Discussion with: Tim Tracey, Engineer, Ballard Fuel Cells

Subject: Ballard Methanol-Reforming H2 Fuel Cell Bus, And Related Topics

Edited Transcription and Summarization

Date: Approximately November 17, 2003

Location: EVS-20, Long Beach, CA

By Josh Landess

EVWorld.com readers please note: There was a very loud racket in the background throughout most of this interview.  The noise was produced by the bus itself, mostly as it idled and we stood outside.  This noise made the transcription difficult, but also provides a lesson in the loud noise that can accompany some fuel cell vehicles and their compressors and related equipment.  This racket is also why the sound file is basically not worth providing, so I will do the best I can to set things to printed word.
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EVW: You guys are mostly doing Hydrogen these days.  Why are you doing methanol with this bus?

TT:
We’re using methanol on this one.  This is when we were still doing fuel reforming.   Ballard dumped fuel reforming about two months ago.  Basically before that they built this vehicle, the NECAR 3 and the NECAR 5.  Same thing, only it was running on methanol fuel.  They just decided that the methanol reforming group wasn’t worth keeping on board anymore.  They’re not making stacks to support it.  These are actually older fuel cells stacks that were built to run on methanol.  They’re not doing any stacks, so it doesn't make any sense to do any fuel reforming; they're not making stacks for them. (inaudible).

EVW:
What is that racket?

TT:
What you’re hearing is the battery sound, there’s a set of fans that run in here.  There’s forty-six.  This a hybrid system so we actually run batteries, we do that for regen energy capture, and also for the methanol system you have a bit of a transient response.  (inaudible).  So that’s why you run a battery pack...(inaudible).  This system is actually the same system as used on a diesel hybrid.  BAE Systems makes them. 

EVW:
What type of battery is it?

TT:
They’re just standard Lead-Acid.  The reason for that is that they can, with the charge, with the management they have on them, they actually last an extremely long time.  We don’t over voltage them; we don’t under voltage them.  Traditionally they say well lead acids are bad batteries to have on electric vehicles.  They’re not poor as long as you monitor what they’re doing.  We can tell out of the forty-six what’s the lowest voltage cell; we run an equalizing system that actually makes sure you don’t have a really high battery on one end, and low on the other.  So you've got (inaudible) current fluctuations.  These battery packs; on average we get about three years out of them.  With lead acid, and they’re extremely cheap to replace.

EVW: Right now if somebody asks you to make a hydrogen fuel cell bus…you can do that?

TT:
We actually have a program in Europe right now we’re delivering thirty next-generation hydrogen buses.  The hydrogen buses that we’re delivering in Europe do not have the battery packs to power on demand.  The beauty of hydrogen is it has a much faster transient response.  The newer buses will have a much larger fuel cell.  The fuel cell on this bus is only capable of a gross output of a hundred and twenty kilowatts.  The newer buses that’ll be in Europe, I don’t have an exact number because I’m not on that program, but they’re well over two hundred kilowatts.

EVW:
What kind of range do you get out of the bus?

TT:
That’s why we stuck with liquid fuel on this one.  You get about three hundred and fifty miles out of a hundred and forty gallons of methanol.  Compared to hydrogen buses, I’m not quoting any particular bus but on average your hydrogen vehicles are lucky if they get a hundred and fifty to two hundred miles.  These cars run much smaller power plants, with the hydrogen tanks, they’re lucky if they get a hundred to a hundred and fifty miles.  That's kind of how the industry works.  

EVW:
I thought it was that but some of them were making claims of a hundred and fifty to two hundred miles in a fuel cell hybrid.

TT:
(inaudible) without running transients, if you do the calculations, yes you can stay at a certain power output level.  In a laboratory, yes.  But when you’re transienting and you’re coming from stop to start, stop to start, that’s when you really start to see.  Just like in an automobile, you’re going to have over-(inaudible), when you put more hydrogen into the system than you need in order to get you up to the high power quickly.  

[At this point the bus trip started, with another Ballard representative driving, and several other people on the bus.]

