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Established 2008

The only World-leading research facility of this kind in
WA, providing scientific and technological support to the
energy supply and use industries

Expertise: Reaction Engineering, Coal and Gas
Utilisation, Catalysis, Bioenergy and Biotechnology,
Process Development and Modelling

Ability to deliver innovative R&D outcomes with quality
and scientific integrity

Collaboration

Education and research training
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We Consider the Whole System
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Natural Gas (Winthrop Professor Eric May)
Petroleum (Professor Jishan Liu)

Coal and Biomass (Winthrop Professor Dongke
Zhang)

Geothermal energy and waste heat utilisation
(Professor Hui Tong Chua)

Energy Infrastructure: Marine and Subsea (Winthrop
Professor Krish Thiagarajan)

Future Energy (Winthrop Professor Dongke Zhang)
— Including biogas from wastes
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Strong industry support through a range of partnerships
« BHP Billiton Ltd

e Chevron Texaco Ltd

 Woodside Energy Ltd

 Wesfarmers Ltd

« Griffin Coal Mining Group Pty Ltd
 Western Power Corporation

 Dyno Nobel Asian Pacific Ltd

e Rio Tinto Ltd

* Prica Mining Services Pty Ltd

« Chemeq Ltd

« Environmental Solution International Ltd
 Hydrogen Technology Ltd

* Hurricane Energy Ltd

 Loongana Lime Pty ltd



Lo
 Chemeq Ltd

 Hydrogen Technology Ltd
e Hurricane Energy Ltd
 Spitfire OIl Ltd

* Ashking Pty Ltd

* 3D Reactions Pty Ltd
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Power density of common fuels

Energy Sources Power Density
Nuclear ~57 W m?
Coal 21 - 49 W n?
Crude Ol ~27 W m?
Natural Gas ~53 W m?




Energy density of common materials
Materials MJ kgt MJ m-3

!\Iatural uranium (99.3% U-238, 0.7% U-235) 86.000.000

In fast breeder reactors

Coal 32 42,000
Crude Ol 42 37,000
Natural Gas 54 38
Petrol 47 36,000
Diesel 45 37,000
Dry wood or sawmill scrap 12.5 10,000
Ethanol 28 22,000
Biodiesel 38 34,000
Carbohydrates 17 12,750
Proteins 17 11,500
Sugar 10 8,500
Fat 37 33,000




Cost of kW sent out (without subsidies)

Energy Sources Cost (A¢/kWh)
Nuclear 6~8
Coal 2~4
Crude Ol ~
Natural Gas 5~7
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Scale - Efficiency — Cost — Environmental Impact

Energy Sources
Nuclear 50 MW ->1 GW
Coal 250 MW — 1 GW
Natural Gas 50 to > 500 MW
Solar PV ~ kW
Wind Turbines 0.1 -10 MW
Hydroelectricity 10 — 1000 MW
Geothermal 100 - 500 MW
Biomass-Fired Power Plant 10 — 100 MW
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Land Area
Population

Solar irradiance
Power consumption
CO, from electricity
COq

7.6 Mi

22 Milli

lion km?

10N

2200 kWh/m?/year
230 kWh/day/person
1.0 kg/kWh

21 tCO, /person/year
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Biogas and Anaerobic Digestion
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( RENEWABLE ELECTRICITY

s PURIFICATION
OF BIOGAS

’
PURIFICATION OF FLUE GASES | ="
PRODUCION OF ENERG L A0 UNSORTED WASTE USED
POWERED BY A STEAM TURBINE t F .
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e AD are used of high solids such as animal manure,
biological sludge, MSW, etc.

« AD for solid is usually a continuous flow stirred tank reactor
(CFSTR) for which HRT (Hydraulic retention time)~ SRT
(Solid Retention time) = 1.

e The Wet AD for solids is more similar to water treatment
AD.
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 No aeration and Less energy input:

0.5-0.75 kWh for 1kg COD removal.

e Output energy In the form of methane:

1.5 kWh produced for 1kg COD (40% conversion
of methane to electricity).



* Feedstock: source? Energy (Carbon) contents?
e Microbiology: Inoculation (type and size)

« Water requirement: wet AD need more water to
make slurry.

 Temperature
e pH value

 Reaction time (HRT/SRT)
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AD was widely used throughout the world.

The majority of plants are large scale with complex design.
(2,500 tonnes of waste per day).

Much of the technology is based in Europe.

Multi-stage processes are often used. particular digestion stage
can be optimised increase the reaction rate and amount of gas
produced.

Use thermophilic system to increase the gas production rate.

Most of the larger scale, industrial systems process MSW alone,
however the simpler, smaller scale systems are more
successful when co-digestion with animal manure is used. The
animal manure improves the C/N ratio of the feedstock and
alds the anaerobic digestion process, allowing a more simple
process to be used.
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 Composting: Major player in Perth.
 AD: some examples

e Gasification ??

e Pyrolysis??

e Combustion??

e Plasma??
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Aerobic (with air) v.s. Is anaerobic (without air).
Large v.s. small (digester, ‘tank’)
Compost v.s. compost+gas+processing water

Energy negative v.s. energy positive (renewable
energy)
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pH & T Control

Organic Wastes
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De-Dust —

Silo Sludge Mill

pH & T Control
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