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Abstract

Operating nearly 100 fuel cell vehicles worldwide, Daimler is looking ahead to commercialize hydrogen fuel cell vehicles.  As Daimler transitions passenger car generations from its current A-Class F-Cell fleet and prepares to launch its B-Class, F-Cell fleet, researchers and engineers are using feedback from their current fuel cell vehicles to optimize the environment and partnerships surrounding the next generation fleet.  By deriving how current customers use the vehicles and correlating this usage with individual customer characteristics, Daimler has gained unique insight into how the sparse hydrogen infrastructure affects fleet performance, how the infrastructure can be optimize and expanded to support fleet operations, and what customer/organizational characteristics ensure a top performing fleet.
1. Introduction

Daimler is an industry leader in the development and deployment of fuel cell vehicles.  Operating a fleet in excess of 100 fuel cell vehicles worldwide in the U.S., Singapore, Japan, Germany, China, and Australia markets, Daimler is advancing fuel cell technology towards commercialization. 

Starting in 1994, Daimler set out on its path to fuel cell vehicle (FCV) commercialization with its NECAR (New Electric Car) concept series. Through innovation and focused research, Daimler has moved beyond fundamental FCV research and into vehicle fleet testing starting in 2002. The current fleet includes over 100 vehicles and a variety of platforms consisting of busses, vans, and passenger vehicles. The focus of this paper is on the A-Class F-Cell passenger vehicle fleet.  The F-Cell program consists of 60 cars operating world-wide and has a broad user base including government, for-profit, and non-profit customers. 
Worldwide operation and a diverse customer base have provided Daimler with unique insight into the market and technological challenges facing fuel cell vehicle technology on the path to commercialization.  Through extensive data collection, the F-Cell fleet is revealing how diverse environmental conditions, sparse hydrogen stations, customer usage patterns, traffic conditions, and other worldly variables impact fuel cell vehicle technology.  Unique data analysis techniques and tools, combined with over five years of F-Cell fleet testing data, have proven to be a valuable asset in guiding Daimler’s next step toward commercialization with the development and deployment of the next generation Mercedes B-Class FCV. 
2. Background – Fleet Data Acquisition (FDA) System
Operating in parallel to the extensive fuel cell fleet is an expansive data acquisition network. The Fleet Data Acquisition, or FDA, network, can be loosely defined as two parts; the onboard and off-board systems.  First, each F-Cell is equipped with a powerful, onboard, “telematics” system that continuously acquires vehicle performance information.  This “telematics” system consists of an electronic device installed in the vehicle to collect development data for post drive analysis.  The onboard system creates and records a new drive file each time the key is turned to the ON position in the vehicle.  For this reason, after 5 years of fleet operation Daimler has accrued hundreds of thousands of individual drive files.  To help manage and make those drive files available off board the vehicle a unique data server was developed.  The off-board system consists of the Central Analysis and Reporting Server (CARS).  This server contains a database of drive files from each vehicle and is responsible for executing automated analysis and publishing reports.  The FDA architecture is depicted in Figure 1.
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Figure 1. Fleet Data Acquisition System Overview
The telematics system and CARS are connected via local fileservers and wireless access points.  The vehicle is able to automatically transmit the stored data via a secure wireless connection from the telematics system to a local file server.  Wireless access points are located at each F-cell home base and Daimler F-Cell workshop.
The data collected from each vehicle is utilized solely for future vehicle development.  This data includes physical signals like temperatures, pressures, and GPS data as well as performance data like current and voltage.  These signals allow Daimler engineers to perform analyses that provide insight into the F-Cell fleet operation and guide future development and deployment.
3.1 Data Analysis - Trip Purpose
As Daimler’s fuel cell fleet transitions between vehicle generations, identifying customer usage patterns aids in ensuring a successful road to commercialization by optimizing future fleet partnerships.  When partnering with fleet operators Daimler hopes to select drivers that will put miles on the vehicles under diverse conditions, but also in a manner that is convenient and representative of the way drivers would utilize a conventional internal combustion vehicle.  Fuel cell vehicles need to be comparable to conventional vehicles in order to be commercially viable.  An example of a less desirable partnership would be if a driver is forced to spend a disproportionate amount of time dedicated purely to hydrogen refueling due to lack of infrastructure, rather than using the vehicle for a useful, transportation dependent, function.  Capitalizing on five years of vehicle usage data, Daimler engineers correlate vehicle usage with a diverse array of real world variables in an effort to derive the purpose for each vehicle trip. 
As previously said, Daimler has a varied customer base consisting of energy companies, transportation agencies, government agencies, universities, and public organizations.  Each customer uses the vehicle for a unique purpose and, consequently, drives and operates the vehicle in a different way.  To gain insight into fleet-wide vehicle use, a trip purpose analysis was devised.
3.2 Analysis Methods
The Trip Purpose analysis begins by characterizing several distinct categories that capture how the vehicle may be utilized.  The tool then logically sorts all drive files into specific catagories and quantifies the aggregate data in the following two ways: frequency or mileage accumulation in each category.   From these statistics Daimler is able to learn why and how the vehicles are being driven in their respective fleets.
3.2.1 Trip Categories

