London-Indonesia joint battery project

(plus some solar generation and water purification)
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My first experience of Indonesia....
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My second experience of Indonesia....
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Energy production in the world
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Million tonnes oil equivalent per annum

The world’s energy production

EU primary energy consumption
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3/4 of the electricity generation comes from fossil fuels
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A small proportion from nuclear
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Direct Normal Irradiation (DNI)
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The detalls.....

Average hourly California electricity production profile for all sources by month
megawatts Electricity imports and generation from other sources
are balancedthroughoutthe day to meetdemand
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Peak renewable generation: around lunchtime
Peak usage: 7 pm
12 hours of solar generation, 24 hours usage

We need a way of storing solar generation!
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Tesla - the most expensive car in the world...

Caught fire October
2013 in Seattle

Tesla Motor Company
shares plunged by -
$600M S
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“U.S. fire departments responded to an estimated average of 152,300
automobile fires per year in 2006-2010.”
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Safety aside..... 2. We need better batteries!

My Kia Carens Nissan Leaf
To drive To drive[160 km:
1 kg cell

2 kg of fuel tank 192 cells

5 minutes to refuel 190 kg batter

fast charging (80%) = 30 minutes

To drive 800 km = 3 hours of charging
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Korean cars are not better than Japanese cars
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And the supply of the raw materials?

Energy use for battery manufacturing with is ~500 MJ/kWh battery.
150-200 kg CO2/kWh battery

Li: extracted from a limited number of countries (Argentina, Chile, Bolivia)
Co: shortages of natural resource (limited number of countries, also S America), extracted
from rock (environmentally damaging)
Cu: Used as an electrode/current collector. High energy demands to extract.
Graphite: Natural graphite from mines (45%) and synthetic graphite from petroleum coke

Major lithium deposits by type
® Brine ® Hard rock
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We need more environmentally friendly batteries!
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Graphite from waste biomass

Na batteries

Al current collectors (less energy needed for production)
Na lons are everyvvhere and easy to extraot

Sodium-ion based systems hav_e th_e potentia_l to provide energy at
$23/kWh/annum, less than half the cost of lithium-ion batteries.
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UK-Indonesia collaboration
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Our proposal
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ur proposal

Separation
Technaiogy

BIOMASS

e [.TT)

Local Indonesian
Resources

Up to 2000C
Self-generated pressure

C:)[ Biorefinery ](,:J

[8.0] Catolyti
Conversian

USRI CHEMICALS >~ | NANOSTRUCTURED
Ho® el o AN B, . separation == CARBON DOTS | CARBONS
. : 7 + Elect talysi
Ra s T D 4o+ Heterogenous catalysis 4 - Fluorescent nanomaterials . H;Z,'Z;Znaecy,ﬁ': catalysis
Ho)K/\[(CHa e ©  Electrocatalysis * Photocatalysts +  Gas adsorption
! o L St * *+ Bio-based polymers § - Fluorescent tags + Supercapacitors
v : i -+ Biofuels « Batteries

‘:_.@_s’ Queen Mary

University of London




iTs

Insticut
Teknolog)
Sepuluh Nopember

Imperial College @
London

Sef-generated pressure

o = CHEMICALS

i
”Om . )I;\__/-onl + Separation

Heterogenous catalysis
Electrocatalysis
Bio-based polymers

Biofuels

NANOSTRUCTURED
CARBONS

i - Electrocatalysis

* Heterogeneous catalysis
» (as adsorption
» Supercapacitors
+ Batteries

= ARBON DOTS
B |

+ Fluorescent nanomaterials
|+ Photocatalysts
+ Fluorescent tags

University of London

P

%Qf Queen Mary

UNIVERSITAS Sm— o o
INDONESIA University of London

Imperial College
London

Advanced characterisation
Modelling
Calculations

Note: most partners have activities in many different areas




Solar cells

Green Solar Energy

+ Photocatalysts
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Na/Li ion battery anodes
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Na/Li ion battery electrolytes
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Battery / solar cells combined
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- Readily available locally sourced resources Current: Li not available in Indonesia

- Lasts 10,000 cycles (~25 years) Current: 3,000 cycles

- Produces enough for small settlement (100kW) or individual house (1-2kW)
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All carbon batteries?
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Other areas of collaboration
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Not batteries but still cool
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Metal organic framework

Using pollution to
solve pollution

Materials Science
and Engineering

Heavy industry
pollution . -
WARNING

POLLUTED WATER

ENGLISH RIVER WABIGOON SYSTEM
IS KNOWN T0 HAVE
HIGH LEVELS OF MERCURY

Drinking water
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