,805,989,90 over thirty years.  These values gave the “All Out” candidate solution the highest cost versus value making it our recommendation for implementation for JPOD at West Point.  


  Our next highest ranking candidate solution was the “Mid-Level” design.  This solution had near the same amount of cost, but with far less value.  These factors make the “Mid-Level” candidate solution our alternative solution to our “All-Out” design. 

7.2. Future analysis
An area for further analysis is the potential decrease of monetary cost for the individual household as a result of using the JPOD system.  For example, would an instructor living in the Stony Lonesome community save money on gas by using JPOD system?  By using the JPOD system could the family save even more money by utilizing a single car instead of duel vehicles for on post transportation? With the current depression these economic factors on the family level would be crucial because the potential for increased income sway many to use JPOD as a cheaper form of transportation. So, by analyzing the income brought back into the household we could gain more JPOD customers. 


Another topic for additional research would be the ease of disassembling the entire JPOD system.  Since JPOD would eliminate the bus system, the JPOD system could potentially be replaced by better technology after the thirty year life cycle.  In which case, instead of simply reallocating or selling vehicles like we would do with the buses West Point has miles of physical structure to deconstruct and repair the land where JPOD had been.
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	Amount of Track 
(miles) 
	Stops in Cadet Area (#) 
	Stops in Visitor Areas (#) 
	Stops in Residential Areas (#) 
	Average Wait Time At All Stations 
(sec.) 
	People On System In A Day 
(#) 

	Bare Minimum 
	2.54 
	3
	0
	2
	30 
	7592 

	Bare Minimum Plus 
	3.48 
	2
	2
	5
	22 
	10368 

	Mid Level 
	6.43
	5
	4
	3
	23
	17200

	Mid Level Plus 
	6.19
	8
	6
	4
	26
	22940

	Cross Country 
	6.44
	5
	5
	4
	23
	19324

	All Out 
	8.88
	7
	7
	10
	21
	30000
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