Eight common categories were created to classify driving behavior.  These categories are able to encapsulate roughly 85 % of all drive files:

· Commute – Driver arrives at known place of employment between designated commute hours and between normal working days Monday thru Friday

· Fueling Trip – Driver uses the car for the sole purpose of refueling the vehicle

· Fueling Trip Plus – Driver fuels the vehicle, but makes additional stops

· Commute & Fueling – This is a combination of commute and fueling together.  During the analyses it was found that it is common for drivers to fuel the vehicle on their way to or from work, so this combination was created.

· Work Trip – Vehicle is driven during designated work days and hours

· Non-Business or Private – When the vehicle is driven outside of the designated business hours
· Other trip without Hotspot – Vehicle was driven to an unknown location 
· Other trip with Hotspot – Vehicle was driven to a known location but was outside the trip other categories

3.2.2 Hot Spot Identification
Prior to performing a trip purpose analysis on vehicles in a specific region, researchers needed to identify “hot spots” within that region.  Hotspots are classified as customer locations, work locations, FDA sites, hydrogen stations, or residential locations.  Identifying these unique geographic regions is crucial to the Trip Purpose analysis since researchers relied on an understanding of drive beginning and end points to categorize the entire trip into one of the eight categories listed above.   Analytically, hot spots were created by plotting GPS data for each start and stop point for each drive file.  An algorithm was then designed which identified geographic regions that contained a high density of drive file start and stop points.  User interaction then examined these high density regions and categorized them as customer locations, work locations, FDA sites, hydrogen stations, or residential locations.
3.2.3 Trip Combining

As mentioned above, each time the vehicle key is turned ON a new drive file is created.  However, typical driving behavior includes making stops in route to the driver’s final destination.  For example, a driver stops by a grocery store on their way home from work or is completing weekend errands.  This results in multiple drive files describing a single trip.  A challenging aspect of the Trip Purpose Tool development was implementing logic that identifies and combines individual drive files into complete “trips”.  Given the goal of this tool is to extract trip purpose, the recombination of individual drive files is crucial to revealing purposeful trends in vehicle usage. 
3.3 Trip Purpose Results 

3.3.1 Trip Purpose - Entire Fleet Analysis (January 2007 – December 2007)

F-Cells from Singapore, Japan, Germany, and the USA were processed for this analysis.  Therefore, thousands of individual drive files were included in the data set.  With a huge data set, data integrity is paramount for accurate results. 
As can be seen in Figures 2 and 3, the primary output from the trip purpose tool are pie charts characterizing what percentage of trips fall into each of the eight categories.  Figure 2 displays the number of each trip type taken in each category while Figure 3 shows how many miles were driven in each category.  
[image: image2.png]World Wide Fleet - Frequency

