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Expert Call: Electric Vehicle Batteries 
Sowing the seeds of an energy revolution 
 

EV demand driven by regulation not consumers; bullish on battery cost decline 
We hosted a call with Robert Feldmaier, ex-Chief Engineer of the Tesla Model S. He 
sees EV demand as largely driven by regulations not consumers, and believes that based 
on current CAFE standards ~30% of vehicles will need some form of electrification 
long-term (~3% now). These penetration levels are also consistent with EU targets of 
95gr of CO2 emissions by 2020. However, the CAFE rules will be re-assessed in 2017, 
and this could significantly impact the demand outlook. Robert sees the current 4- 
5%/year reduction in battery costs as sustainable and views the US Advanced Battery 
Consortium’s (USABC) target of $200/kWh as achievable. 

Battery chemistry still evolving; Fuel cells distribution challenge 
Though lithium ion is the most promising today, over time other chemistries could win 
out. He noted that lithium sulphur, lithium-air, and solid state batteries all have similar 
characteristics with lithium ion. He is cautious on the infrastructure cost of fuel cells as 
a hydrogen station would cost over $1m (vs. just thousands for EV charging stations). 

Tesla read-throughs: Chemical partnerships not out of the question 
He thinks that Tesla will be able to launch its Gen 3 vehicle at a base price in the mid-
$30k range; however, part of the cost reduction will come from using a smaller battery 
pack, which lowers range. Battery chemistry may change in time; the initial selection 
was largely driven by availability. Battery re-use and use extension into renewable 
energy and in particular could be significant game changer for utilities and solar 
markets. Lastly, he did see an opportunity in stationary storage, though said that these 
batteries may require a different chemistry. Given Tesla’s limited battery component 
know how, he believes they are likely to work with partners in the medium term on its 
Gigafactory, creating opportunities for battery material producers 

Chemical companies best exposed to the battery materials fundamentals 
Umicore for Cathode Materials, Hitachi Chemical for Anode Materials, Solvay, Asahi 
Kasei & Arkema for separators, Ube for Electrolytes, LG Chemical for electrolytes and 
battery assembly, BASF, Johnson Matthey and Clariant for future battery technologies.. 
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The following is a transcript, edited for clarity, of the conference call we hosted 
with Robert Feldmaier, ex Chief Engineer of the Tesla Model S. 

Electric cars dominated the auto industry at the 
turn of the 20th century 
In the 1890s, electric cars dominated the global market. That was the very early 
formative years of the auto industry. Gas was used, and steam as well.  

But by 1905, gasoline cars made up 86% of the market. Electric cars had 7%; 
steam, 7%. Why? First, gasoline was very cheap and readily available. And the cost 
of electricity at that time was high. That has changed over time. Today, gasoline is 
more expensive and electricity less expensive. The electrical industry was very 
fragmented and from my perspective, I think, it still is.   

Electric vehicles used lead-acid batteries and had a fairly short range (40 miles), but 
they were still better than steam (10-15miles). Gasoline cars had to make frequent 
stops for water at the beginning because they didn’t have closed cooling systems. 
People didn’t like gasoline cars because they were noisy, smelly, and hard to start. 
You had to hand-crank them. 

But one big thing changed that, and that was the electric starter. And the other 
thing was a Model T, which was a gasoline engine that then went with an 
assembly line, got the cost down so that normal people could start to buy cars, 
and then gasoline predominated.   

Evolution of battery technologies 
Lead-acids are the only battery that was commonly used for a long time.   

Back in the 1980’s, there was work on nickel cadmium batteries and then nickel-
metal hydrides. Nickel-metal hydrides actually came into real commercialization 
more in the late 1990’s. And they offered about twice the energy of lead-acids.  
So that was a significant improvement. Then people were playing with zinc air. 
What’s really happened more recently in the last 10 years or so is the lithium-ion 
battery, which again doubled the energy from nickel-metal hydrides.   

The big question from batteries is what’s next, what will be the next battery 
chemistry beyond lithium-ions. Quite frankly, that question is not yet answered.   

Today, the electric vehicle market is small but 
growing fast 
Electric vehicle sales continue to grow, but it’s still a very small fraction of sales in 
North America. This is also true in Europe in that they have fairly low sales volume. 
Hybrid vehicles have been picking up a little bit of interest, but they’re still only at 
around 3 percent of total new vehicles sales.   

What I’m seeing happening in the future on this is that the pure battery electric 
vehicles are still going to remain a niche market. It’s going to be a low percent, 
something in the couple percent range. But from what I am hearing from the auto 
companies is that some type of electrified vehicle, a hybrid, could be in the 30% 
range in order to meet regulatory requirements. 

Electric cars are not a new 
phenomenon 

Gasoline was adopted due to 
lower cost and significantly 
greater driving range 

Hybrids could be 30% of the 
market in the future 
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And that’s the thing that everyone needs to be aware of. The basic thing to 
understand is that electric vehicles are not being consumer-driven. It’s really 
regulatory-driven. It’s really fuel economy in the U.S., emissions in Europe. In 
California, it’s the zero emission standard. 

There has not been a huge explosion in sales of electric vehicles. But in order for 
the companies to meet these new regulatory requirements, they are going to have 
to do a lot more electrified vehicles. And this is where it gets a little tricky trying to 
predict well how many.   

The auto companies have a lot of different levers to pull. They are downsizing 
engines or turbo-charging. They’re going to eight- and nine-speed automatics, 
aerodynamics downsizing, weight reductions – all kinds of things are being done 
to meet these regulations. Electrification tends to be an expensive way of getting 
there. It’s also a very productive way because it gets you very large increases in 
miles per gallon, but it does come at a cost.  

There are some conferences that I’ve gone to where a Chrysler and a Ford 
Powertrain executive both said the same thing, that they are not going to know 
until they get up to 2017 what the real percent [of cost reduction] is going to be, 
and it’s going to be based upon what other kind of improvements they get.   

What’s the issue with electric vehicles and its 
energy storage?   
When you look at the energy that you can put on board with batteries and electric 
vehicles, it’s a lot less than gasoline. So that’s the basic problem, and it’s just 
physics that you’re dealing with. And then you have storage considerations for 
batteries looking at safety, durability, specific energy, specific power and cost.   

There are a many different kinds of electrified vehicles. There is something called a 
mild hybrid, which is basically a stop-start system. These are starting to become 
very popular in Europe, and they’re starting to gain a little bit of traction. I think 
you’re going to be seeing a lot more of them in the US.   

A parallel hybrid system is one where you operate the vehicle with both the 
gasoline engine and electric drive. You can typically drive these vehicles for short 
distances at low speeds and in pure battery electric mode. And as you increase 
your speed or discharge the battery, the motor kicks on and you’re driving with 
both the motor and the engine. That’s why it’s called a parallel system.   

Some of the vehicles had a single mode previously. And there have been a number 
of two-mode systems where you have two motors – one that operates at low 
speeds, and another at high speeds. These two-mode systems give you fuel 
economy improvement and higher speeds [versus single mode systems].  

And there’s a series hybrid where you’re driving all the time through the electric 
drivetrain, but there’s also a gasoline engine on board to recharge the batteries. 
The gasoline engine basically serves as a generator. But it still feels like you’re 
driving an electric vehicle because you’re driving through the electric drivetrain.   

And then there’s something called a BEV, which is a full battery electric. There’s no 
gasoline engine.  It’s electric only.   

The market for EV is regulatory-
driven, not consumer driven   

Auto companies have different 
levers to pull to meet new 
regulatory requirements 
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What’s important about these different electrifications is that they drive different 
kinds of battery requirements. For a stop-start, you usually put regenerative 
braking in, and therefore you’re looking for a battery that has some high power to 
it but low cost.   