TT:
The reason that people aren’t doing methanol buses anymore is because they’re extremely complicated.  We run probably three times the amount of sensor input, controls, than a standard hydrogen bus.  If you were to take everything from this level here down and replace it with tanks, you’d have a hydrogen bus. .... Pretty much everything from here down would be hydrogen tanks on this bus, the fuel cells are actually this box here on the top, the very small unit, they’re six Ballard mark VII stacks that are in there.  They require very little space, like I say they’re only a hundred and twenty kilowatts of output.  This here is a fuel reformer, and this here is also a fuel reformer.  We run two small reformers, running in parallel in order to create our hydrogen. 

-------------------------------

The methanol tank is a standard tank used in a diesel bus; the difference is that it's made with stainless steel, so the methanol doesn't corrode it.  He said that they pump the methanol with some water, inject it into a reformer, breaks it down into CO2 and Hydrogen.  Another reason you tend not to see Methanol busses, Tim said, is that you do create CO2, which means that it's not true zero emissions.  You're using Hydrocarbon fuel, although the emissions do not include a lot of the bad ones such as NOx, CO, particulate matter.  

I suggested using biomass or biowaste to make methane or methanol, which would add to the “net zero emissions” argument for the bus.  I also mentioned that some of the companies I've heard are working such things are Canadian, so you could sort of have a Canadian biomass powered environmentally friendly fuel cell bus.

Tim responded that he knew of experiments to make methanol from biomass, but that right now methanol is made from natural gas because it's extremely cheap to do it that way.  

------------------------------

TT:
This one is actually really neat; we run a bunch of visual displays in order to see what the fuel cell is doing.  The other cars don’t really tend to show you that kind of stuff.  Basically this red line is the power that the vehicle is asking for.   This blue line sitting underneath is the actual power that I’m giving it.  These are the actual fuel cells themselves, at Ballard we actually monitor every single cell in the stack.  We have six stacks, which means we have a hundred and thirty two cells.  The reason we do that is mainly safety, make sure that we don’t have any cells drop out, we don’t have anything such as a cell reversal which could actually be a dangerous condition that could even cause a hydrogen explosion.  Like I say we’re one of the few companies that actually monitor every cell for that reason.  

EVW:
And you say you’re delivering some hydrogen power buses where?

TT:
All over Europe.  There’s thirty of them we’ve got I believe two in Spain currently.

EVW:
Any in Iceland?

TT:
... That's a really harsh climate.  The one drawback or the one difficulty with all hydrogen, all PEM fuel cells, has been freeze-ability.  You have a unit that’s creating water, so there’s all sorts of algorithms you can create in order to try to get rid of that water, to blow it out, just basically get it so you can freeze it.  And even with the best control efforts, it’s still very difficult to get them completely dry every night, [and then restart] in the morning.  The membranes that they're made of don’t really like to be dried out.   They actually develop internal stresses.  ...

EVW:
Is any of this [acceleration of the bus as we rode along] coming from the lead acid batteries?

TT:
Yes.  The system actually does two things.  We can pull energy from the lead acid batteries if you want more surge energy for acceleration, and also [fill those batteries] when we hit the brakes when we come to a stop light.  The management system from BAE Systems determines how much current goes to the batteries and how much current goes to the actual motor.  All we are is strictly a current [manager].  You want power, we say, “Okay we can give you power”.  That’s all we do.  The rest is all their own software controls.  They look at the state of the batteries, they look at the speed of vehicle, they look at the current draw necessary for the motor to accelerate.

EVW: 
So, from a business standpoint, it sounds like you're working closely with BAE systems on this particular type of thing?

TT:
This project was definitely developed with BAE systems.  It's not ...for most of our drive systems in our smaller form, ... like the fuel cell vehicles, you see the Daimler vehicle ... the ones that Ballard supported .... the drive that we use was actually developed in our Dearborn facility, the Ecostar Electric Drive, but it's for smaller applications.  I don't think we actually have anything else going on with BAE systems in the heavy-duty realm, like this project.

EVW:
Given the work you’ve done with Daimler, I imagine they must have some sort of in-house bus technology?

