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Context

Australia’s Economic Growth
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Revamping

Regional
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Bio-Alcohol Olil Replacers

Ethanol




Physical Economy Modelling

‘bio-physical economics’ or ‘thermo-economics’




How to Assess?
Shale




How to Assess?




How to Assess?

 GDP crook but...oh well
 Household consumption
per capita
 Environmental status

e National wealth

e Financial resilience




How to Assess?
‘Base Case’ STOCKS

Base Case Stocks
—Accumulated 2006-2051
r

illigg” CO2- tonnes Capital Stocks- Future Fund- Physical
million PJ embodied $ billion Affluence-

$74,000 '
billion billion ’ GJ/capita =

tonnes 60 msc




Fossil:
Shale-
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Fossil: Shale-

90% Shale Oil Scenarios

OBase Case
m90% Shale R
[190% Shale R+TE
[190% Shale IS
W90% Shale IS+TE

N[ —

Accum GDP Accum CO2  Physical Capital Future Fund
Affluence Stocks

Headline Indicators




Shale-oll:
» Coal-to-{(i[g ey S@pbedjan tar

sands etc. similar greenhouse
 New processes eg microwave

e Best conventional electricity
scenario...reasonable results
« ASX companies....Innovation
 ‘Half done’ oll bearing strata




Fossil: Natural
Gas




Fossil: Natural Gas

90% Natural Gas Scenarios

[ |

O Base Case

m 90% Gas
090%Gas + LE

0 90%Gas + LE/TE
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Accum GDP Accum CO2 Physical

Affluence

Headline Indicators

Capital
Stocks

Future Fund




Natural Gas:
* Swings a al\r]@latpsover 45

years sell now, pay later
e Nasty politics from oil majors

e Infrastructure In place to most
Australian households

e Gas..the next trade war/war

e Important for low carbon
electricity..gturbines & fuel cells




Bio-Alcohols:
Ethanol
C,H-OH




Bio-alcohols: Ethanol

90% Ethanol Scenarios

O Base Case
m 90% Crop

0 90% Ligno
0 90% Thermo
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Ethanol: Caveats

e First generation institutions:
standards, mixing, marketing
e Second generation biochemical

requires doubling of pasture area,
mostly in Northern Australia

e Second generation thermo-chemical
does not yet have fluent catalysts

e Ethanol currently a dirty combustor




Bio-alcohols:

Methanol/DME
CH;OH or CH;0CH,4




Bio-alcohols:

Methanol/DME
CH;OH or CH;0CH,4

_ _ Planting Rules
National Plantation Area
Use 10% arable
10% planted pasture
10% rough land

Millions

No more than 30% of
a farm or region is
planted to tree crops

Hectares
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Bio-alcohols: Methanol/DME

90% Methanol Scenarios

@ Base Case

m 90% Meth
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Methanol: Caveats

e Natural gas the feedstock of choice
e Not on the policy agenda In
Australia, US, South America

 Methanol is deemed toxic but very
clean combustor in tuned motors

* Obvious hydrogen carrier for PEM
fuel cell cars circa 2025-2035

« DME a gas but a direct diesel
replacer (cetane number etc.)




Oll Replacers: The Choice

Without Climate Change

Bi or Tri-fuelled cars fuelled by natural gas
and wait for a shale olil processing break
through

With Climate Change Mitigation

Ethanol or methanol but only using the
thermo-chemical processing of wood.
Methanol/DME has better future prospects
and covers IC and diesel motors




OOPS!

Urban electric cars not analysed
fully yet but require less than
20% of national electricity

However we still require energy
dense fuels for trucks, tractors
and non urban transportation




Full Renewables Transition

Low carbon electricity and methanol-from-wood

Base Case, Normal Renewables and Low-
Growth Renewables

mBase Case

Millions

m Renewables
0 Low Growth

B o 1

Accum GDP Accum CO2 Physical Capital Future Fund
Affluence Stocks

Headline Indicator

Source: Foran... ‘Powerful Choices’ Study