When you go to the parallel hybrid, you’re looking at high power, high efficiency, 
and long cycle life at a shallow depth of discharge. Those vehicles tend to operate 
on a depth of discharge ranging in the 40% to 60% range.   

Nickel-metal hydrides are predominantly used here, and they work pretty well for 
parallel hybrids. So you will probably continue to see some of these parallel hybrids 
with nickel-metal hydrides. A lithium-ion battery gives you the opportunity for 
weight savings and improved space utilization because the volume of the battery is 
smaller.   

And then for plug-in hybrids you want to have high specific energy, but also with a 
reasonably high-power level. Some of this depends upon how much range you’re 
trying to get in a pure electric, so that’s something the car company has to set as a 
functional objective as they’re designing the vehicle.   

Pure battery electric vehicles require high specific energy and moderate power.  
The specific energy is important in order to get the maximum range out of the 
vehicle. With the electric motor you already get good power and performance, so 
the power of the battery is not as important.   

Managing the trade-off between power, energy, 
and life/cost 
The conundrum that you’re dealing with is to try to find the sweet spot in the 
trade-off between power, energy, and battery life and cost. 

The dilemma: 

 Things done to optimise power will generally decrease energy, and vice versa; 

 Things done to optimise power or energy will generally sacrifice cycle life; 

 Things done to optimise power or energy will generally increase cell cost. 

So there are balances and trade-offs that you have to look at as you decide on 
your battery chemistry and other design considerations. That’s the reason why 
there aren’t necessarily winners and losers in the different kinds of battery 
chemistries that are out there.  

What you have to then also realize is that there are different things going on with 
the batteries from a value chain standpoint. 

 

Energy storage requirements are 
a function of end vehicle 
performance requirements 
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Figure 1: The 7-step electric battery value chain 

 
Source:  UBS Chemicals & Autos Expert Conference Call Slides, 02 July 2014. Slide material prepared by Bob Feldmaier. 

There’s something called the form factor of the battery, which is basically the size 
of the battery per unit output. And there are different configurations you can 
make the cells, from cylindrical to prismatic.   

Looking at the whole production starting with components that you make and 
then making a cell, the cells are usually then made into modules as modules go 
into a pack, which also includes your battery management system, and cooling, 
and so forth. You have to integrate that into the vehicle, you have the lifetime use 
of it, and ultimately, the batteries need to be recycled.   

There’s a lot of battery research going on, a lot of patents being filed, and all kinds 
of optimization on lithium chemistries. My feeling is that ultimately somebody is 
going to invent a new chemistry beyond lithium. If you look at what’s happened 
from lead-acids to nickel-metal hydrides to lithium, there is a possibility for a new 
battery chemistry to come about that will surpass lithium at some point in the 
future.   

From a whole value chain standpoint of how automakers build their battery packs, 
will they buy complete packs; will they buy modules or buy cells? Different 
companies are doing that in different ways.   

My long term prediction is that a lot of companies will end up buying modules and 
build the packs themselves because the battery pack is a very large item. It’s very 
expensive to ship. And as volumes increase, I think they’re going to find the 
economies of scale are to actually build a battery pack in their own assembly 
plants. That’s what the Chevy Volt does now, and that’s my prediction on where 
things will end up in terms of the best way to build a battery.   

Then looking at the different kinds of batteries – I want to qualify that I am not a 
battery expert, I’m a car guy. But having worked around electric vehicles for 20 
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years, I’ve picked up a fair amount of knowledge about batteries and different 
kinds and so forth.   

First of all, looking at how you build the cell itself.  

There’s a bobbin cell, which is basically the type of battery that you use for a lot of 
consumer electronics. Bobbin cell production is a very highly automated process, 
which helps reduce the cost. It has a high energy density and a pretty high ratio of 
active to inactive materials. It’s relatively low power due to the limited electrode 
interface area, but it also has low self-discharge, which is very important for the 
longevity of the battery.   

As an aside, lithium-ion batteries are very good for not having memory effects. 
That was one of the big problems with nickel-cadmium batteries that have made 
them fall out of favour.   

Cylindrical cells have high-speed manufacturing capability. They have automated 
winders and assembly equipment, very good mechanical strength that helps with 
internal pressures, and low cost sealing. But cylindrical cells have poor thermal 
characteristics. Auto companies tend not to like thermal events in their batteries. 
Also, the cylindrical shape is not really optimal for packing density because you 
have a lot of airspace in between.   

One of the other battery shapes that have been looked at is sort of flat-wound. 
They’re also called prismatic. They have the ability of being manufactured with 
high speed processors in winders, have good thermal characteristics, and you have 
the opportunity of packing these tighter into the module for better packaging 
efficiency. On the downsides though it does require some fairly expensive laser 
welding equipment and some glass ceramic cells.   

Types of lithium ion battery technologies 
There are multiple types of lithium-ion technology, each with different kinds of 
pros and cons.  Examples of lithium chemistry include:  

 Lithium Nickel Cobalt Aluminium (LiNCA) 

 Lithium Nickel Manganese (LiNMc) 

 Lithium Manganese Spiral (LiLMO) 

 Lithium Titanate (LiLFP) 

 Lithium Iron Phosphate (LiLFP) 

The last one is the battery that’s used a lot in consumer electronics.   

[Figure 2] shows you what some of those different trade-offs are as you’re 
selecting a battery based on the key performance characteristics of specific energy, 
specific power safety performance, lifespan, and cost. As you can see, there isn’t 
any one battery that says – wow, this is it. It’s the best in all categories. You have 
different trade-offs that you have to make.   

No one battery chemistry 
dominates the market 
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Figure 2: Battery technologies – several options available with varying capabilities 

 
Source:  UBS Chemicals & Autos Expert Conference Call Slides, 02 July 2014. Slide material prepared by Bob Feldmaier.  

As you’re designing a car, you have to make a consideration on is what’s most 
important to you.  Is it safety? Is it cost? Is it life? Is it specific energy? And look at 
the trade-offs of those.   

Some aspects, particularly the safety aspect, are important because of thermal 
events. Some of the batteries that are very good for safety are actually just using 
an air-cooled system thereby reducing cost for the total system. Other batteries 
that are a little more thermally challenged use liquid cooling systems. But going 
from an air-cooled to a liquid-cooled system add some cost to the total battery 
system within the battery pack. So again engineers have to think about trade-offs 
in battery selection.   

Today, lithium-ion, lithium cobalt oxide (LiCoO2) chemistry continues to dominate 
the market place because that’s the battery that’s used in handhelds, and that’s 
still the largest use of batteries.   

There has been a lot of stuff out in the media with issues on safety. There is the 
Boeing 787 that had an incident that got a lot of media coverage. And a number 
of years ago, there were some laptops that were catching on fire. So the safety 
thing is a big consideration and one that’s gotten some media play. That’s one 
that’s gotten some play with Tesla as well from a couple of accident situations. 
These have been accidents, so not from normal use situations.   

Opportunities for improvements in batteries 
The cathodes, I think, offer probably the biggest opportunity for improvement.  
There are some concerns over the life cycle and temperature stability of lithium 
manganese, but they do offer very low cost. Nickel manganese cobalt is becoming 
fairly popular. And it has mixed oxides of nickel, manganese, and cobalt.   

Cathodes offer the biggest 
opportunity for improvement 
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There’s some tailoring that you can do with that chemistry to do some trade-offs 
between energy, power, and safety.  

One that’s been getting a lot of interest recently is lithium iron phosphate. It’s got 
some improved safety to it. It offers the potential of some lower cost, but it’s not a 
good conductor and there are some additives or nanotechnology that’s used, and 
it’s really the nanotechnology part of that that probably offers a lot of opportunity 
yet in this area for improved performance. But it does have a little bit lower voltage 
per cell relative to nickel manganese cobalt.   