TT:
Yes, the buses that we're running in Europe, I believe they run on a Daimler chassis.  It's called a P-5 Bus.  There's a lot of information on the Ballard website, I’m not the authority on that program.  [....] Those buses have a Daimler chassis, Rueland  [we thought maybe this was the right spelling] Electric drive, ... (inaudible).  

------------------

Tim explained that he's a support engineer who is one of the few guys that still knows Methanol Reform systems, which is one of the reasons he was assigned to the task of giving information on this older-system bus.

- Further Methanol questions: Even though the fuel for the bus is methanol, it is not a DMFC (Direct Methanol Fuel cell) system.  The bus that we were on was running reformers to change methanol to Hydrogen, and then using PEM.  I asked, because we were already using methanol fuel on this older-bus, whether Ballard had looked into making DMFC fuel cells.  

------------------

TT: I don't believe that that's the route that Ballard wants to go.  I believe they're committed to Hydrogen PEMs at this point.  It's what they've always done best.  They're going to stick with their core competency at this point.  

The one problem with DMFCs, we've been finding in industry and just in research in general, is that when you want a very heavy current draw very quickly it’s very difficult to size them to extremely high volumes.  If you go inside, the Vectrix scooter guys have an interesting little (DMFC) fuel cell, and it puts out a maximum of six hundred watts I believe.  With just the volume alone of that system we can create about twenty-five kilowatts.  So, from an OEM standpoint, just for automotive, [inaudible: 'you want to keep the volume under control'?]  Direct Methanol has a long way to go.

EVW:
That’s a really interesting explanation.  That’s good.  

[ed. Note: some of this recording was a little inaudible, and I'm not sure precisely what he meant by 'volume' and what would make the DMFC hard to implement in an OEM car, except I am assuming he meant it would be hard to generate sufficient power when needed.]

TT: 
On the Vectrix, ... they're just using a trickle charger to complement a battery system.  They just leave it steady-state at .6 kW and let it trickle-charge batteries.  So, with their system, the way it's set up, with the batteries they can get 2 hours of run-time.  With the fuel cell trickle-charging, they can get four hours of run-time out of it before they have to stop and re-charge.

----------------------

Tim remarked that he started with Excellsis, (Ford, DaimlerChrysler and Ballard), in Southern California.

----------------------

TT:  ...We can fill this bus extremely quickly, and the liquid fuel doesn’t require any structure change.

EVW:
I have mixed feelings about Methanol but I really like it for the original reason you described.  Which is the range, the energy density of liquid fuels, the fact that it’s a fuel at liquid at room temperature.  

TT:
You can pump it with standard equipment.

EVW:
What did you just say though is the reason that you like it?

TT:
Well, the other thing is actually with transit, especially in the bus realm, to fill hydrogen tanks up to five thousand PSI,  it can take tens of minutes to hours depending on the system you’re using.  When you’re in a transit property, especially like Manhattan, if it takes more than four minutes to fill the bus, they start lining up around the block.  So transit properties, they really want a fast fueling option, also you can use existing infrastructure, you can use tanker trucks, you can use the same pumps you use for diesel fuel,  you could literally take all the tanks they use for diesel in the world, wash them out with methanol and they’d be suitable for methanol use after that.  The plumbing equipment all works.  All the pumps, all the fuel pumps.  Actually I’ll show you the tank here.  The best way to really explain is to really see it.  Like I say this tank is no different in any structural way, any filling way, than a standard diesel tank that you would find on a Enova bus.  These are all off the shelf production nozzles, the only thing we do is like I say we build it out of stainless steel instead of carbon steel.  [inaudible This fast fuel system?] was actually developed for diesel, like I say we use the same nozzles and the same pumps as diesels.

EVW:
Any views on ethanol as a potential fuel cell fuel?

TT:
Ethanol’s still more difficult because of its chemical structure.  Ethanol has a carbon double bond in it.  Basically it’s like gasoline, it's going to require, because of that ionic bond that it has, basically it takes more heat in the reforming process.  This [methanol] is a low temperature steam reform, it only requires about two hundred and fifty degrees [temperature scale? Inaudible] to reform.  Whereas you look at when you reform gasoline, diesel, ethanol you’re up to over twice that temperature.  It makes the system less efficient because you have to maintain such a high heat level in an ambient atmosphere where it’s trying to rob all that heat back out of it.  

