Discussion With Richard Smith of Maxwell Technologies

Using Ultracaps In Conjunction With Fuel Cells

RS: 
On the Honda Fuel Cell car, Honda just did what most of the fuel cell people are either doing now or have done, which is discovering that ultracapacitors and fuel cells, especially PEM fuel cells, are actually made for each other.  The fundamental relationship for getting energy out of PEM fuel cells is to take, when the load is there, the voltage begins to drop per cell, like from a one volt cell it’ll drop to point six volts, and the current will ramp to several amps.  So current times voltage gives watts out, power out.  

The problem is if you go too far by putting too much load on a fuel cell, and it goes highly inefficient, the voltage drops real low, and then it has heating and life threatening consequences.  So by putting a fuel cell, and an ultracapacitor bank together at the same voltage, when the fuel cell tries to drop voltage, the ultracapacitor can’t drop voltage unless it gives up power.  So it slowly gives up its power while the fuel cell stays in a rather optimum range.  And then it ramps itself up in efficiency.

JL: Is this part of what might be meant by “load leveling”?  Or is that a misapplication of the term?

RS: In this case it’s a load leveling but it’s also even more significant than that for fuel cell, and that is that not only does it do a dynamic load level so that it takes some of the dynamic power away from the fuel cell demand, but it also optimizes the fuel cell performance because it allows the fuel cell to stay in maybe a fifty percent efficiency range rather than a twenty percent efficiency range.  

JL: 
Yes.

Flammability and Fumes In An Accident Or Fire

JL: 
I have to ask you a question.  ...It’s been brought to my attention that some of these ultracapacitors; they’re not all the same, if they get in a fire there are going to be some dangerous fumes.  Can you speak to that?

RS: 
Absolutely.  

First of all, ultracapacitors use organic electrolytes.  Organic electrolytes are made up of different constituents.  Carbons and Nitrogens, and some Hydrogen.  So if you burn an organic electrolyte,  first of all it’s flammable.  Secondly if it’s in a starved situation, in other words it's fuel rich and oxygen starved, there’s carbon in here, so you get CO, which is hazardous, and in the case of (inaudible aceto-nitryl?) you could get some HCN.  Now the amount of HCN is not the toxic gas, the CO is the toxic gas.  

So everybody’s ultracapacitors, that are being used above one volt, are all using organic electrolytes.  Some are more flammable than others.  

What we’ve done to mitigate that is in our designs for our modules we’re actually using an ultra oil that we’ve invented that is a thermally conductive, but not electrically conductive, oil.  It absorbs the organic electrolyte if there’s any rupture, so it actually makes the flammability about the same as crank case oil, so it actually reduces the concern of flammability, no matter what kind of electrolyte is used, to very low.  

JL: 
Yes.  In speaking with the ISE Thunderbolt guys I asked them something similar and they listed a few things they had done, and that sounded like one of them.

RS: 
Yes, there are many techniques you can use to mitigate.  The matter of fact of any organic, whether it’s diesel, gasoline, alcohol or the electrolyte we use: They’re all flammable and you have to take precautions to do that.  Now transportation devices all have many flammable fluids on board, but they cannot be put on board without all the proper safety precautions.

JL: 
He also mentioned: Don’t give it too many volts, beyond a certain voltage it was a problem.

RS: 
Okay, the capacitor, just like a battery, if it’s overcharged, (by that I mean: it’s charged at a higher voltage than it’s natural voltage), at some point it will become detrimental to the capacitor.  So you can destroy the capacitor.  If it’s a two and a half-volt capacitor, it’ll actually stand about three and a half volts for a short period of time.  But if you put five volts on at ten amps it will heat up and either open (which it’s designed to do) and out-gas, and the gases that come out are not lethal.  I wouldn’t say they’re not harmful, because you can’t breathe acid and you can’t breathe organics, but they’re not lethal, but they are flammable.

JL:
That’s out-gassing without yet having a flame?

RS:
They open and there may be some fumes that come out.

JL:
If they do catch fire, somebody, I'm [not sure what HCN is], but somebody mentioned cyanide?

RS:
HCN is cyanide. 

JL:
Okay.

RS:
So cyanide, so if you look at a modern car today the amount of cyanide that’s contained in a modern car is fairly high.  If you burn carpet, upholstery, plastics on the door, plastics on the dash, any of the door handles, almost every single plastic item on a car will generate more Hydrogen Cyanide than the Boostcaps will.

JL:
Okay, I'm glad I asked.  

RS:
So you wouldn’t put this [boostcaps] in the passenger compartment.  On the other hand the passenger compartment has far more lethality, if you’re talking about lethality.

JL:
What would firefighters need to know if they’re concerned about all these new devices that are going into cars?  

RS:
I can’t answer for batteries because I don’t know.  But I know for Ultracapacitors the nice thing about the organic electrolyte is it’s water soluble.  So if they came up to a car that was on fire and had a Boostcap box in there that was also on fire, all they’d have to do is put water on it and it would go out.  And the organic electrolyte is soluble, so there would be no fumes, there would be no harm, and it’s biodegradable so it would actually be much safer than an acid or a KOH running down the drain.

JL:
So the amount of poisonous fumes it will be giving off as they approach it, to put the fire out with water, should not deter them? 

RS:
Not if it’s a car fire.  If it’s a car fire the amount of poisonous fumes on the plastic cases of lead acid batteries would be greater than the amount coming off of this box.  And the amount coming from other pieces of rubber on the tires, and so on.  

So, I think it’s always interesting I guess to defend against something that’s a boogie man but, the fact of the matter is....

