Extended Abstract

Introduction

Industrial lead acid batteries are seen by many commentators as being threatened by lithium batteries, particularly lithium ion, the current battery of choice for electric vehicles. Given the multibillion dollar research effort into lithium, this situation is not likely to improve. Obviously, a number of major lead acid battery producers have already anticipated this by having Lithium battery manufacturing divisions, although, as would be expected, the major industry players originate from outside the battery industry.  Already many markets, such as standby, have trialled lithium batteries, while others, typically in cycling areas, are already dominated by lithium (PHEVs) or are subject to significant inroads (electric bikes). Other threats, such as fuel cells are also increasing in specific market segments, such as EVs and solar.

At the same time, the market driven technical requirements on lead acid are continuing to expand. For instance Railway batteries, where Battery Energy has a significant presence in Australia, have traditionally been a mixture of vented lead acid traction batteries – the classic example being the 8V monobloc – and vented nickel/cadmium, both pocket plate and sintered, for both starting and standby support applications.  This is now changing, with requirements such as minimal maintenance, passenger compartment compatibility, including enhanced flame retardance – some of the newer standby batteries are going under the seats – good starting capability and excellent cycling performance, often at reduced states of charge.  This latter specification is being driven by requirements to switch the locomotive diesel off and move by electric traction to save fuel.  These requirements often have to be combined with basic, often poorly regulated, charging systems, so resistance to abuse is important. Products also have to have similar footprints to those that they are replacing and give lives in excess of the current 6-8 years.
Traction batteries are moving not only to sealed batteries for maintenance and O,H and S reasons, but also to multishift operation, backed up by opportunity charging, often at relatively high currents.

               Solar/RAPS batteries are moving towards, again, minimal maintenance, combined with intelligent control systems with self diagnosis. In the larger hybrid systems, with diesel generator back up, these will be at typically higher depths of discharge (35-40%), compared to the smaller, and often privately owned, systems where DODs of 15-20% are more common. Operation at reduced states of charge is important.  The life requirement, preferably over 10 years before replacement, remains the same.  For utility applications, which are being increasingly discussed, particularly in the US, the threat comes from both fuel cells and newer battery types such as the flow battery systems and possibly the high temperature systems. The depth of discharge will be even higher in these cases, often up to 50-60%. Long service life, low initial and operational costs are all critical.

It is our opinion that Lead acid will still predominate and grow in those areas where energy density is not critical. It is clear that the current or near term projected difference in costing between lead acid and lithium ion of 3-4 times will be the dominant commercial issue assuming that the technical requirements outlined above can be met.  It is only when there are significant problems with lead acid performance that other solutions will be proposed and eventually adopted.

It is also our view that advanced sealed gel technology, adapted to specific uses, is the most appropriate technology to counter all the technical challenges as outlined above.

Battery Energy Technology

Battery Energy commenced work on gel technology, together with CSIRO, in 1992.  We have continued working with CSIRO and other organisations ever since and many of the results reported here are from them  The gel product was introduced commercially in 1996 and presently constitutes > 95% of Battery Energy production.

The initial requirement was to develop a product for Telstra (then Telecom Australia) that would replace vented product used in the Australian outback, particularly in the North of Australia.  A number of design and manufacturing criteria were used:-

(1) In jar formation. This was adopted for three reasons, lower cost of manufacture, O, H and S and technical product improvement.

(2) Thick plate technology.  The typical plate thicknesses are positive 5.4mm and negative 4.0mm.  This was adopted to reduce the effects of corrosion, particularly because the requirement for high temperature operation.  Typical electrolyte values are 13-19mls/Ah, significantly above most AGM products. The operational acid density typically varies from 1260 to 1270 kg/m3, with a starting gravity in the fill electrolyte of 1220 to 1230.  

(3) Optimisation of the pasting/curing process

(4) Relatively high fumed silica concentrations, ~ 6%.

(5) Careful selection of the materials used, including grid alloy, active material starting lead (VRLA Alloy), separators (corrugated PVC ) etc.

