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BACKGROUND
The purpose of this project is to facilitate the conversion of two MnDOT Ford Escape vehicles to plug in hybrid capability.  As part of the conversion process the vehicles were to be tested for emissions and fuel economy before and after the conversion.  Baseline testing was performed in March of 2008 prior to conversion to PHEV capability.  After the vehicle was converted, a second round of emission and fuel economy testing was performed to measure any changes in those operating characteristics.  Due to high demand for the Ford Escape Hybrid, the second vehicle to be converted was not delivered to MnDOT in time to convert during the same time. Prior to conversion each vehicle must be driven 10,000 miles before reliable fuel economy and emissions data can be measured.  
COMPANIES PROVIDING SERVICES
All emissions and fuel economy testing was conducted at Environmental Testing Corporation (ETC), www.etclab.com, in Aurora, Colorado. The facilities at ETC meet all US EPA testing requirements and the company provides services to all of the domestic automotive manufacturers and the majority of overseas manufacturers.  

The vehicle conversion to PHEV capability was performed by Hybrids Plus, www.hybrids-plus.com, in Boulder, CO.  The conversion was completed in 1 day. 
PHEV FORD ESCAPE PERFORMANCE 

Initial performance of the vehicle after conversion was excellent.  However, upon returning to Minnesota a series of problems were experiences that took a significant amount of time to resolve.  In my opinion the problems encountered were due in large part to the fact that PHEV’s are in their infancy and taking any technology from the prototype/laboratory stage to production has risks.

Initial problems centered around hardware connection between the PHEV components added as part of the conversion and the stock Ford components.  Some of the connections had intermittent continuity problems (sometimes there was a good connection and other times there was not) which can be difficult to diagnose.  These issues were resolved by the end of April, 2008.  The vehicle remained at MSU to be sure all systems were operating properly and that no more problems developed.  

The vehicle was returned to MnDOT in mid-May and placed in the fleet.  Initial performance was excellent and the comments from the drivers were excellent.  However, on June 11th, 2008 I received the email below from Ann Colcord from Hybrids-Plus stating that there was a significant failure of one of their systems that had been installed in a Toyota Prius.  The failure resulted in a fire that caused significant smoke and upholstery damage but no personal injuries.  The fire was or a “smoldering” nature.
The MnDOT PHEV Escape was immediately removed from service and returned to MSU until Hybrids-Plus could determine a course of action.  The company took approximately 2 months to determine the exact cause of the fire and put in place procedures to correct the problem so it did not occur on any other vehicles.  We were asked to perform several checks and diagnostic procedures on the PHEV battery in the Ford Escape.  This was done while in constant communication with Hybrids-Plus.  The diagnosis focused on the fasteners that connect the individual battery modules together.  The cause of the fire on the Prius was traced to loose connectors that cause “hot” spots in the battery that ultimately ignited.  All of the fasteners on the MnDOT Ford Escape were tightened to the proper tension.  There were NO problems found in the MnDOT PHEV.
After the vehicle was inspected and deemed to be free of problems, it was placed into general service at the Mankato MnDOT office.  The vehicle has performed well for over 6 (six) weeks in general service.
MNDOT has received the second Ford Escape that is to be converted.  They are in the process of accumulating the necessary 10,000 miles needed in order for the vehicle to be able to be tested for baseline emissions.

I have been in contact with Hymotion (another PHEV conversion company) about their progress in converting Ford Escapes.  They are working with Denny Hecker Toyota in Minnesota on conversions of Toyota Prius vehicles.  They are one of the first six dealers in the US to install kits to convert Toyota Priuses into plug-in hybrids.  While Denny Hecker’s dealership is only converting the Prius hybrids at this time, they may be able to assist in the conversion of the Ford Escape. 
EMISSIONS AND FUEL ECONOMY DATA

All emission and fuel economy testing was conducted at ETC following standardized drive cycles determined by US EPA on a 4-wheel-drive chassis dynamometer.  The emissions data from a test is used to determine if the vehicle meets EPA acceptance criteria and the fuel economy data represents the values published by the US DOE and found on the window sticker of vehicles sold in the US.

The emissions and fuel economy data for the vehicle in both configurations is presented in Table 1.  It should be noted that when the vehicle was tested in the PHEV configuration in March of 2008 the engine did not turn off during the test cycle when the vehicle was not moving.  The vehicle engine does not turn off when the defroster or air conditioning in operating.  Emissions and fuel economy testing was performed at ETC again in October 2008.
The values below only represent the contribution of internal combustion (gasoline) engine.  The electrical contribution form the on-board battery charger has not been calculated.  The values below represent the averages of 3 tests in each configuration.  The hybrid battery was fully charged before each test.  The data was collected during the October, 2008 tests to measure the amount of electrical energy used during each test, but it has not been reduced and configured to reveal the total electrical energy used during each test.

	Vehicle Configuration
	City Fuel Economy (mpg)
	Highway Fuel Economy (mpg)
	Hydrocarbons THC
(grams/mile)
	Carbon Monoxide CO

(grams/mile)
	Oxides of Nitrogen  NOx

(grams/mile)
	Carbon Dioxide CO2

(grams/mile)
	Non Methane HC
(grams/mile)

	Stock


	32.1
	31.6
	0.007
	0.064
	0.014
	274.8
	0.006

	PHEV

March/2008


	42.6
	53.6
	0.006
	0.022
	0.005
	207.5
	0.005

	PHEV October/2008
	61.8
	62.5
	0.009
	0.023
	0.007
	143.0
	0.005


SECOND MnDOT PHEV VEHICLE STATUS

The second vehicle to be converted has almost completed the desired 10,000 mileage accumulation period.  During this time we have tried to locate any other companies offering PHEV conversions for the Ford Escape.  One of the companies identified early on in the project as offering PHEV conversions is Hymotion.  They are working with Denny Hecker Toyota in Minnesota on conversions of Toyota Prius vehicles.  We have just learned, through Denny Hecker’s that Hymotion is no longer offering a PHEV kit for the Ford Escape.  The only company manufacturing a PHEV kit for the Ford Escape is Hybrids-Plus.

We are in the process of scheduling the conversion of the second MnDOT Ford Escape with Hybrids-Plus.  We have been given a tentative conversion date of December15th 2008.  

























