JL:
I hear the word 'cyanide' and I thought I’ll better ask the other side of this question.

RS:
Right.  Well cyanide of course has a trigger word much like “acid” would be, nobody would drink hydrochloric acid, yet we all have quite a few we may have a quart of it running around in our cars all the time, and if it gets on you it’s very dangerous.  But it’s also been treated very safely.  So there is no significant adverse effect unless somebody mistreats the product.  But if it’s used in its proper manner it should be safe (inaudible) mitigating it with other techniques.

JL:
Well ISE talked about a fire suppression system.  What I get out of this is that it doesn’t have to be confined to say a giant fleet bus where they have a special procedures in place, it can be put on regular cars.    At first when I heard this I [thought]... “We have to exercise precautionary principle and ask if there’s a problem there”.  But if the amount of fumes are modest then …?

RS:
If we look at it scientifically the correct answer is: The safety of ultracapacitors is determined:

First it’s determined by it’s electrical storage, if you have a two hundred volt bank of batteries or capacitors and you grab a hold of the two terminals you’ll get electrocuted.  

Second it’s determined by the flammability or the poisonous nature, or the corrosive nature of the electrolyte.  Whether it’s KOH, sulfuric acid, or Aceto-Nitril [?].  There are other polycarbonates we also experiment with that are also flammable, so the flammability is an issue.  The constituents of the flame are a function of the fuel or air richness.  

The amount is determined by the number of capacitors on board, which in most cases is not a very large amount relative to the other fuels and plastics and nylons and so on and that are on board.  This doesn’t mean it shouldn’t be treated as a flammable, because that to me is the most important issue.  It needs to be treated as a product that has flammability.

... All the systems integrators, the automotive companies, they're very comfortable using Ultracapacitors.  Because, by their definition, they're working with flammables every day.  They have hydrogen, they have diesel, they have gasoline, they have CNG.  Many of these things are much much more difficult challenges to control.  This [Maxwell product] is in a can, a very robust can, it's not liquid so it can't be poured out.  It's also usually encased in a metal container.  And then again, we have mitigating oils and so on that absorb most of the material.

Editorial followup notes, by Josh Landess: 

This question of Ultracap flammability and Cyanide and other harmful emissions in a fire came up in speaking with several different parties.  ISE Thundervolt had a bus equipped with Maxwell Ultracaps, and BYU has an EV1 ¼ Mile Drag Racer powered only by Maxwell Ultracaps.  Both parties were aware of the issues and seemed to confirm that they had taken the issue into consideration in constructing their vehicles.  

Because Ultracaps had previously been considered for inclusion in the Allison Hybrid Bus efforts (efforts which ended up with NiMH instead of Ultracaps) I spoke to two different GM people about these questions.  One person was of the view that GM had opted for NiMh over Maxwell Ultracaps on the Allison Bus in part or entirely because of this fire-emissions concern, while another person contradicted this a little bit; he emphasized rather that NiMH batteries came on the Allison bus because they were considered more generally better.

This all confused me a bit, so I want to pass the following on to readers:

First, I'll do the best I can to accurately quote various parties and executives in Evworld.com, so even if I am ignorant of some aspects of the complex technical matters under discussion, readers can get accurate statements from those being interviewed.

Second, it is my initial impression (and merely my impression) that this issue of Supercap and Ultracap hazard in a fire is somewhat complex and should not be presented in some sort of oversimplified matter.

Third, fire fighting and emergency response professionals should not rely on the very small incomplete amount of information I was able to gather, but at most should regard it as a starting point to motivate investigation of how to cope with these new products making their way onto the road.

Fourth, all capacitors or “Super” or “Ultra” capacitors may have some similarities, but also may have some differences.  I also spoke to some other capacitor makers (Nippon Chemi-Con, etc.), and so I don't think all such products react “identically” to fires and other matters.  So, here again, I want to be careful as to the exact information I pass on to readers.

Fifth, I note that Honda included a Capacitor instead of a battery (complete with dashboard readout to see its powering up and down) as part of their Fuel Cell Hybrid that was available for ride and drive.  The Honda engineer (hopefully we understood each other correctly... I am a little doubtful) told me it was not a Panasonic but a Honda-manufactured device.  So, clearly, some major players in the automotive scene are for now bearing out this idea of Mr. Smith's, that Capacitors can play a role in significant Fuel Cell and consumer automotive applications.  How Honda's chemistry compares to Maxwell's, I do not know.  

Sixth, I note that in doing the article on a fire that occurred with a DaimlerChrysler GEM, I saw how some in the mainstream media will, inevitably, react to fires and other problems that arise with new alt-fuel technology being put on the road.  Sometimes their stories will be oversimplified or even downright false.

I thought then, as I think now, that it is extremely important that we take seriously any concern about the safety of any new auto technologies (from Hydrogen to Batteries, from manufacturing environmental runoff to the safety of two wheel motorized vehicle operation, to life-threatening fire hazards), and exercise Precautionary Principles that might not have been exercised as wisely in past efforts to change our technology. 

At the same time, I want to try to avoid an oversimplified or inaccurate portrayal of new technology safety pros-and-cons to readers, and I want to avoid the out-of-hand dismissal of promising new technologies that detractors will attempt the first time they are able to identify any alleged concerns or problems.  

So I'll present things in this sort of “initial” way, and encourage readers to understand the context,... of my own limited resources for further research, and of the need (in my view) to balance legitimate enlightened Precautionary Principle efforts versus the need (in my view) to avoid dismissing potentially good ideas out-of-hand.
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