Figure 3: Continued development of high voltage cathode materials 

 
Source: UBS Chemicals & Autos Expert Conference Call Slides, 02 July 2014. Slide material prepared by Bob 
Feldmaier. 

[Figure 3] is a little graph that shows all the different chemistries that are being 
looked at and the potential from a voltage standpoint, a capacity standpoint, and 
then the type of electrolyte. It’s a rather busy chart, but it gives you a picture that 
there are all these different kinds of chemistries and each one again has some 
different trade-offs on performance as you’re making those selections.   

Figure 4 looks at the different kinds of anodes that are available. There are a lot of 
anode developments that are going on.   

Tin is one that is starting to show some interest because of the low cost of tin. But 
the one that looks like it maybe has some better long-term opportunity is silicone. 
This is really more in the laboratory development stage, but it’s showing real 
promise for really improving some of the anode capacity. It will be interesting to 
see how that plays out as you get into more commercialization.   
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Figure 4: Anode developments 

 
Source:  UBS Chemicals & Autos Expert Conference Call Slides, 02 July 2014. Slide material prepared by Bob 
Feldmaier.  

You also have to consider the separator material in batteries. When you look at 
separators, what you use for some of the smaller batteries that are used in 
handhelds and consumer electronics are not necessarily the same choice that you 
use for the larger cylindrical or prismatic batteries. You have to look at what’s 
happening with the operating voltage and thermal profiles in operating 
environments that are very different in an electrical vehicle than it is on a consumer 
electronic device. The shut-down function may not operate exactly the same for 
large format cells either.   

One option that is being looked at is some of the ceramic composite materials 
such as Al2O3. Panasonic, LG Chemical and SDI use standard separators with 
subsequent alumina coating. LG Chemical has a reinforced separator that employs 
a thick ceramic coating. One of the things this does is to improve the kind of the 
function from a cell standpoint of puncture-resistance, shrinkage, and internal 
shorts. = Internal shorts are one of the things that can cause those thermal events 
that we don’t want to have happened.   

In electrolyte development, the move to a solid state electrolyte is gaining interest 
because this is then non-flammable. The challenge you have is trying to get 
sufficient ionic conductivity at moderate to low temperatures, which again is very 
important for vehicle operation. There is also work being done around ionic liquids 
(a.k.a., low temperature molten salts), which suffer from poor voltage stability and 
are cost prohibitive at the current state of development.  

Figure 5 is an overview of how some of the different battery chemistries stack up 
and how they compare to other alternatives.   
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Figure 5: How Batteries Stack Up – no battery can beat the energy density and power of petrol (gasoline) 

 
Source:  UBS Chemicals & Autos Expert Conference Call Slides, 02 July 2014. Slide material prepared by Bob Feldmaier. 

If you look at the bottom left, lead-acid to the nickel-metal hydride lithium-ion, as I 
mentioned earlier, each time there was a major battery chemistry change there 
were some very significant improvements. Within lithium-based batteries, there’s 
still a lot of opportunity as we are talking about solid state and there’s lithium 
sulphur and lithium air that are being looked at for future alternatives. So there’s 
still, I think, a lot of improved performance opportunities within the ‘general’ 
lithium type of batteries.   

There are super capacitors, which I don’t see at this point as being something that 
is going to be real big commercially with automotive use. Internal combustion 
engines are still way up there on the top right in the chart.   

Figure 6: Battery costs will decline 60 to 65% from 2009 to 2020 

 
Source:  UBS Chemicals & Autos Expert Conference Call Slides, 02 July 2014. Slide material prepared by Bob Feldmaier.  
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Looking at what’s going to happen – this [Figure 6] is actually a chart that I had 
from several years ago as I was starting to do some consulting work. It was about 
what was happening with battery cost and where it was predicted to go. And I’ve 
been finding that this is pretty much a trajectory we’ve been on.   

Battery cost is critical relative to getting the cost of electric vehicles down. From my 
observations of the industry, battery costs have typically been coming down in the 
neighbourhood of 4% or 5% per year. That’s been fairly constant and I don’t see 
anything that I think is going to change that trend.   

Some of the things that are causing that are manufacturing improvements with 
automation, the materials improvements we’ve been talking about, and then one 
is basic economics in that as you go to higher volume, you have a larger volume of 
products that you have to spread your fixed cost over. And one of the things you 
have to be very careful of if you’re looking at battery cost, there’s all kinds of cost 
information out there on cost comparisons. You have to know what you’re talking 
about at the cell level, at the module level or the pack level because they’re all very 
different from a dollar per kilowatt-hour standpoint.   

People are managing to get cells down into the maybe $350/kWh range. The 
USABC [U.S. Advanced Battery Consortium] is trying to get down to or under 
$200/kWh.   

If you project out the 4-5% per year long enough you would eventually get there. 
So it would be interesting to see how that ends up playing out over time. Will it be 
from the continuing improvements with lithium? Or will it be some major new 
battery chemistry that comes about that revolutionizes these things.   

Tesla 
The last topic I wanted to cover is one that everybody seems to have high interest 
in. I did work at Tesla. It was for about 10 months. I left Tesla because my job 
moved to California, and I elected to stay in Michigan. But Tesla is a very 
interesting company.   

It does a lot of things differently than a traditional automotive manufacturer. And 
what you have to almost think of is that Tesla is not just a car company, it’s kind of 
more of a technology company.   

Going back into history, Tesla first started producing the Roadster in 2008. And 
they wanted to revolutionize what people thought of electric vehicles. They had 
made a proper decision that, in order to get the range and performance they were 
looking for, they needed a lithium-ion battery.   

The only batteries that were available at that time, in any reasonable quantities, 
were the lithium-ion batteries that are used in laptops, the 18650 cell size. That’s 
the reason they decided to do that. It wasn’t that the cylindrical cells and prismatic 
weren’t OK, it’s just that they were not commercially available. And in order to get 
designs done, prototypes made and tested, they really had to make that decision 
back in about 2005. That’s what really drove the reason for going to that 
particular battery configuration.   

There are larger cell formats that are now available and there’s really no clear 
winner on that. From my perspective, I think some of the larger cell configurations 
actually probably offer better long-term use in the automobile. Part of this is 
looking at the number of cells that you have to put into a vehicle. There’s a lot of 

Battery cost is critical relative to 
getting the cost of electric 
vehicles down. 
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packaging materials that goes around those, and then all of the assembly that’s 
required to put a 1,000 of these little cells together. We’re still trying to find what 
the optimal form factor is.   

The decision to go to Panasonic happened after I was there, so I don’t know 
exactly what will happen, but I have to believe that Panasonic offered a very good 
deal.   

One of the other things that Tesla gets out of that is also very good consistency in 
the cell. Back when they did the Roadster, Tesla was buying cells from different 
Asian sources. Now that they have one cell all the time, there is less production 
variation. But I have to believe that Tesla is also studying other alternatives for the 
future. It’s a very technologically advanced company, and they’re not going to be 
standing still.   

From a historical standpoint, Tesla started out as more of an electric vehicle 
powertrain engineering company. They started developing electric powertrains and 
battery systems, and then decided to get into the car business. With the Roadster, 
they really didn’t do the car; Lotus did that as a kind of rolling chassis and they put 
the electric drivetrain and batteries in it.   

With the Model S, they realized they needed to do the vehicle build themselves. 
The reason car companies make their own cars, is that it’s a matter of economics. 
Buying a rolling chassis from somebody else, particularly shipping it from Europe all 
the way to California was not the least expensive way of building a car. So that 
was what drove the decision that Model S had to be built inside.   

