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1.  Introduction
Over the last 15 years an industry funded group “The Advanced Lead – Acid Battery Consortium” (ALABC) has been promoting and supporting research and development work in advanced Lead – Acid (PbA) electrochemical cells.  This effort in part was due to the restriction in various government sponsored battery development programs for hybrid electric vehicles (HEV’s) such as USCAR/USABC to funding work in advanced PbA technology.  Under the ALABC several Honda Insights were converted from Nickel – Metal Hydride (Ni-MH) to PbA batteries to demonstrate the applicability of PbA cells to this demanding application.  The technical success of this program has brought to light the difficulty of becoming a chosen technology due to the lack of information on multiple adoption issues, e.g. matching performance migration in use, performance modeling, and manufacturing development.  The insecurities expressed by possible adoptors of PbA battery technology were not only present performance, but, assurance that the PbA technology can keep pace with the aggressive needs of the automotive sector.   With this backdrop the ALABC has chosen to undertake the development of a technical roadmap to draw together the requirements of PbA in HEV application at present and in the future versus the state of the technology.  The hope is to demonstrate the ability to meet the HEV challenge today and as projected into the future assuaging the concerns of the automotive industry in adopting the technology.

2.  Analysis
The “Hybrid Electric Vehicle Technical Roadmap” (HEVTR) of the ALABC is being developed to assist the application of PbA batteries in HEV’s.  As championed by Gerry Woolf of BEST magazine the ALABC has continuously been asked the questions of, What do you have, When is it availible, and How will it effect the market.  A classical technology push approach in assessing development.  The HEVTR turns the questions to a market requirements analysis asking, How will the market develop, When must a performance level be availible and What does the industry have to do to get there on time and on budget.  This is a demand pull analysis of what is required to become the supplier of choice.  Of course PbA technology has been the supplier of choice for the automotive industry for over 100 years.
A simple market analysis, following the methodology proposed by Porter, clarifies PbA position in the HEV market. The bargaining power of customers is very high as there are relatively few auto companies who control product integration and specifications.  Very high inertia for present drive train configurations.  With actual demand being driven by environmental and fuel cost considerations which is a complex interaction of vehicle design and usage.  In this market Nickel Metal Hydride cells are the present technology of choice as such PbA is the substitute technology. This is a non-traditional position for PbA which will make it to the market on a balance of price and performance for specific vehicle applications.  PbA is not the only technology vying for drive train space in advanced automotive application.  Li-ion battery technology has garnered most of the research resources in the past decade specifically for application in hybrid and electric vehicles giving this technology a certain marketing edge. Fuel cell technology through demonstration and consumer trials is making a run at the automotive market with the promise of low emission levels. Alternative fuels, e.g. hydrogen, bio derived, have also been recipients of great interest and investment and adaptation of the present fleet to the E85 specification.  This makes for a very crowded arena to compete in.  The present PbA battery industry as a supplier has also suffered from some structural issues in trying to maintain competitiveness with other automotive technologies.  R&D funding has been very difficult to obtain from government sources.  New technologies have been slow to integrate into present PbA design as the new technologies have been brought to market by entrepreneurial startup’s who’s business plan requires the development of profits based upon their individual intellectual property positions.
In Table 1, the performance of present advanced PbA cells is benchmarked against the USABC goals.  The data represented here indicates that the 1st generation ALABC cells meet much of the performance requirements of the USABC.
Table 1:  Benchmarked PbA performance to USABC Targets

	Characteristic
	USABC
	Ultra 
	Exide Spiral
	Effpower

	Pulse Discharge, kW
	25
	25
	50
	27

	Max Regen Pulse, kW 10 Sec
	30
	30
	30
	17

	Energy, kWh
	0.3 (C/1)
	0.6
	2.2
	0.3

	Round Trip Efficiency
	90
	92
	90
	88

	Cycle Life
	300K
	>350K
	>250K
	>300K

	Maximum Weight
	40
	61
	170
	62

	Maximum Volume
	32
	25
	72
	30

	Production Cost ($)
	300
	260
	240
	?


Table 2: Vehicle Performance Benchmark

	Metric
	Units
	2008
	2010
	2012
	2014
	2016
	2018
	2020

	Acceleration
	0-50/sec
	13.5
	12.9
	12.2
	11.7
	11.1
	10.6
	10.1

	Top Speed (min)
	MPH
	70
	73.5
	77.2
	81
	85.1
	89.3
	93.8

	Gradability 
	6%MPH
	45
	47.3
	49.6
	52.1
	54.7
	57.4
	60.3

	Fuel Mileage
	MPG
	45
	47.3
	49.6
	52.1
	54.7
	57.4
	60.3


Table 3:  Expected Battery Performance Improvements to 2020  

	Characteristic
	2008
	2012
	2016
	2020

	Pulse Discharge, kW
	25
	27.6
	30.4
	33.5

	Max Regen Pulse, kW 10 Sec
	30
	33.1
	36.5
	40.2

	Energy, kWh
	0.3 (C/1)
	0.33
	0.36
	0.40

	Cycle Life
	300K
	>330K
	>360K
	>400K

	Maximum Weight
	40
	36.28
	32.91
	29.85

	Maximum Volume
	32
	29.02
	26.33
	23.88


4.  Discussion
However, vehicle performance is not a static metric.  Consumers expect performance enhancements to enhance the driving experience.  In Table 2 a 2.5% increase in vehicle performance per year has been added to the minimum performance specification established by USCAR.  This is in recognition that consumer will demand more as time goes on.  While in Table 3 this performance metric is applied to the USABC battery metrics.  The ALABC has and is continuing to support advanced PbA development.  Great strides in enhancing PbA performance will be coming to market in the next few years which will enhance.  Particularly when system weight and or volume are considered.  The Ni-MH and Li-ion battery chemistries presently anointed for use in electrified vehicles suffer from two great challenges; First, there poor performance in extreme temperature conditions.  As such a full second PbA electrical system is necessary to start engines, run accessories and/or backup a non-performing HEV battery.  This adds extra weight and complexity unnecessary with a full PbA system.  Second, the cost of the materials in Ni-MH and Li-ion cells is orders of magnitude higher than PbA.  Also these materials do not have the extensive recycling network of PbA technology.  Since secondary Pb production dominates the worldwide Pb market both environmental and material pricing issues are mitigated on a worldwide scale.  On the other hand PbA producers need further reductions in weight by improving active material utilization, reducing top lead and grid mass, and finally demonstrating to the automotive industry and consumer PbA is the technology of choice.  The ALABC HEVTR hopefully will serve as a point of focus to drive technology development and present PbA technology in a manner which allows a concise understanding of the opportunities availible. 
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