Commute / Fusling 10.7%

Other No Hotspot 15.4%

Other w/
HotSpot 6.3%

Private Trip 10.8%

Fueling Trip Plus 05%

Fueling Trip 6.6%

Work Trip 25.8%



[image: image3.png]World Wide Fleet - Distance Accumulated

Other No Hotspot 12.5%

Commute / Fusling 23.6%

Other w/
HotSpot 5.5%

Privte Trip 6.2%

Commute 20.2% Work Trip 18.4%

Fueling Trip Plus 12% Fusling Trip 12.4%




     Figure 2. Overall Frequency
     Figure 3. Overall Distance Accumulated

Each figure paints a complimentary picture about how the cars were driven.  Upon inspection of Figure 2, one can see the most common trip type is Commute related with “Work Trips” not far behind and taking the largest single slice of the pie.  This indicates that on a fleet wide level the most frequent use for these vehicles of the eight trip types described above, among for profit, non-profit, and government agencies is to drive during commute hours to or from a customer location.  

For further inspection and easier comparison, Figure 4 shows the differentiation between how often these trips are made versus how many miles were accumulated for each category.  The slices of the pie examined are: “Commute/Fueling”, “Commute”, “Work Trip”, and “Private Trip”. In this Figure, “Commute/Fueling”, claims 23.5% of all mileage driven whereas “Work Trip” shrinks considerably to just 18.4%.  This behavior can be explained by the average distance of a commute and fueling trip is longer than a simple commute or work trip.
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Figure 4. Comparison between Frequency and Distance

Perhaps more interesting is an explanation on why the relative frequency and distance observation values differ widely.  As can be seen, Commuting is twice as common as Commute/Fueling but the distances driven in each category only differ approximately 3.5%.  This is possibly the result of the insufficient hydrogen infrastructure in place to support current fuel cell vehicle fleets.  The driver is forced to drive a considerable distance just to get fuel along his/her commute.  The limited infrastructure, combined with the limitations of onboard hydrogen storage and, consequently, limited vehicle range require customers to spend a significant amount of time and effort traveling to and from hydrogen stations with 12.4% of all trips being dedicated to the sole purpose of refueling the vehicle.
To compare fuel cell vehicle usage to conventional, internal combustion vehicle usage, the analysis was run for Daimler North American fuel cell vehicles.  The results from this analysis are shown below in Figures 5 and 6.
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  Figure 5. USA Frequency

       Figure 6. USA Distance

As can be seen by combining the “Commute” and “Commute/Fueling” categories, the fuel cell vehicle is utilized as a commute vehicle for approximately 34.4% of its trips.  This coincides with the national average trip purpose for a conventional private vehicle of 38% for trips taken to earn a living [1].  Figure 7 shows that the F-Cell vehicle is able to complete the same tasks as conventional vehicles, and is able to be used in a similar manner to conventional internal combustion vehicles.  When looking at Figure 6, part of the discrepancy between fuel cell and conventional technologies - with respect to private trips - is due to the fact that the F-Cells are placed in commercial fleets that may, as shown later in the analysis, restrict drivers from using the vehicles for personal, non-business, related trips.
[image: image7.png]Conventional Vehicle Frequency Comparison

Total Cormmuting

Private

[ Conventional
I el Cell

5 ™ 25 a0 3B 40
Percentage [%]

10




Figure 7. Fuel Cell and Conventional Vehicle Comparison

As described above, while striving to commercialize these technologies Daimler looks to partner with organizations that will operate the fuel cell fleet for functional purposes; if driving the vehicles is not natural for the customer, but is forced, then the vehicles will not provide realistic feedback describing how they will be used upon commercialization.  Spending significant time and energy to get fuel is an example of forced use.  Typical, conventional, internal combustion vehicle driving includes easy fueling access because of an abundance of fueling choices available in urban areas.  A strong hydrogen infrastructure would allow the driver to not diverge strongly from their original destination to refuel their vehicle.