And the success of the Model S is in part because it’s basically an incredible vehicle 
on its own regardless of the powertrain. It’s a very good-looking vehicle; it’s got 
very good space utilization; and has a lot of neat features, including the very large 
center stack. That was one of the things we were working on when I was there. It 
was a huge challenge trying to get that packaged in the vehicle, but it offers all 
kinds of features and interaction opportunities for the consumer, which again 
doesn’t have anything to do directly with being an electric vehicle. It was just 
something that’s very unique, and one that is getting very high marks from the 
people that are buying it, really liking it. It’s very intuitive to use. Again, coming 
out of Silicon Valley Company, it’s very advanced in that area.   

One of the design challenges we had with Model S was trying to figure out how to 
put that amount of batteries into the vehicle without compromising the utilization 
of the vehicle. That’s why the batteries are all packaged underneath, so there’s no 
intrusion into the passenger requirement. And actually the battery pack housing 
itself is used to do some of the structural integrity of the underbody of the vehicle.   

There’s been a lot of interest in what’s going on with this Giga Factory and why 
they are doing that. If you look at some of the stuff that Elon Musk has been 
talking about in the media for a while, if you project where Tesla wanted to be for 
sales volumes in the future, he was totally correct that they would become the 
largest consumer of these 18650 battery cells.   

And Tesla is a very vertically integrated company. They make their own electric 
drive-trains; they make their own battery packs. On the Model S they actually 
make most of their own stampings. They’re even doing some of their own 
injection moulding. For the size it is, it’s tremendously vertically integrated.   
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So if you look at what is important going forward, batteries are critical in terms of 
costs and ability to get supply volume. I believe that what’s driving the reason for 
doing the Giga Factory. What you have to also look at is that Tesla has not said 
exactly what kinds of batteries we’re going to make there.   

These would not necessarily have to be batteries for use in their vehicles. These 
could be batteries that they supply to other people or for other uses such as 
stationary storage. This is where Tesla has been doing some unique things.  
They’re putting in their own fast-charge stations. They have been talking about 
getting more involved in the recycling of batteries ultimately. Part of this is taking 
away reasons why you wouldn’t want an electric vehicle, but the other part of this 
is looking at the bigger picture as a technology company.   

One way of being totally green with electric vehicles is using wind and solar power 
rather than coal-fired electrical plants. But one of the more efficient ways of doing 
that then is with stationary storage at those wind and solar sites. Remember, Elon 
also has another company called SolarCity. What’s really an unknown is stationary 
storage. There’s a little bit of it happening, but there’s been actually more talk 
than action.   

As vehicles start to come to their end-of-life because it’s down to, say, 60 percent 
of its capacity, if you started off with something like a Nissan Leaf on a 100-mile 
range, you’re now down to 60 miles. You’re getting to the point where maybe the 
vehicle is not as usable for the customer. It still works, but maybe not to the point 
you need. And those batteries still have a lot of life left in them for other uses such 
as a stationary storage device.   

But there’s a lot of cost involved in dismantling those batteries and repurposing 
them. Is it actually going to be less expensive to do that or with battery costs 
coming down would it be less expensive just to put new batteries in? This is where 
the Giga Factory has another sales opportunity of providing batteries for stationary 
energy storage. So those are just some of the different things to think about in 
terms of where and how, you know, batteries could be playing out in the future. 

Selected Q&A 
Q. On [Figure 5] you have fuel cells approaching an internal combustion engine in 
terms of energy per unit mass. And Toyota seems to have been pretty vocal 
recently about moving in that direction. Could you tell us how that plays into this 
whole scheme?   

A. Yes, I can at least to some extent. I’ve never done any direct work on fuel cells, 
but obviously I watched what’s going on there. 

Fuel cells I think are a long ways off. There’s a joke within the industry that when 
do you think fuel cells will have come about. If you asked me 10 years ago, it was 
10 years. If you ask me now it’s 10 years, although maybe now it’s down to nine. 

There is still interest in fuel cells because they do offer some very interesting 
opportunities for the future, in terms of having much better energy that you can 
have on board, and using hydrogen as a fuel source. But one of the problems is 
hydrogen and the infrastructure that you need to put hydrogen fuelling stations in. 

Toyota is doing this as a demonstration fleet. That’s where we were with electric 
vehicles 20 years ago. People were doing demonstration fleets when I was at 
Chrysler doing its electric vehicle program. We were building electric minivans. We 

We are probably a long way off 
in fuel cells  
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started off with about 50 that we did on the old original minivan style and then 
switched to the later generation minivan and produced a couple of hundred of 
those in a demonstration fleet. The numbers that you’re looking at are small, so 
they are basically trying to get some exposure and figure out how these actually 
work. 

Toyota has not been big on going into full battery electric. They’re doing that on a 
limited basis. They have been saying they’re really interested in hybrids. So I think 
what you’re going to see in the short-term for actually meeting regulations, Toyota 
is going to be doing a lot of hybrids and are really playing with the fuel cell as a 
way of developing this, getting them ready for long-term.      

And remember, Toyota was really the first one to enter the market with hybrids. So 
I think they are putting some eggs in a long-term basket that maybe fuel cells are 
the way to go, but it’s going to be long-term. 

 

Q. We talked quite a lot about battery chemistries and the battery itself. To what 
extent do you see battery pack management systems or, for that matter, the 
electrical drivetrain having a big impact on the performance and the battery life?  

I know from a Tesla point of view, they talk a lot about their proprietary battery 
pack management system. How important is that versus just the nature of the 
battery itself? 

A. It is also extremely important. You can do a lot of optimizing of how much 
power you’re getting, how much range you’re getting and then what kind of life 
you get out of the batteries based on that battery management system. It is 
extremely important.  

And yes, Tesla has done an outstanding job with their battery management. 
Again, they’ve got some very sharp electronics people from Silicon Valley who are 
working on this. But all of the other auto companies have people who are pretty 
good at that too.   

You know, automobiles today are no longer mechanical systems. They are all 
electromechanical. Years ago, you used to have an engine controller and a 
transmission controller. Now, those are put into one. You have all kinds of 
different control modules that were within the body that are now all incorporated 
into one body control module. Auto companies have gotten very good on those 
control modules and that’s how they’re getting fuel economy improvements, by 
improving the combustion of the vehicle through electronic controls.   

Even if you look at turbocharging, people are now starting to add electric motors 
on turbochargers so you don’t get turbo lag, so you get the instant performance 
so that people will like the turbocharged smaller displacement engines.   

So electronics are still a very significant area both in terms of performance but also 
in terms of cost production. If you look at all of the control systems, the motor 
control system, battery system and so forth, if you look at what’s happened with 
consumer electronics, every time a new generation of parts comes out, they’re 
smaller, lighter and cheaper.   

The same thing happens with control modules in the automobile. As you get 
better at the electronic controls each time, the control modules get smaller, lighter 
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and cheaper. So that’s another area of cost reduction and performance 
improvement in the car that will be extremely important. 

 

Q. It appears that the battery costs for renewable storage are much higher than 
that for electrical vehicles. Is the difference in the capacity of the batteries or the 
lifetime? How do you think research on one area, or volumes produced for one 
market, could impact the cost for the second?   

A. Yes. It’s interesting to see how that plays out. The use of a battery in stationary 
storage is quite different than in the vehicle. So the battery that you select may be 
a totally different kind of battery. 

The lithium-ion offers very good performance and size and so forth but the lithium 
battery tends to still be expensive. And in stationary storage, size may not be as 
important as it is in a vehicle. In a vehicle, you’re trying to optimize passenger 
space and luggage space. So you may go to a different kind of battery chemistry 
than for those stationary storages.   