(6) Equivalent cost to vented products

The aim in the product design was to optimise the efficiency of the product, both in terms of the initial formation and the performance in service.  The advantage of using VRLA lead, for instance, leads to a wider charging window, such that the recommended charging voltage can be raised to 2.45V, significantly higher than other gel batteries.  It also means that charging can be completed relatively quickly.  The battery has also been designed for optimal Partial State of charge performance (PSOC) where extended periods at less than 100% state of charge are required.

Product performance – float applications

The product is used in a variety of different environments and has undergone a number of accelerated tests, many of them outside of Battery Energy. Typical performance indicates lives of 2-3 times competing gel or AGM products.  An example is a regime of constant overcharge at 2.6V, where the product lasted almost three times more than an equivalent AGM product. The float currents, as would be anticipated, are very low, with values varying from 25mA/100Ah at 2.25V. This compares to equivalent values for vented product of 15 mA/100 Ah.  As would be anticipated, this current approximately doubles for every ten degrees of temperature rise and shows an initial slope of ~ 80mV per decade of current rise.

High rate performance is more than acceptable, with ratios (comparison of 10 minute to 10H rates) somewhat better than equivalent high rate vented products with similar plate sizes and thicknesses and similar to a number of AGM products. Gel products do not have better high rate performance than AGM products, but their other performance advantages can outweigh this in specific applications.  Rail is an obvious example.

Resistance to abuse

Resistance to abuse is critical for batteries and is one area where AGM batteries have been found wanting.  Laboratory testing of the BE gel product has shown good resistance to operation in the discharged state – cells were discharge to 1.75 then charged to 2.45V continuously and the state of charge of the batteries allowed to slowly decay over 150-200 cycles. The capacity of the battery was then fully recovered. This cycle was repeated twice.
Cyclic performance

Initial testing in 1994/5 by CSIRO gave a cycle life approaching 1200 cycles at 100% DOD. Cycling was based on charging to 2.45V with a constant 105% charge following a discharge to 1.75V. Breakdown analysis of cells (after 800 cycles) indicated only moderate positive plate corrosion (16%), with failure  due to the negative plate, so presumably better cycle lives could be obtained.  Water loss data indicate very low losses under a variety of regimes, and are certainly not enough to cause failure.

Testing a few years ago has involved cycling at 45 degrees, where 550 cycles were achieved with no loss of capacity, again at 100% DOD.

The majority of recent testing has been carried out using Partial State of charge profiles (PSOC).  There is clear evidence that operation of gel batteries – AGM and vented are much less suited to this type of regime – greatly improves the life of the battery. This was the approach employed in the ILZRO Raps installation in Peru, where 240V banks of 400Ah Sungel batteries were employed. This was a World Bank project, supported by the ALABC. It involves operating the battery at defined states of charge, with the charge cycle just returning the same amount of charge that had been removed in discharge. An equalisation charge is then given on a regular basis – typically every 15-30 cycles – to return the battery to the 100% charged state.

There are many variables in PSOC cycling, including the cyclic window, the equalisation profile and the method of charging.   One example, simulating airport tug use, in early testing used a DOD of 70%, combined with fast charging and achieved somewhat over 1000 cycles, 2 to 3 times more than competitor gel batteries.

Of particular interest is the efficiency in Ah terms of the battery.  In a standard charge/discharge profile, the overcharge required to return the new battery to the fully charged state is 2-3%.  In the PSOC profile, it is of the order of 1% for new batteries and 2% for aged batteries when calculated over the complete cycle.  This is a particularly important parameter is determining the suitability of the battery for PSOC cycling.

More recent testing carried out using a utility profile and opportunity charging has operated the battery at between 80 and 30% State of charge.  The batteries have achieved the equivalent of 2000 cycles and are still operational, a figure many times more than achieved with AGM batteries.

The laboratory performance mentioned above has been mirrored by in field experience, both with float and cyclic applications.  Lives in excess of 10 years are becoming more common and are beginning to match the performance of vented batteries in these applications.

The batteries mentioned earlier in Peru are approaching the 8 year mark, despite storage for over a year in the tropics.
Conclusion

Advanced gel technology does have the capability, particularly when combined with advanced control techniques, of meeting customer requirements for long life and minimal maintenance at an acceptable cost.

There is still considerable work to do in optimising both the control parameters in the charging algorithms and the batteries themselves but we are already at the point where we can be confident about meeting the challenge from other battery systems.