3.3.2 Individual Vehicle Analysis

The next figures describe individual vehicle trip patterns from different regions.  Figures 8 and 9 are from a Sacramento, California, USA vehicle where Figures 10 and 11 are from a San Francisco, CA, USA vehicle.  These two vehicles were chosen because they are similar customers in terms of their distance from fueling infrastructure, but the fleet management structures, city size, and population densities surrounding these vehicles are very different.
[image: image8.png]Sacramento - Frequency

Commute / Fueling 13 0% Other No Hotspot 9.3%

Other with
HotSpot 14.8%

Commute 31.5%)

Work Trip 18 5%

Fueling Trip 13.0%



[image: image9.png]Sacramento - Distance Accumulated

Commte / Fueling 22 8% Other No Hotspot 4.3%
Otfer with HotSpot 8 3%

Work Trip 12.9%

Fueling Trip 13.8%

Commute 37.9%




Figure 8. Sacramento, CA USA Vehicle 

Figure 9. Sacramento, CA, USA, Vehicle
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Figure 10. San Francisco, CA, USA Vehicle 

Figure 11. San Francisco, CA, USA Vehicle
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The impact from differences in fleet management structure can be seen immediately as the San Francisco car is allowed for private use during non-work hours and the Sacramento vehicle is not.  This results in private trips accounting for 15% of the trips taken in the San Francisco car and 0% for the Sacramento vehicle.  As Daimler looks towards signing fleet customers for the next generation, how the fuel cell vehicle is used is important if it coincides with greater and diverse vehicle use.
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Figure 12. Berlin, Germany Vehicle

Figure 13. Berlin, Germany Vehicle
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Figures 12 and 13 show how a German F-Cell customer used the car in 2007.  Interestingly, trends in fueling trips and commute are similar to those of the overall fleet.  When comparing the fueling trips across the above three regions, Sacramento, San Francisco, and Berlin, note that the percentages are similar at 7-12% of all trips taken and 13.7-16.2% of all distance traveled.  This represents a significant amount of a customer’s overall driving, and as fuel cell vehicles head toward commercialization this percentage needs to diminish for the technology to become competitive with conventional gasoline and diesel technologies.  In a conventional vehicle, very few trips are taken for the sole purpose of fueling the vehicle and it is not common to modify the route severely to refuel.   

4. 1 Data Analysis – Correlating Vehicle Profile and Vehicle Usage
In addition to identifying the purpose for fleet partners’ usage of fuel cell vehicles, Daimler researchers were interested in correlating characteristics surrounding individual vehicles within their fleet programs with mileage accumulation.  Vehicle mileage accumulation is one way Daimler customers contribute to the F-cell program.  Other means for contribution by our customers/partners include public relations events, fleet diversification, and time spent on the road. The goal of this step was to identify attributes surrounding each vehicle in its respective fleet that promote vehicle usage and mileage accumulation.  Identifying and combining these characteristics with knowledge of vehicle trip purpose is helpful in optimizing vehicle placement for future generation vehicle fleets.

4.2 Analysis Methods

To minimize cultural externalities and variability across data sets, only North American customers and vehicles were used for this step of the analysis.  Restricting this analysis to North American vehicles in synonymous with Daimler’s decision to, given their extensive experience in the North American FCV market, current hydrogen infrastructure, and legislative incentives, place the majority of its next generation fuel cell vehicle fleet in North America.

First, mileage accumulation plots were generated for each vehicle.  As demonstrated in Figure 14, these plots displayed each vehicle’s mileage accumulation as a function of time.  This mileage accumulation data was then fitted using a linear fit equation, and the slope of that line was utilized as an indicator for each vehicle’s mileage accumulation performance (the steeper the slope, the higher the performance).  This slope is an indicator of the rate of mileage accumulation.
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Figure 14. Mileage Accumulation
A Partial Least Squares (PLS) regression was then utilized to investigate relationships between the dependent variable (mileage accumulation performance) and the independent variables as listed in Table 1.  The PLS model combined with a K-means clustering algorithm revealed that vehicles that had lower mileage accumulation indicators were grouped with specific descriptive variables, while vehicles with high mileage accumulation indicators were grouped with other descriptive variables.  From these groupings, Daimler is able to gain insight into specific fleet characteristics that lead to greater vehicle usage.