Where they can still gain from economies of scale is as manufacturing volumes go 
up, costs go down, and with the other material optimization that happens, if there 
are lower cost ways of doing cathodes and anodes, those cost savings from those 
materials could also translate to the stationary storage areas.   

In my opinion the stationary storage thing is less developed than the automobile 
battery right now. It’s still more in the, let’s call it the beginning evolutionary 
stages. 

 

Q. Bob, I had a question having to do with the competitive environment. And I 
wonder if you could, you know, give us an assessment of how big a lead you think 
Tesla has? And then while there are lots of car companies I’m sure that are doing 
some work in electrics, who in your mind is actually serious enough become a 
threat at some point in the future if anyone? Thank you. 

A. Yes. Tesla is certainly shaking things up with what they’re doing. And they are 
still a very minor player from a volume standpoint.   

But if you go back to the early 1970s, the Japanese were not major players either 
in the United States or Europe and look what happened. So you need to pay 
attention because over time, these things can gain traction.   

Tesla certainly got some attention at General Motors. I don’t know how many of 
you seen this really interesting movie called the “Revenge of the Electric Car,” 
which stars Bob Lutz from General Motors and Elon Musk from Tesla. There’s a lot 
of interesting stuff in that movie about what caused General Motors to do the 
Volt. And Tesla is actually part of that, it was said, “Hey, if, you know, this little 
company can do electric vehicles, we ought to be able to also.” 

The difference there though is GM took the approach of doing a plug-in series 
hybrid as opposed to the pure battery electric that Tesla is doing. One of the 
questions I asked Elon in my interview back in September 2008 was, “Are you 
guys looking to get into hybrids?” He said, “No, we are going to be a pure battery 
electric vehicle company.” So they are firmly committed to that, I believe.   
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Other auto companies, as I said, have to do electrification in order to meet the 
regulatory standards. What’s going to be interesting on that though is how well 
they do at getting customers to buy them.   

From what I’m seeing, there’s going to be a large increase in electrified vehicles to 
meet the standards but there’s nothing driving consumers to buy them. In the 
United States, there are something called a mid-term review in 2017. Elections for 
president are 2016, so the current administration is really big on electric vehicles. It 
would be interesting to see what happens with that mid-term review.   

And that will also influence what auto companies do in terms of, let’s call a direct 
competition to Tesla. General Motors again is one who stepped up to that. They 
now have a plug in hybrid series vehicle in the Cadillac which is starting to play 
more in the luxury car end where Tesla is.   

But again, it’s not a pure battery electric, so it’s not head-on competition. And you 
know, they’re doing that off an existing vehicle while the Model S is still very 
unique.   

So the other players I think that will probably give Tesla some challenge will be the 
European luxury brands like Mercedes, BMW and Audi. That’s really where Tesla is 
trying to position themselves in the marketplace. It will be interesting to see 
whether people want a Mercedes or people want a Tesla.   

 

Q. I wanted to focus on the cost of batteries and whether it’s really realistic for 
Tesla to be able to produce mass-market cars in three years?  

I mean, you pointed out this is a fabulous car but also very expensive car. And as 
you also pointed out, the other major companies have not pursued all electric 
batteries. And it seems to me it’s for good reason. I mean if Tesla is, you know, 
fully loaded $100,000 product, the battery pack of all in is running about $42,000. 
And using your numbers of 5% decline for the year in cell cost, you’re still talking 
about a pack which in three years’ time will still exceed $35,000 in cost, and that’s 
just for the battery. So how does Tesla come off saying they’re going to be able to 
deliver a mass-market car for $35,000?     

A. OK, well, there are several things. First, I think you’re probably a little high on 
your total battery pack cost. And remember, Tesla actually came out with the 
Model S with three different battery packs. There was 160-mile, a 230-mile and a 
300-mile range pack, and there are significant cost differences between each of 
those. The cost you were talking about I think is more for the 300-mile pack but I 
think you’re even still a little high there. I can't divulge what Tesla actual battery 
pack costs are but I think you’re on the high side. But for the mass-market vehicle, 
they haven't said what that base vehicle range is going to be, have they? 

Look at the Nissan Leaf. It is a vehicle that’s in the mid-$30,000s. And it’s only a 
100-mile range vehicle. You know, what Tesla can do is offer a low range battery 
pack in that car and the also upsize an option for a larger battery pack for those 
who want to spend more money and get more range. 

So don’t look at it just in terms of the trajectory of battery costs but you have to 
think about how you can do marketing of this with different battery packs to get 
your entry costs down. And that’s what this initial vehicle was.   
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If you remember, they said the Model S can be under $50,000 with the $7,500 
government credit. And that was with the low range battery pack. That doesn’t 
mean that you make full profit margin on that low end vehicle. Tesla is doing the 
same thing as every other auto company. You make some profit margin on your 
base vehicle, but it’s your upscale vehicle, your fully optioned vehicle and so forth 
where you really start to make your profit.   

 

Q. There has been news recently about Tesla open-sourcing its patents and other 
companies have expressed interest in them. How do you see this affecting the 
development in the electric car industry?   

A. I’m not sure it has an impact. Tesla has already been doing work for other auto 
companies. They’ve been doing work for Daimler and Ford and Toyota. And 
they’ve been openly saying for a long time, you know, other manufacturers are 
interested in them doing electric powertrains and batteries and so forth. They’re 
willing to do that for them.   

You have to understand how auto companies tend to view what is important to 
them in its body and power train. The auto companies all do their own major 
stampings, they build the body and all the parts of the car mount to the body is 
what -- it’s what you see, it’s what sets up the structure.   

The body is something that auto companies are going to do internally. Power train 
is considered the heart and soul of the vehicle, so they tend to do their engines 
and transmissions themselves.   

If you take that and extrapolate into the future, it would say that they are going to 
want to control their own electric powertrains and batteries and battery 
management systems because that’s what creates the function of the vehicle.   

In the short term, there are some advantages. They’re not spending a lot of 
money. Daimler and Toyota got electric vehicles into production at a much smaller 
development cost in order to meet the California ZEV requirements than trying to 
do it themselves. But I would be surprised to see all the auto companies coming to 
Tesla to do their electric vehicle power train and battery development for them. 

 

Q. Do you think there’s a potential for OEMs using the internal combustion engine 
just as a generator and then have an electric drive train?  And given the efficiency 
improvements that we're seeing, there’s more likely to be a way forward?  

Well, yes, you can. In fact, that’s really what – like on the Chevy Volt and, you 
know, the Ford has a focus that’s a plug-in hybrid, they have the C-MAX plug-in 
hybrid... That’s what those vehicles do. They use the engine as a generator. 

To me, the plug-in hybrid is probably the best technical solution which you can get 
like on the Chevy Volt. You get 40 miles of range in pure electric. That suffices 
most people’s daily use. So you can plug in at home or if you need to – you know, 
if you have charge station at work to plug in, you can drive in pure electric mode 
most of the time but when you need to go farther, you’ve got the internal 
combustion engine on board to take you any distance you want.   
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The problem with that is the cost because you have the cost of an electric motor, 
batteries, the battery management system, controllers, but you still have a gasoline 
engine which requires a fuel tank and exhaust and so forth. So it’s really difficult to 
get the cost of that plug-in hybrid vehicle to be competitive with an internal 
combustion vehicle. It’s always going to be higher cost but then you as a consumer 
have to decide if you get enough operating cost savings to make that initial 
purchase cost worth it. The cost of electricity versus gasoline at least in the U.S. is 
about a fourth or a fifth per mile. So if you’re able to drive most of the time in 
pure electric, you can have a very large operating cost savings, but you also have to 
drive enough miles per day in order to make that pay off.   

So that’s where I kind of see things. You know, like I said, I think the correct 
technical solution is the plug-in series hybrid but it’s got some costs problems to it. 

