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4.3 Batteries in Future

Will now come to every day you hear news about a new battery. I will call this try to cover that
in Batteries in Future. Again reasonable amount of material is been taken from battery university.
The important thing is which parameter will it be better? First thing that | want to point out is

there any other battery in which is expected to touch a 100 dollars per kilo watt hour?

| do not see that in near future, 5-6 years. 10 years? Yes, but | still look at other batteries which
are promising and may be in 5, 6, 7 years they will start touching 100 dollars per kilo watt hour.
But that is the current cost and 100 dollars will fall down further. So need to compete with

existing cells in terms of specific energies, costs, number of cycles and temperature range.
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New Batteries

Need to compete with existing cells
In tarms of specific-energy, casts, number of cycles and temperature-rangs

|I-lon Batteries with Nickle-rich Cathode and Silica in anode pushing up ED
NRMCIED to NMCA33 to NMCS32 to NMCA22 to NMCELL to Nickis-rich Cathode

Li-polymer {often pouch cells): Solid-electrofyte (dry) - plastic like film

Poor conductivaty 3t room temperature; réquires 60°C 1o enable current-fiow

Alternatively use gelled efectrolyte: gives siightly higher specific energy, thinner

Future: Lithium-Sulphur, Uthium lon with solid-electrolyte, Graphene
Supercapacitors, Redox-flow, Aluminium-graphite, solid-state battenes and
Hydrogen fuel cells

Cost is a very important probably the most important parameter if it does not compete in cost
what will it do. Weight will matter, material ofcourse all these are related. Number of cycles
matter because at the same cost if you get more number of cycles it effective cost becomes less.
Temperature range this is something of immense concern. Can | get (())(02:00) in India, can | get

something which will work at 50 degree centigrade better.

Ofcourse these are cells | can always make by pack work in a, even if the temperature outside is
50 degrees | can make it work at close to 25 degree centigrade by cooling. Lithium ion batteries
that you get today you will see its cathode will start getting more and more nickel that is helping

increase the energy density.

And in anode you are adding more and more silica as | told you it started with NMC111, 433,
532, 622, 811 and now nickel-rich, so nickel rich cathode and silica-rich anode instead of
graphite use more silica the problems on fusing silica it is not as easy to use helps in improving
the energy density and reducing cost. This will happen there will still be a lithium ion battery

with some variation.

The battery which promises quite a bit is lithium polymer, they are mostly pouch cells and | will
explain what is pouch cylindrical another cells. The difference between this battery and the
currently use lithium ion battery in the currently lithium ion battery electrolyte is liquid. In this

electrolyte is dry powder. It is like not powder it is more like a plastic like film it does promise



and can make things better more safer. The problem is at room temperature it has a poor

conductivity you have to heat it to 60 degree centigrade.

So, that is not very desirable for which keep, in India anyway the temperature is high if it is a 10
degree centigrade heating 260 makes a huge difference, but in our India you may be a little be
able to use it we keep on looking at it. There is also another thing which is gelled electrolyte
instead of the liquid electrolyte or powder electrolyte plastic film like electrolyte gelled gives

you slightly higher specific energy density makes a battery thinner.

So, you will see lithium polymer coming in once in a while. You will not know still lithium ion
battery. They are future batteries lithium sulphur, lithium ion with solid electrolyte somewhat
like this Graphene Supercapacitors, Redox-flow battery, Aluminium-graphite battery, Solid-state
batteries and Hydrogen fuel cells and you will keep on hearing every day about the somebody
say | have came with lithium-sulphur, somebody say it is solid electrolyte, graphene batteries

supercapacitors, redox flow, aluminium graphite, solid-state batteries and hydrogen fuel cells.

All of them have a, they are certainly future battery no, no doubt but all of them have serious
limitations today and we look at some of that. So, as | told you these are the future batteries and
let me come to look into little more detail | have again put a table of all the possible future
batteries and how does it really look like.
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The table was taking time | am actually putting enough data for lithium air, lithium metal, solid-
state lithium, lithium sulphur and sodium ion. They are first set of 5 future batteries; solid-state
lithium a lot of talk is there. Now look at it. If I could get lithium air it is 1.3 kilo watt hour per
kg. Today we have 300 watt hour per kg it will become 1300 watt hour per kg this will make it

almost equivalent to petrol I would love to see that, what is the limitation?