Each vehicle was then characterized using the following criterion variables:

	Independent Variables 
	Description 

	Government 
	Was this fleet partner a government entity? 1 = yes, 0 = no 

	For Profit 
	Was this fleet partner a for profit entity? 1 = yes, 0 = no 

	Non Profit 
	Was this fleet partner a non profit entity? 1 = yes, 0 = no 

	Distance 
	Average distance to a fueling station from home base 

	Stations 
	Number of accessible hydrogen stations 

	Vehicles 
	Number of F-Cell vehicles at fleet location 

	Management 
	Was there a change in fleet management during project? 1 = yes, 0 = no 

	Mileage 
	Was there a minimum mileage requirement in the vehicle contract? 1 = yes, 0 = no 

	Drivers 
	Number of drivers registered for and/or which have driven specific vehicle 

	Extreme 
	Where the vehicles subject to extreme cold? 1 = yes, 0 = no 

	Offices 
	Where there multiple office locations? 1 = yes, 0 = No 

	Trouble 
	Did the vehicle experience excessively long periods away from the operator? 1 = yes, 0 = no 

	Est_Range 
	What is the driver’s estimated range for the F-Cell? 

	Fuel_Dist 
	How far is the drivers/organization willing to drive for fuel? 

	Fuel_Exp 
	Do drivers have hydrogen fueling experience? 1 = yes, 0 = no 

	City 
	Most of the driving has been in the city? 1 = yes, 0 = no 

	Highway 
	Most of the driving has been on the highway? 1 = yes, 0 = no 

	Both 
	Most of the driving has been a mix of city and highway? 1 = yes, 0 = no 

	Arrange 
	Fleet drivers must arrange a time to get the F-Cell? 1 = yes, 0 = no 

	Assigned 
	Fleet drivers are assigned specific access time to the F-Cell? 1 = yes, 0 = no 

	Varies 
	Vehicle access rights vary with organizational fleet? 1 = yes, 0 = no 

	Daily_3 
	Drivers can expect to drive the car daily over the next 3 months? 1 = yes, 0 = no 

	Weekly_3 
	Drivers can expect to drive the car weekly over the next 3 months? 1 = yes, 0 = no 

	Monthly_3 
	Drivers can expect to drive the car monthly over the next 3 months? 1 = yes, 0 = no 

	Scientists 
	Was the vehicle placed within a scientific organization? 1 = yes, 0 = no 

	Alt_Fuel 
	Organization had previous experience with alternative fuel? 1 = yes, 0 = no 


Table 1. Variable List and Description
4.3 Results – Correlating Vehicle Profile and Vehicle Usage
Examination of the PLS regression and clustering results reveal the following trends in vehicle mileage accumulation performance as a function of the descriptive variables listed in Table 1.  Figure 15 shows the results of the PLS and K-Means analysis.  As can be seen, when mapped to a three dimensional latent variable space, several clusters are formed.
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Figure 15. 3D K-Means Results
Using these results, several correlations between vehicle profile and vehicle usage were found and are grouped by topic below.

· The larger the average distance from an operator’s home-base to a fueling station, the lower the vehicle mileage accumulation performance.

· The more stations a driver has access to, the higher the vehicle mileage accumulation performance.