 

Q. With their Giga Factory, do you think that Tesla ultimately want to own the 
proprietary technology, particularly on things like cathodes and some of the key 
components? Or do you think they’re going to continue to be a company that’s 
going to be prepared to work with partners?    

A. Well, they will certainly want to have at least partial ownership of that 
technology. Tesla hasn’t played its whole hand here on what all they’re going to 
do with production out of that Giga Factory.   

They have obviously opened the door for other battery manufacturers to jointly 
work with them and that’s not surprising because Tesla really up till now has not 
been a battery manufacturer and there’s an awful lot of education that goes into 
being one. 

But there’s a lot of education that went into becoming a rocket ship plant too, and 
Space Exploration did it and they successfully been sending rockets into space. So 
it’s not to say that Tesla could not develop a battery on their own. But that’s a 
long-term project. It takes a lot of time going from the laboratory to upsizing into 
commercialized sales and then doing all of the testing that’s required to get that 
ready for production. So I think that’s why they’re looking for some partners, to 
help get things going quicker for initial production. But that doesn’t mean that 
long term they couldn’t be investing in their own battery chemistry and doing their 
own unique batteries there.   

 

Q. Early in the call, you made the point that volume production and mass-market 
[of EVs] were incompatible. But I would remind everyone, please tell me if you 
disagree, I believe Daimler and BMW and Audi each make very nearly 2 million cars 
a year. The average selling price for each is well north of $25,000. So I don’t think 
there’s any compatibility issue there. And then if I’m not mistaken, Tesla hasn't 
disclosed precise numbers based upon consensus estimates of their current battery 
cost.  They have come out and said that the Giga Factory will get them almost in a 
step function cost of 30% or more, lower than what they are currently, which 
suggests, something like a 60 kWh battery five or six years from now in a base car 
with a base price of $35,000 pre-option. You’re looking at battery cost 
somewhere in the neighbourhood of $15,000 rather than $40,000. Do you 
disagree with any of that? 
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A. I guess – on cost reduction, I thought it was more 20% than 30% but I might 
be wrong. But that’s also long term. It’s not when they start production of the 
batteries. That was, as I recall, sometime like 2020 or later, that they were saying 
that they could get cost down by that amount.   

If you look at, again, 5% per year, it only takes you six years to get to 30 percent. 
So I don’t think that’s a totally unrealistic kind of percentage to get to at some 
point in time in the future.   

I think your other question was about the mass-market thing again. You know, 
one of the things on the mass-market with that is going to be interesting to see if 
you could actually achieve those sales volumes of pure battery electric vehicles. If 
you look at sales today, it would tell you that just from a marketing challenge, 
that’s going to be significant to sell that number of electric vehicles.   

But as I said, the regulations are going to be driving more electric vehicles and the 
question remains if people will get interested. There was a J.D. Power survey that 
was done, I don’t know, a year and a half, two years ago, and consumers were 
saying they didn’t think they want electric vehicles because they’re going to be 
slow and not fun to drive.  That’s because people haven't driven them. It’s totally 
the opposite. Electric vehicles have instant torque and constant torque. They’re 
actually a lot of fun to drive. So as you get more electric vehicles out there and 
people start to understand, ultimately, there will probably be some more consumer 
acceptance, but I think it’s going to be, you know, slow developing now. 

Q. I’m curious as to why you feel that way because my understanding is Tesla is 
able to sell every Model S than what they can do here. Presumably every Model X, 
they will be able to make with long waiting lists and zero marketing from 
consumers cross-shopping them with similar drives from Porsches and BMWs, etc. 

A. When Tesla started production of the Roadster they had a long waiting list. 
Towards the end of production, it didn’t have. Model S, I’m predicting will 
probably have a little bit of that same phenomenon. There are a lot of early 
adopters and I don’t know what kind of a waiting list time there is on the Model S 
now but I’ll bet it’s less than it was three years ago.  

And that’s what I mentioned, that the challenge that Tesla will have is going up 
against the other premium brands like Mercedes, BMW and so forth in the future 
that are also offering electric vehicles. 

A lot of this is branding. There are people who are going to look at Tesla as being 
something unique and say, “Well, I’d rather be driving the Tesla than a Mercedes”. 
The jury is still out on that. Tesla hasn’t had that kind of direct competition with 
upscale brands. And that’s where I think the challenges will be, are they really 
going to be able to be able to sell at the volumes that they’re talking about? That 
to me is the bigger challenge than trying to get the base cost of the vehicle in the, 
you know, $30s.  

 

Q. I’m curious as to your view of whether it is possible for ZEV credits to be a very 
meaningful kicker for Tesla in the future? 

A. Yes, Tesla is not doing this because they have to. They’re doing it as a business 
proposition and trying to make money from building and selling electric vehicles. 
For the other auto companies, they have a little different basic cost situation. They 
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already have a large organization set up for internal combustion engines.  So they 
have to look at the cost of doing an electric vehicle versus an internal combustion 
engine, and looking at profit margin of one versus the other. 

The challenge then is also from a brand standpoint, Tesla has done in my opinion a 
wonderful job of doing an upscale brand image and therefore people are willing to 
pay a premium to be driving the Tesla. Chevy, Ford and Chrysler don’t have that 
luxury of being able to, to do a Tesla Model S vehicle and call it a Chevrolet and 
sell it for $60,000 to $100,000 because people wouldn't pay that much for a 
Chevrolet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    

Statement of Risk 

Slow or negative economic growth could slow the emerging cyclical improvement. 
We expect the leading chemical companies to continue to grow near the market 
growth rate on a trend-line basis. However, the chemical industry is highly cyclical 
because of inventory swings and surprise swings in raw materials. Companies to 
continue to create value have to beat their cost of capital on average. During 
trough periods, the leading companies may even lose money. Timing is very 
important in terms of investing in and trading chemical stocks. 
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Company Disclosures 

Company Name Reuters 12-month rating Short-term rating Price Price date 

Arkema AKE.PA Buy N/A €70.05 10 Jul 2014 

Asahi Kasei5 3407.T Neutral N/A ¥774 11 Jul 2014 

BASF SE14 BASFn.F Buy N/A €83.74 10 Jul 2014 

Clariant5, 18b CLN.VX Buy N/A CHF16.88 10 Jul 2014 

Ford Motor Co.6a, 6c, 7, 16 F.N Buy N/A US$17.30 10 Jul 2014 

General Motors Company2, 4, 6a, 6b, 6c, 7, 16 GM.N Buy N/A US$37.75 10 Jul 2014 

Hitachi Chemical 4217.T Neutral N/A ¥1,626 11 Jul 2014 

Johnson Matthey JMAT.L Neutral N/A 3,009p 10 Jul 2014 

LG Chemical 051910.KS Buy N/A Won284,000 11 Jul 2014 

Shin-Etsu Chemical 4063.T Neutral N/A ¥6,075 11 Jul 2014 

Solvay SOLB.BR Neutral N/A €123.50 10 Jul 2014 

SUMCO 3436.T Neutral N/A ¥957 11 Jul 2014 

Tesla Motors13, 16 TSLA.O Neutral N/A US$219.46 10 Jul 2014 

Ube Industries 4208.T Not Rated N/A ¥172 11 Jul 2014 

Umicore UMI.BR Buy N/A €34.10 10 Jul 2014 

Wacker Chemie18a WCHG.DE Buy N/A €82.58 10 Jul 2014 

Source: UBS. All prices as of local market close. 
Ratings in this table are the most current published ratings prior to this report. They may be more recent than the stock 
pricing date 

2. UBS AG, its affiliates or subsidiaries has acted as manager/co-manager in the underwriting or placement of 
securities of this company/entity or one of its affiliates within the past 12 months. 