Plus, also, the higher temperature the reforming process, usually the longer it takes to actually get the reformer to come online.  Because you’ve got to heat the system up, you’re using batteries, [inaudible? “off the wall power”?], to heat the reformer up to the point where it’ll actually start reforming the fuel that you put into it.  This is another issue.  

That’s one of the downfalls of methanol systems.  Even the best methanol systems that we created at Excellsis and Ballard, the fastest startup would be, you’d get about twenty percent power in fifteen minutes.  This vehicle, with its size, requires over an hour from fully cold to startup.  Now if we were to shut down right now, with our reformers and activated online we could start back up [(inaudible) “in a few minutes”?].

EVW:
Theoretically, putting aside efficiencies, you could build a fuel cell powered bus that could say operate on biodiesel or diesel or gasoline?

TT:
The catalyst technology is there, the system technology.  People have done it.  Is Nuvera the ones that are working on gasoline reforming?  There’s a whole bunch of different laboratories that have looked into fuel reforming.  GM for awhile they were going to do gasoline reforming.  The idea being they were going to use a very abundant fuel.

EVW:
I’m a fan of biodiesel, which is why I’m always on it, or vegetable oil or whatever.  Or ethanol, and I haven’t been able to talk to a fuel cell guy about what it will take to use the biofuels in fuel cells.  It sounds like you’d be throwing away a lot of the efficiency gains that you gain by moving away from Carnot Cycle Inefficiencies.  

TT:
You’re also getting your fuel now from an organic source, which puts it in a whole different realm of efficiency.  If you’re not pumping it out of the ground, it’s a whole different story.

EVW:
I guess I just want to nail down that it can be done, and then from there I can work on efficiency.

TT:
If you can reform diesel I don’t see why you couldn’t reform biodiesel, I do not know the exact chemical makeup of the biological component of biodiesel. I know that bio-diesel runs a very small percentage of actual bio-fuel in it, I believe about fifteen percent.

EVW:
Well there’s different mixtures.  There’s something called B20, which I’ve seen a little bit around.  Twenty percent of a bio-component.  There’s also B100, which is a hundred percent renewable fuel, there’s no petroleum diesel in it.

TT:
Is there actually a vehicle that can run on B100?

EVW:
Oh, diesel engines with little or no modification I’m told, but I’m not an expert on it.  You have to talk the fanatics.  You can definitely buy, say, an old say VW diesel engine car, go into your back yard, take entirely a hundred percent bio components, whip them up.  Say, restaurant grease or something, and run your car.  You can also do it on straight vegetable oil.  That's a different school of thought.  All these are a hundred percent bio, not just you know fifteen percent as they say, although that’s also something that’s done.  I don’t want to take up your whole day.

TT: 
No, no that’s all right.  I love to talk to people who are interested believe me.

EVW: I’m really into that particular thing because of the renewable aspect, and sustainable aspect.  But those of the people I’ve met who are really, really, really knowledgeable about making their own biodiesel in their back yards and that sort of thing.  I don’t think we have had too many answers from the fuel cell cutting edge people yet about whether or not you can use it in theirs.

TT: 
Given the chemical makeup....  Hydrocarbons are simple.  Ethanol, methanol: they're just carbon, hydrogen, oxygen: that's it.  And so, if biofuels have a very similar organic carbon-hydrogen type structure, I don't see why you couldn't reform it.

TT:
I think biodiesel is called a fatty methyl esther.

EVW:
Now the esther.  If there’s an esther, that could be part of the issue.  They’re usually very damaging to catalysts.  Chloride, sulfide, esthers, any type of aromatic hydrocarbons.  From my understanding.  I’m not a fuel processing expert as far as catalysts go.  There are people out there, and I’m sure there are people that have tried it.  The National Automotive Center, they’re doing a diesel reforming project.  ... They would probably know someone who was (inaudible), or someone who’s tried it with biodiesel.

EVW:
Well, as you say you guys are the hydrogen PEM core competency people, so once somebody gives you the hydrogen to run a PEM fuel cell, what kind of efficiency can you get up to?