· Providing drivers with hydrogen fueling training tended to improve mileage accumulation performance.
The above four results pertain to the hydrogen infrastructure surrounding a vehicle’s operation.  As expected, these results indicate that convenience is a major motivator for customers to drive the fuel cell vehicle.  Even if a driver says they are willing to go out of their way to fuel their vehicle, the data indicates that the actual amount of miles a vehicle will accumulate decreases if a fueling station is not “conveniently” located.  These results also suggest that fueling must be a convenient process.  Organizations that did not provide fueling training to their drivers did not perform as well as those that enabled drivers to fill the vehicle themselves.  This is again an indication of convenience playing a major role in a driver’s decision to drive a fuel cell vehicle.  If a driver must go to a fueling station and ask someone to fill the vehicle for them or schedule a time to fuel the vehicle this inconvenience will deter the driver from selecting a fuel cell vehicle over a conventional vehicle for their next trip.  In contrast, a driver who has been shown how to fuel the vehicle will understand and become comfortable with the fueling process.  This comfort will promote vehicle usage since drivers will no longer worry about using the existing hydrogen infrastructure after depleting their fuel tanks.
These results also indicate that not only does the hydrogen infrastructure need to be expanded, but that the hydrogen infrastructure needs to be expanded strategically.  Meaning, stations need to be built in convenient locations that provide easy access, and these stations need to be easy to use so that all drivers can fill up their own vehicles.  

Two results pertaining to operating environment were found:

· Extreme weather conditions reduced mileage accumulation performance.

· Vehicles that did predominately city driving had a lower mileage accumulation performance rating than those that commonly drove combined city and highway driving or just highway driving.

These results are fairly intuitive.  The tendency for drivers to drive less during extreme weather is consistent with driving trends using conventional internal combustion vehicles.  It is believed that drivers refrain from driving during these conditions (blizzards, hail, wind, etc.) out of concern for personal safety due to unfavorable roadway conditions.  While the results show that Daimler’s fuel cell fleet was driven less under extreme weather conditions, the vehicles were operated safely, reliably, and successfully under these conditions.
The result that combined highway/city driving accumulated more miles than just city or highway driving by itself speaks to the versatility of the technology.  Vehicles which were operated within a fleet that allowed drivers to take the vehicles wherever they wanted met the needs of their drivers and were, as a result, utilized more frequently.  In contrast, some vehicles were operated in fleets that restricted vehicle usage to specific routes, restricted personal trips, or reserved the vehicles for a specific purpose.  As a consequence, these vehicles were not utilized as often and did not accumulate miles at a high rate.      

Characteristics describing how the vehicles were administered within their fleets revealed the following correlations:
· A contractual minimum mileage requirement increased mileage accumulation performance.

· Whether the organization managed their fleet via an arranged or assigned fleet management model had no impact on vehicle mileage accumulation performance.

· A change in fleet management during the program had increased mileage accumulation performance.

· Drivers whose fleet enabled them to drive the vehicle on a daily basis over a three month period accrued more miles than those whose fleet program only allowed them to drive the vehicle on a weekly or monthly basis.

The four results above are indicative of the contractual and fleet management stipulations that promote mileage accumulation by a fuel cell vehicle fleet.  They indicate that a continuing “energy” or “buzz” surrounding a vehicle fleet boosts the rate of mileage accumulation on the vehicles.  If a fleet partner is contractually bound to put a minimum number of miles on the vehicles, their fleet managers will be motivated to actively promote the fuel cell vehicles to their drivers.  By making these vehicles more available, a fleet manager will find drivers grow more comfortable with the technology’s ability to meet their needs, and are more excited and willing to drive the vehicles more frequently.  Finally, new people within an organization bring in new excitement and energy about the project.  Experience shows that this new energy perpetuates interest in driving the fuel cell vehicles.  For Daimler, these results emphasize the importance of partnering with organizations that are excited about the technology, motivated to use the technology, and active in educating their drivers about capabilities of fuel cell vehicles.

Customer background and perception results:

· Organizations with a scientific background accrued more miles than those without.

· Organizations with prior alternative fuel experience accrued more miles than those without.