4. Within the past 12 months, UBS AG, its affiliates or subsidiaries has received compensation for investment banking 
services from this company/entity. 

5. UBS AG, its affiliates or subsidiaries expect to receive or intend to seek compensation for investment banking 
services from this company/entity within the next three months. 

6a. This company/entity is, or within the past 12 months has been, a client of UBS Securities LLC, and investment 
banking services are being, or have been, provided. 

6b. This company/entity is, or within the past 12 months has been, a client of UBS Securities LLC, and non-investment 
banking securities-related services are being, or have been, provided. 

6c. This company/entity is, or within the past 12 months has been, a client of UBS Securities LLC, and non-securities 
services are being, or have been, provided. 

7. Within the past 12 months, UBS Securities LLC has received compensation for products and services other than 
investment banking services from this company/entity. 

13. UBS AG, its affiliates or subsidiaries beneficially owned 1% or more of a class of this company`s common equity 
securities as of last month`s end (or the prior month`s end if this report is dated less than 10 days after the most 
recent month`s end). 

14. UBS Limited acts as broker to this company. 
16. UBS Securities LLC makes a market in the securities and/or ADRs of this company. 
18a. In Germany, UBS Limited has entered into a contractual arrangement to act as the manager of orders (Designated 

Sponsor) in the financial instruments of this company. 
18b. The equity analyst covering this company, a member of his or her team, or one of their household members has a 

long common stock position in this company. 

For a complete set of disclosure statements associated with the companies discussed in this report, including information on 
valuation and risk, please contact UBS Securities LLC, 1285 Avenue of Americas, New York, NY 10019, USA, Attention: 
Publishing Administration. 

Unless otherwise indicated, please refer to the Valuation and Risk sections within the body of this report. 
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Global Disclaimer 
This document has been prepared by UBS Limited, an affiliate of UBS AG. UBS AG, its subsidiaries, branches and affiliates are referred to herein as UBS. 

This document is for distribution only as may be permitted by law. It is not directed to, or intended for distribution to or use by, any person or entity who is a citizen or 
resident of or located in any locality, state, country or other jurisdiction where such distribution, publication, availability or use would be contrary to law or regulation or 
would subject UBS to any registration or licensing requirement within such jurisdiction. It is published solely for information purposes; it is not an advertisement nor is it 
a solicitation or an offer to buy or sell any financial instruments or to participate in any particular trading strategy. No representation or warranty, either express or 
implied, is provided in relation to the accuracy, completeness or reliability of the information contained in this document (‘the Information’), except with respect to 
Information concerning UBS. The Information is not intended to be a complete statement or summary of the securities, markets or developments referred to in the 
document. UBS does not undertake to update or keep current the Information. Any opinions expressed in this document may change without notice and may differ or 
be contrary to opinions expressed by other business areas or groups of UBS. Any statements contained in this report attributed to a third party represent UBS's 
interpretation of the data, information and/or opinions provided by that third party either publicly or through a subscription service, and such use and interpretation 
have not been reviewed by the third party. 

Nothing in this document constitutes a representation that any investment strategy or recommendation is suitable or appropriate to an investor’s individual 
circumstances or otherwise constitutes a personal recommendation. Investments involve risks, and investors should exercise prudence and their own judgement in 
making their investment decisions. The financial instruments described in the document may not be eligible for sale in all jurisdictions or to certain categories of 
investors. Options, derivative products and futures are not suitable for all investors, and trading in these instruments is considered risky. Mortgage and asset-backed 
securities may involve a high degree of risk and may be highly volatile in response to fluctuations in interest rates or other market conditions. Foreign currency rates of 
exchange may adversely affect the value, price or income of any security or related instrument referred to in the document. For investment advice, trade execution or 
other enquiries, clients should contact their local sales representative. 

The value of any investment or income may go down as well as up, and investors may not get back the full amount invested. Past performance is not necessarily a guide 
to future performance. Neither UBS nor any of its directors, employees or agents accepts any liability for any loss (including investment loss) or damage arising out of the 
use of all or any of the Information. 

Any prices stated in this document are for information purposes only and do not represent valuations for individual securities or other financial instruments. There is no 
representation that any transaction can or could have been effected at those prices, and any prices do not necessarily reflect UBS's internal books and records or 
theoretical model-based valuations and may be based on certain assumptions. Different assumptions by UBS or any other source may yield substantially different results. 

Research will initiate, update and cease coverage solely at the discretion of UBS Investment Bank Research Management. The analysis contained in this document is 
based on numerous assumptions. Different assumptions could result in materially different results. The analyst(s) responsible for the preparation of this document may 
interact with trading desk personnel, sales personnel and other parties for the purpose of gathering, applying and interpreting market information. UBS relies on 
information barriers to control the flow of information contained in one or more areas within UBS into other areas, units, groups or affiliates of UBS. The compensation 
of the analyst who prepared this document is determined exclusively by research management and senior management (not including investment banking). Analyst 
compensation is not based on investment banking revenues; however, compensation may relate to the revenues of UBS Investment Bank as a whole, of which 
investment banking, sales and trading are a part. 