The best that somebody has shown me is 50 cycles in a lab that also and ofcourse very expensive
that is a different issue. It actually came from there is other battery call zinc air which used to be
proposed some time back. So it actually borrowed what is called breathing from zinc air and fuel
cell concept and brought it good research work if you are doing your PhD work on this do you
expect it to come in next 10 years? Unlikely and compete, come its, come even today you can

see it.

Lithium metal battery this is more like the current 300 watt hour per kg I do not know how much
further you can go but the most important thing you can charge very rapidly 3C charges is no
problem that is the... number of life cycles are also not bad. Safety very unsafe today. The
second is all the experiments have shown that very quickly develops what is called dendrite

growth causes electric short circuit with usage.

So, yes promising, will it compete in cost? We do not even know, anything close 200 dollars not

when it comes a week start with our 1000 dollars and then it has to come down. But you will see



lithium metal or more of my lithium metal sometime. Solid-state lithium again 300 watt hour kg
and possibly can go up. It also does reach it can also charge very rapidly 3C is no problem. It is a

bad when it is cold weather. It is a very poor conductivity does not work at all.

Cycle life in all protypes has not exceeded 100 this has promises | will not say that but will it get
stress and compete with currently lithium ion battery with silica and nickel rich in 5 years
unlikely, but you will see more of it. Lot of excitement at times but okay 10 years on the line |

do see one of these two taking over.

Lithium sulphur is another variation it goes to 500 watt hour kg so better. Today its charging
discharging rate is not good. High power you can do you can do high power. Cycle life the only
reported cycle life is 50 cycles, and that is disputed whether it was really 50, it is could be even
lower. So, yes good work something can happen. Lithium sodium iron this looks like a sodium

iron or sodium ion this not iron | mean, | think is a mistake should be sodium ion.

It is a very similar to lithium ion except using sodium. So it will be cheaper unfortunately, watt
hour kg is not good still it will be cheaper, but weight will be higher right now the life cycles are
not good. Those Somebody else told me you can get 500 cycles | do not know. Low cost it will
be in power with lead acid whether it will able to do depth of discharge of 85 percent we do not

know.

So many of these things we will not know how much depth or discharge. So even after it comes
it has to actually go a long way before it replaces the lithium battery.
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Other Lithium Batteries |

Lithium-air (Li-air)
Theoretical specific energr of 13kWhikg, on par with gasoline: aiso other
metal-air (ke Al-air) - called breathink air batteries

Even if we hit quarter equivalent to gasoline bacause EV has higher eficeency
Only 50 cyches today
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So that | told you the biggest interest is not 13 it is 1.3 | made a mistake it is 1.3 kilo watt hour
per kg 1300 watt hour per kg on par with gasoline so sorry about this. So lithium air it is 30 watt
hour kg sorry it is 13 kilo watt hour kg. So this is very good so it is right on par with gasoline. So
actually on par with gasoline in terms of energy density but since electrical vehicles are 4 times
more energy efficiency you actually require very little of it.

Actually, as | point out, even if | reach quarter of that instead of 13 kilo watt hour | can get 3 kilo
watt hour | still will be on par with gasoline this will be fantastic. But today it cycles are very
small lithium ion metal 300 watt hour kg dendrite growth that induces safety hazards is a serious



problem rapid charge is the major advantage decent life. Solid-state lithium as | told you anode
with pure lithium and solid-state solid polymer electrolyte or a ceramic separator high energy

density poor conductivity at cool temperature number of cycles are doubtful.
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Other Lithium Batteries ||

Solid-state Lithium

Ancde with pure Iithium and solid polymer electrolyte or a ceramic separator.
High Energy Density

Challenges: problem of metallic fitament (dendnte) formation even with dry
polymer and ceramic separators. Plus poor conductvity at cool temperatures
difficulty to ciagnosa problems within the cell and low cycle count (100 cyclas)
Lithium-sulfur (Li-S)

high specific energy of S§0Wh'kg and specific power of 2 500W/kg, have good
cold temperature rs.charsow Thegbatteri? is environmentally friendPyt Sulfuf.gthe
main ingredient, is abundantly available, Reasonable costs

Challenges: Poor charging and cycle hfe

Lithium sulphur better in terms of energy density poor charging and cycle life.
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Other similar batteries

Sodium-ion (Na-ion)

Sodium-ion (inexpensive Sodium) lower-cost alternative to Li-ion, can
be completely discharged. Poor specific energy of 30Whikg, but low
cost. Development needed to improve the cycle count and solve large
volumetric expansion when fully charged

Lithium-manganese-iron-phosphate (LMFP)

Capacity 15% over LFP, specific energy 135Whikg and 5000 cycle life.
Inexpensive.

