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Outline 

Â Energy and sustainability 

Â Biomass properties 

Â Biomass processing technologies 

Â Production of biofuels 

Â System engineering of  

           biomass applications 
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Total world primary energy production 

Source: IEA, International Energy Agency, Biofuels and Waste, 2013 
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Waves of Innovation 
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Investments in renewable and biomass 

energy 

Source: McCrone, et al., 2011 

0

50

100

150

200

250

2004 2005 2006 2007 2008 2009 2010

T
o
ta

l 
n
e
w

 i
n
v
e
s
tm

e
n
ts

 f
o
r 

re
n
e
w

a
b
le

 e
n
e
rg

y
 (

U
S

$
B

N
) 

Year 

0

5

10

15

20

25

2004 2005 2006 2007 2008 2009 2010

N
e
w

 i
n
v
e
s
tm

e
n
t 

(U
S

$
B

N
) 

Year 

Biofuels

Biomass



8 
   

     

Definition of biomass 

Â any renewable material sourced from a biological 

origin and includes anthropogenic-modified material 

including products, by-products, residues and waste 

from agriculture, industry and the municipality 

 

CO2 + H2O + hv Ÿ {CH2O} + O2  

Where hv is the energy from the sun and 

{CH2O} is the organic plant material with the basic 

form accepted to be that of glucose C6H12O6 

 

Source: McKendry, Bioresource Technology, 83, 37-46, 2002 
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H:C to O:C diagram 
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Biomass fuel quality 

Â Lipid to carbohydrate ratio (L/C) 

Ç L/C >0.5 suitable for biodiesel production 

Ç African oil palm L/C = 4.7 

Â Carbohydrate to fibre ratio (C/F) 

Ç C/F>5 indicates suitability for fermentation 

Â Moisture to Fixed Carbon ratio (moist/FC) 

Â Ash to Fixed Carbon ratio (ash/FC) 

Â Mineral matter properties 

Â Grindability 
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Sustainability Indicators for Power 

Generation Technologies 

Â Sustainability = Benefits / Risks 

 Risk = Hazard + Outrage (P. Sandman, 1993) 

Â Parameters: 

Ç Cost of electricity 

Ç Greenhouse gas emissions 

Ç Availability of resources and technological limitations 

Ç Efficiency of energy generation 

Ç Land use 

Ç Water consumption 

Ç Social impacts 
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Typical Costs for Electricity Generation 

Mean Price 

USD/kWh: 

Biomass 

    DEC $0.054 

    Res $0.08 

PV  $0.24 

Wind  $0.07 

Hydro $0.05 

Geoth $0.07 

Coal $0.042 

Gas $0.048 

Nucle $0.043 
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Greenhouse Gas Emissions for Electricity 

Generation 
GHG emissions 

gCO2-e/kWh: 

Biomass 

 DEC   62 

 Res   30 

PV    90 

Wind    25 

Hydro   40 

Geoth   170 

Bioma    60 

Coal   1000 

Gas   543 

Nucle   16 
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Fossil Fuel Reserves 

Â Under current consumption rates fossil fuel 

reserves are estimated at: 

 Black Coal Ÿ 173 years 

 Brown Coal Ÿ 225 years 

 Oil Ÿ 45 years 

 Gas Ÿ 66 years 

 (Uranium Ÿ 49 years) 
 

From: Fossil Fuels Reserves and Alternatives, Royal Netherlands Academy of Arts & 

Sciences, 2005 
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Land Use and Water Consumption 

Technology Footprint m
2
/kWh Water use kg/kWh

Biomass DEC 0.553 90

Biomass Res. 0.001 78

Photovoltaic 0.045 0.01

Wind 0.072 0.001

Hydro 0.152 36

Geothermal 0.05 12

Gas 0.003 78

Coal 0.004 78

Nuclear 0.0005 107
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Survey 

Â Solar is the most popular technology by a 

significant margin with 50% of support 

Â Wind has high public support at 13% 

Â Geothermal and biomass are not well understood 

in Australia 

Â Hydro is favoured when existing dams are used, 

new dams are highly controversial 

Â 70% of Australians want to move away from coal 

and >75% do not want nuclear introduced 
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Sustainability Ranking 

Ranking Technology Scaled Value 

1 Wind 0.55 

2 Hydro 0.57 

3 Geothermal 0.70 

4 PV 0.77 

5 Biomass Residues 0.78 

6 Gas 0.79 

7 Nuclear 0.79 

8 Coal 0.82 

9 Biomass Crops 1 

Sources:  

Evans et al., Renewable and Sustainable Energy Reviews, 13, 1082-1088, 2009 

Evans et al., Renewable and Sustainable Energy Reviews, 14, 1419-1427, 2010 
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Source: N. Myers, 2006 
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Processing of biomass fuels 
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Biomass combustion 
Cofiring with coal: 

1) direct co-firing where biomass is 

pre-mixed with coal and then fed into 

the combustor along with coal;  

2) parallel co-firing, where biomass 

and coal are combusted in separate 

combustors and the steam streams 

produced from different combustors 

then converge;  

3) indirect co-firing, when the biomass 

fuel is firstly gasified separately and 

the produced gas is then combusted 

in the downstream coal boiler. 
 

Source: Strezov and Evans, Biomass Processing 

Technologies, CRC Press, 2014 
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Generations of Liquid Biofuel 

Sources 

G1 
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Biodiesel production 
Five steps:  

(1)oil production,  

(2)pretreatment of oils to remove 

components that would be 

detrimental to subsequent 

processing steps,  

(3)esterification whereby the 

pretreated oils are reacted with 

alcohol to form alkyl esters 

(biodiesel) and glycerol,  

(4)separation of the glycerol from the 

alkyl ester, and  

(5)alkyl ester purification to remove 

any soaps and remaining methanol, 

catalyst and glycerol 
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Biofuel production in 2012 

Source: FAPRI (Food and agricultural policy research Institute), 2013  

Biodiesel production Ethanol production 
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Biofuel production in 2011 

Source: Euromonitor International (2012) 