For financial instruments admitted to trading on an EU regulated market: UBS AG, its affiliates or subsidiaries (excluding UBS Securities LLC) acts as a market maker or 
liquidity provider (in accordance with the interpretation of these terms in the UK) in the financial instruments of the issuer save that where the activity of liquidity 
provider is carried out in accordance with the definition given to it by the laws and regulations of any other EU jurisdictions, such information is separately disclosed in 
this document. For financial instruments admitted to trading on a non-EU regulated market: UBS may act as a market maker save that where this activity is carried out in 
the US in accordance with the definition given to it by the relevant laws and regulations, such activity will be specifically disclosed in this document. UBS may have issued 
a warrant the value of which is based on one or more of the financial instruments referred to in the document. UBS and its affiliates and employees may have long or 
short positions, trade as principal and buy and sell in instruments or derivatives identified herein; such transactions or positions may be inconsistent with the opinions 
expressed in this document. 
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United Kingdom and the rest of Europe:  Except as otherwise specified herein, this material is distributed by UBS Limited to persons who are eligible counterparties 
or professional clients. UBS Limited is authorised by the Prudential Regulation Authority and regulated by the Financial Conduct Authority and the Prudential Regulation 
Authority.   France:  Prepared by UBS Limited and distributed by UBS Limited and UBS Securities France S.A. UBS Securities France S.A. is regulated by the ACP (Autorité 
de Contrôle Prudentiel) and the Autorité des Marchés Financiers (AMF). Where an analyst of UBS Securities France S.A. has contributed to this document, the document 
is also deemed to have been prepared by UBS Securities France S.A.   Germany:  Prepared by UBS Limited and distributed by UBS Limited and UBS Deutschland AG. UBS 
Deutschland AG is regulated by the Bundesanstalt fur Finanzdienstleistungsaufsicht (BaFin).   Spain:  Prepared by UBS Limited and distributed by UBS Limited and UBS 
Securities España SV, SA. UBS Securities España SV, SA is regulated by the Comisión Nacional del Mercado de Valores (CNMV).   Turkey:  Distributed by UBS Limited. No 
information in this document is provided for the purpose of offering, marketing and sale by any means of any capital market instruments and services in the Republic of 
Turkey. Therefore, this document may not be considered as an offer made or to be made to residents of the Republic of Turkey. UBS AG is not licensed by the Turkish 
Capital Market Board under the provisions of the Capital Market Law (Law No. 6362). Accordingly, neither this document nor any other offering material related to the 
instruments/services may be utilized in connection with providing any capital market services to persons within the Republic of Turkey without the prior approval of the 
Capital Market Board. However, according to article 15 (d) (ii) of the Decree No. 32, there is no restriction on the purchase or sale of the securities abroad by residents of 
the Republic of Turkey.   Poland:  Distributed by UBS Limited (spolka z ograniczona odpowiedzialnoscia) Oddzial w Polsce.   Russia:  Prepared and distributed by UBS 
Securities CJSC.   Switzerland:  Distributed by UBS AG to persons who are institutional investors only.   Italy:  Prepared by UBS Limited and distributed by UBS Limited 
and UBS Italia Sim S.p.A. UBS Italia Sim S.p.A. is regulated by the Bank of Italy and by the Commissione Nazionale per le Società e la Borsa (CONSOB). Where an analyst 
of UBS Italia Sim S.p.A. has contributed to this document, the document is also deemed to have been prepared by UBS Italia Sim S.p.A.   South Africa:  Distributed by 
UBS South Africa (Pty) Limited, an authorised user of the JSE and an authorised Financial Services Provider.   Israel:  This material is distributed by UBS Limited. UBS 
Limited is authorised by the Prudential Regulation Authority and regulated by the Financial Conduct Authority and the Prudential Regulation Authority. UBS Securities 
Israel Ltd is a licensed Investment Marketer that is supervised by the Israel Securities Authority (ISA). UBS Limited and its affiliates incorporated outside Israel are not 
licensed under the Israeli Advisory Law. This Material is being issued only to and/or is directed only at persons who are Qualified Investors within the meaning of the 
Israeli Advisory Law, and this material must not be relied on or acted upon by any other persons.   Saudi Arabia:  This document has been issued by UBS AG (and/or 
any of its subsidiaries, branches or affiliates), a public company limited by shares, incorporated in Switzerland with its registered offices at Aeschenvorstadt 1, CH-4051 
Basel and Bahnhofstrasse 45, CH-8001 Zurich. This publication has been approved by UBS Saudi Arabia (a subsidiary of UBS AG), a Saudi closed joint stock company 
incorporated in the Kingdom of Saudi Arabia under commercial register number 1010257812 having its registered office at Tatweer Towers, P.O. Box 75724, Riyadh 
11588, Kingdom of Saudi Arabia. UBS Saudi Arabia is authorized and regulated by the Capital Market Authority to conduct securities business under license number 
08113-37.   United States:  Distributed to US persons by either UBS Securities LLC or by UBS Financial Services Inc., subsidiaries of UBS AG; or by a group, subsidiary or 
affiliate of UBS AG that is not registered as a US broker-dealer (a   ‘non-US affiliate’ ) to major US institutional investors only. UBS Securities LLC or UBS Financial 
Services Inc. accepts responsibility for the content of a document prepared by another non-US affiliate when distributed to US persons by UBS Securities LLC or UBS 
Financial Services Inc. All transactions by a US person in the securities mentioned in this document must be effected through UBS Securities LLC or UBS Financial Services 
Inc., and not through a non-US affiliate.   Canada:  Distributed by UBS Securities Canada Inc., a registered investment dealer in Canada and a Member-Canadian 
Investor Protection Fund, or by another affiliate of UBS AG that is registered to conduct business in Canada or is otherwise exempt from registration.   Brazil:  Except as 
otherwise specified herein, this material is prepared by UBS Brasil CCTVM S.A. to persons who are eligible investors residing in Brazil, which are considered to be: (i) 
financial institutions, (ii) insurance firms and investment capital companies, (iii) supplementary pension entities, (iv) entities that hold financial investments higher than 
R$300,000.00 and that confirm the status of qualified investors in written, (v) investment funds, (vi) securities portfolio managers and securities consultants duly 
authorized by Comissão de Valores Mobiliários (CVM), regarding their own investments, and (vii) social security systems created by the Federal Government, States, and 
Municipalities.   Hong Kong:  Distributed by UBS Securities Asia Limited and/or UBS AG, Hong Kong Branch.   Singapore:  Distributed by UBS Securities Pte. Ltd. [mica 
(p) 107/09/2013 and Co. Reg. No.: 198500648C] or UBS AG, Singapore Branch. Please contact UBS Securities Pte. Ltd., an exempt financial adviser under the Singapore 
Financial Advisers Act (Cap. 110); or UBS AG, Singapore Branch, an exempt financial adviser under the Singapore Financial Advisers Act (Cap. 110) and a wholesale bank 
licensed under the Singapore Banking Act (Cap. 19) regulated by the Monetary Authority of Singapore, in respect of any matters arising from, or in connection with, the 
analysis or document. The recipients of this document represent and warrant that they are accredited and institutional investors as defined in the Securities and Futures 
Act (Cap. 289).   Japan:  Distributed by UBS Securities Japan Co., Ltd. to institutional investors only. Where this document has been prepared by UBS Securities Japan 
Co., Ltd., UBS Securities Japan Co., Ltd. is the author, publisher and distributor of the document. Distributed by UBS AG, Tokyo Branch to Professional Investors (except 
as otherwise permitted) in relation to foreign exchange and other banking businesses when relevant.   Australia:  Clients of UBS AG: Distributed by UBS AG (Holder of 
Australian Financial Services License No. 231087). Clients of UBS Securities Australia Ltd: Distributed by UBS Securities Australia Ltd (Holder of Australian Financial 
Services License No. 231098). Clients of UBS Wealth Management Australia Ltd: Distributed by UBS Wealth Management Australia Ltd (Holder of Australian Financial 
Services Licence No. 231127). This Document contains general information and/or general advice only and does not constitute personal financial product advice. As 
such, the Information in this document has been prepared without taking into account any investor’s objectives, financial situation or needs, and investors should, 
before acting on the Information, consider the appropriateness of the Information, having regard to their objectives, financial situation and needs. If the Information 
contained in this document relates to the acquisition, or potential acquisition of a particular financial product by a ‘Retail’ client as defined by section 761G of the 
Corporations Act 2001 where a Product Disclosure Statement would be required, the retail client should obtain and consider the Product Disclosure Statement relating 
to the product before making any decision about whether to acquire the product.   New Zealand:  Distributed by UBS New Zealand Ltd. The information and 
recommendations in this publication are provided for general information purposes only. To the extent that any such information or recommendations constitute 
financial advice, they do not take into account any person’s particular financial situation or goals. We recommend that recipients seek advice specific to their 
circumstances from their financial advisor.   Dubai:  The research distributed by UBS AG Dubai Branch is intended for Professional Clients only and is not for further 
distribution within the United Arab Emirates.   Korea:  Distributed in Korea by UBS Securities Pte. Ltd., Seoul Branch. This document may have been edited or 
contributed to from time to time by affiliates of UBS Securities Pte. Ltd., Seoul Branch.   Malaysia:  This material is authorized to be distributed in Malaysia by UBS 
Securities Malaysia Sdn. Bhd (253825-x).   India:  Prepared by UBS Securities India Private Ltd. (Corporate Identity Number U67120MH1996PTC097299) 2/F, 2 North 
Avenue, Maker Maxity, Bandra Kurla Complex, Bandra (East), Mumbai (India) 400051. Phone: +912261556000 SEBI Registration Numbers: NSE (Capital Market 
Segment): INB230951431, NSE (F&O Segment) INF230951431, BSE (Capital Market Segment) INB010951437.  

The disclosures contained in research documents produced by UBS Limited shall be governed by and construed in accordance with English law. 

UBS specifically prohibits the redistribution of this document in whole or in part without the written permission of UBS and UBS accepts no liability whatsoever for the 
actions of third parties in this respect. Images may depict objects or elements that are protected by third party copyright, trademarks and other intellectual property 
rights. © UBS 2014. The key symbol and UBS are among the registered and unregistered trademarks of UBS. All rights reserved. 
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