· Organizations that provided fuel cell vehicle education to their drivers accrued more miles than those that did not.
Finally, the above three results provide insight into how organizational backgrounds and educational outreach can promote vehicle usage.  These results show that by educating drivers to have a practical understanding of the technology Daimler and its partners can increase vehicle usage.  Through educational outreach drivers become comfortable with the technology and understand the limitations/capabilities of the technology and surrounding infrastructure.  This, therefore, enables organizations and drivers to operate the fuel cell vehicles more effectively. 
Using the same performance indicator (mileage accumulation rate), additional analyses were done to further investigate how the distance to the nearest fueling station and the number of drivers per fleet vehicle impact vehicle usage.   As discussed above, the negative impact of an insufficient, sparse, hydrogen infrastructure can severely limit vehicle usage by drastically increasing the logistics necessary to fuel and maintain a fuel cell vehicle fleet; convenience is a major factor in a driver’s choice to utilize fuel cell vehicles.   A denser hydrogen infrastructure is a piece to the puzzle adding convenience of the operator.  Daimler researchers set out to use feedback from their current fleet to see what the maximum allowable distance from a partner’s home base to a fueling station would be before driving behavior is negatively affected.  As shown in Figure 16, it appears that if a vehicle home base is within 15 km (9.3 mi) of a fueling station, its usage is unaffected by the distance required to fuel, but is instead dominated by other factors.  For vehicles that need to travel more than 15 km (9.3 mi) to fuel, mileage accumulation performance was dominated by the necessity to travel a significant distance to refuel the vehicle.  
Figure 16 shows sparse data between about 25km and 65km.  This is the current data Daimler has and as new stations come online and customers are placed, the curve can be refit and refined.
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Figure 16. Impact of Distance to a Fueling station on Vehicle Mileage Accumulation
Next, researchers were interested in examining how the number of drivers per vehicle impacted vehicle usage while operating in a fleet.  Figure 17 displays these results.
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Figure 17. Optimum Number of Drivers per Vehicle
As can be seen, while operating in a fleet a fuel cell vehicle will accumulate more miles if more people have access to it.    Figure 17 also shows that the optimum number of drivers is approximately 20 drivers per vehicle for the current fuel cell fleet. 
5. Conclusion

Transitioning between fleets is a critical time for Daimler.  Researchers and engineers want to maximize the learnings from the current F-Cell generation to ensure that Daimler remains the industry leader with the release of their next generation.  Daimler has learned how customers use their vehicle and can categorize roughly 85% of the trip chains.  Commuting was found to be the primary use of the A-Class F-Cell and an insufficient hydrogen infrastructure has a negative impact on vehicle use.  Today’s insufficient, inconvenient, hydrogen infrastructure contributed to the 12.4% of analyzed fleet mileage accumulated in 2007 being driven for the sole purpose of refueling the vehicle.  The impact of today’s hydrogen infrastructure was also seen through significantly longer commute/fueling combined trips compared to non-fueling commute trips.
While today’s imperfect hydrogen infrastructure is an obvious hurdle to fuel cell vehicles’ commercial viability, the trip purpose analysis shows that fuel cell vehicles, themselves, are capable of satisfying the majority of consumers’ everyday, transportation needs.  
The vehicle profile versus vehicle usage analysis presented highlights the negative impact an insufficient hydrogen infrastructure has on fuel cell vehicle operation.  This analysis also reveals the positive impact extensive outreach and education activities have on fuel cell vehicle fleet operation.  Finally, this analysis revealed how the environment and organizational structure surrounding a fuel cell vehicle fleet can affect vehicle operation and mileage accumulation. 
The analysis methods and tools presented above have enabled Daimler to identify important trends in current fuel cell vehicle usage.  These results are shaping the partnerships Daimler makes to deploy its next generation fleets, and directing how Daimler supports the buildup of the hydrogen infrastructure surrounding its future fuel cell vehicle technologies.  Over five years of data provided by Daimler’s current fuel cell fleet accentuates the importance of real world feedback to the commercialization for fuel cell vehicle technologies. The operation of successful fuel cell vehicle fleets through strategic partnerships and infrastructure investment is a crucial step to shortening the timeline for fuel cell vehicle commercialization.
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