Sodium ion can compete in cost today, see you cannot say because it is not 300 it is going to be

as expensive because a replacing the expensive lithium and cobalt with sodium so this can



improve inner cost. The cycle life is still a problem. There is a another called LMFP lithium
manganese iron phosphate. Somebody has come that some of the Chinese came it is a much
better life cycles, but watt hour per kg is again a problem I do not think any of these things

should be ruled out we should watch new work can be done.
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Alternative to Lithium Batteries

Flows- Battery: Long Life, High Capital Cost - may be considered for fixed
applications in countries where interest rate Is low

Fuel-call: requires Hydrogen delivery, Costs per km - requires further
technology work

Super-capacitors: very high-rate charging / discharging, expensive per Wh

Every day people are doing PhDs not one or two 10s 50s of PHDs the other battery which are
talked about quite a bit is the battery called flow battery. It is a redox battery also redox. It is
very long life 20,000 cycles is no problem very high capital cost ofcourse not good for EVs, but
for fixed application. But even for fixed high application when the cost is very high the interest
cost itself will be higher than new battery | can buy a new lithium battery every year by for the
interest costs itself that is a problem and is not gone beyond a certain point.

Fuel cell is another thing talked about a lot in the last 15 days | worked with one of the Indian
RND house which says that we are the leaders in hydrogen I actually work out the cost, effective
cost today to walkout to be at least 5 times that of a lithium ion battery usage cost at least 5 times

that is a dilemma even more but can it come up in future very likely.

You should watch this out super-capacitors very high charge-discharge rate but extremely
expensive extremely that is what it is. So people everyday newspaper carry they do not even

have this basic knowledge that I talked about if they even went to battery university you will find



enough of this. A media people should started saying go to the battery university these papers

and then do it or even this would have captured what | am talking about.
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So, coming to the end of this. So if | look at it if I look at super-capacitor basically today it is 5
watt hour per kg very expensive. Flow battery is better 40 watt hour kg | talked about that
expensive is the main reason and fuel cell is also 40 watt hour kg. But again you will it is

extremely expensive.
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ToSum Up
LI lon batteries with its high Specific Energy, low-cast and decent cycle-life Is
here to stay as & primary EV Battery for quite some time

Cusrently it is NMC and NCA: wil keep improving

diica in Anode and Nokde reh Cathode

Versions of Lithium lon Batteries may emerge over next five to seven years
Should watch for Lithium metal, Solid-state Lithium and Lithium Sulphur

But the big gan could be Lithium Air if it can be oracked

To sum up lithium ion batteries with its high specific energy low cost and decent cycle life is
here to stay. The person who got Nobel Prize this year on lithium ion battery he is a 96 year old
man, the key person working with him | putting his name Ramakrishnan or somebody who
actually delivered on behalf of good ridge his Nobel Prize lecture. He is a alumni of IIT Madras

and he was in one of the conferences recently in India not recent year several months back.

And he said but we keep on talking about alternate batteries is that and all that. | will not be very
surprised if 20 years down the line you still have the lithium battery as a dominant battery. |
think that says it all he may wrong but 10 years strong line week may see something else but it is

it is not that it is given that you will see something else.

Versions of lithium ion battery may emerge in 5 years to 7 years. Ideally I like to see a lithium
air battery that is the real one not solid state not this. If I was a youngster 45 years back some and
| was going to work even though I did not have background I will love to work on lithium air
battery that I think if it is cracked it will make a difference.

Till that time we will have to keep on doing things. Other batteries may more useful for
stationary applications | want to reserve my judgment because the weight there does not matter

so but I think this is what it is.