TT:
Depends on the stacks and I’m not an expert.  These are the old Mark VII stacks.  The actual efficiency of these stacks isn’t near what they were.  I mean, these probably tripled the energy density of the stacks since this generation.  Actual conversion efficiency, hydrogen conversion efficiency, we don’t actually have for this vehicle, and I’ll be darned if I can actually give you the number because with reformate you’re not putting pure hydrogen in.  You’re putting a component of CO2, of hydrogen.  Everything that comes through the reforming gets pushed through the stack.  

EVW:
I see.

TT:
The old Mark VII stack.  These are a reformate specific stack.  I’m sure that the numbers are out there.  They’re probably upwards of forty- percent conversion efficiency.  Well, actually I would say probably a lot more than that.  Because you’re looking at hydrogen to electricity, I'd say you’re looking at over eighty percent.  Because if you look at our circiometric (?) ratios that we tend to run, we don’t put a lot of excess hydrogen in the stacks.  I can’t give you those numbers, obviously, -- it’s protected intellectual property -- but in our leanest running condition at a steady state I would say we’re at well over eighty percent conversion efficiency.  

EVW:
That seems pretty amazing.  Forty percent is not a number worth abandoning the ICE engine, (although I take those numbers with a grain of salt until I really look at them)but eighty percent is.

TT:
And that’s if you’re looking at a [inaudible ?”steady state point”], where the fuel cells are running, are dialed in, where they get just enough hydrogen, just enough oxygen… 

EVW: 
Everything at optimal efficiency....?

TT: 
And that’s an ideal condition that we all want it to be, but when it comes to running these things in the real world, like I say, when you (inaudible).... when you put more Hydrogen in to allow the current draw....  

Say you want to get more power out, you can’t just say ....it’s not a ton, but you actually will put on average, the majority of control (inaudible).... they will put more hydrogen in than they need as they make a transient up.  

Transients are the very difficult part of fuel cells.  When PEM fuel cells started coming out, they were originally going to run them all at a steady state.  That's how they thought.  They were all going to be hybrids.  The fuel cells were going to run at two or three (inaudible) points.  Now we’ve gotten control (inaudible) the compressors, and it’s a different type of fuel cells to the point where you can ….

EVW:
When you say transients you mean?

TT:
0 kW output to 4 kW output.  

EVW:
Increases or decreases in power requirements?

TT:
In actual power draw.  And a fuel cell is a current device.  People say it’s a power device.  Not really.  The voltage-current relationship the voltages are more or less built into the mechanical device based on the actual cell itself, how many you have in a stack.

EVW:
So it’s a what device did you say?

TT:
Is’ a current device.  Hydrogen in a fuel cell directly equates to current out.... amperage out.

EVW:
Okay.

TT:
So from zero to two hundred amps.

EVW:
I’m ashamed to say that I will never get that stuff.  Amps, I shouldn’t record my own comments but.  

TT:
But basically you know (inaudible).  Our fuel cells…

EVW:
Well I’m used to talking to people about kilowatts, and then when they start talking about amps I get a little confused and I wonder perhaps maybe you could give me a way to think of that?

TT:
If you look at most fuel cell systems, they run at a voltage rate, they run like on average we like to run between three hundred and thirty and three hundred volts.  That’s a pretty close range considering we only fluctuate by say ten percent maximum.  


EVW:
So it’s about like a high voltage, EV.

TT:
Mm-hmm.  So basically the reason for that is the fuel cells want to stay at a certain voltage, usually between a quarter, the actual single cell and a stack (inaudible) between about three quarters of a volt and a full volt depending on the amount of amperage that’s being pulled out of it.  They do what they call a polarization curve which is voltage verses the current output.  The voltage is a relatively constant over a current range, so if the voltage is always constant, when you put hydrogen in the only thing you’re really changing is the amperage.  Amperage times voltage equals total power.  

So, people say well the power changes if you add more hydrogen; that’s not the case.  It’s the actual amperage changes from the voltage relatively stays a pretty predictable range.  It’s kind of six in one hand, half dozen in the other.  If you say you put more hydrogen in you get more power out that’s almost (inaudible).

