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Dr. James E. Hansen, 1988 

• The earth is warmer in 1988 than at any time in since records kept  

• Can ascribe with high degree of confidence a cause & effect 

relationship to the greenhouse effect of anthropogenic emissions, 

mainly CO2 

• The greenhouse effect is already large enough to begin to affect the 

probability of extreme events such as summer heat waves 

• 99% certain that warming trend not a natural variation but caused by 

build up of carbon dioxide and other artificial gases in the atmosphere 

• If correct, then humans, by burning of fossil fuels and other activities 

(e.g. land clearing and deforestation) have altered the global climate in 

a manner that will affect life on earth for centuries to come 

• “Time to stop waffling so much and say that the evidence is pretty 

strong that the greenhouse effect is here.”  

 Hansen, J. E., 1988b. Testimony before US Senate Committee on Energy and Natural Resources. Greenhouse 

E· ect and Global Climate Change: Hearing before the Committee on Energ’ and Natural Resources, 100th Cong., 1st 

sess., 23 June 



Global Land-Ocean Temperature to 2012 
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 Summary.  Global surface temperature in 2012 was +0.56°C (1°F) warmer than the 1951-1980 

base period average, despite much of the year being affected by a strong La Nina.  Global temperature 

thus continues at a high level that is sufficient to cause a substantial increase in the frequency of extreme 

warm anomalies.  The 5-year mean global temperature has been flat for a decade, which we interpret as a 

combination of natural variability and a slowdown in the growth rate of the net climate forcing. 

 An update through 2012 of our global analysis
1
 (Fig. 1) reveals 2012 as having practically the 

same temperature as 2011, significantly lower than the maximum reached in 2010.  These short-term 

global fluctuations are associated principally with natural oscillations of tropical Pacific sea surface 

temperatures summarized in the Nino index in the lower part of the figure.  2012 is nominally the 9
th
 

warmest year, but it is indistinguishable in rank with several other years, as shown by the error estimate 

for comparing nearby years.  Note that the 10 warmest years in the record all occurred since 1998. 

 The long-term warming trend, including continual warming since the mid-1970s, has been 

conclusively associated with the predominant global climate forcing, human-made greenhouse gases
2
, 

which began to grow substantially early in the 20
th
 century.  The approximate stand-still of global 

temperature during 1940-1975 is generally attributed to an approximate balance of aerosol cooling and 

greenhouse gas warming during a period of rapid growth of fossil fuel use with little control on 

particulate air pollution, but satisfactory quantitative interpretation has been impossible because of the 

absence of adequate aerosol measurements
3,4

. 

 Below we discuss the contributions to temperature change in the past decade from stochastic 

(unforced) climate variability and from climate forcings. 

 

Fig. 1. Global surface temperature anomalies relative to 1951-1980.  The Nino index is based on the 

detrended temperature in the Nino 3.4 area in the eastern tropical Pacific
5
.  Green triangles mark the times 

of volcanic eruptions that produced an extensive stratospheric aerosol layer.  Blue vertical bars are 

estimates of the 95% confidence interval for comparisons of nearby years. 

http://www.columbia.edu/~mhs119/Temperature/Temperature_2013.01.15.pdf 

+0.56°C warmer in 2012 than 1951- 1980 base period average 

 



http://www.esrl.noaa.gov/gmd/ccgg/trends/ 

 



No Planet B 

• Mauna Loa May 2013, CO2 fluctuating around 400 ppm 

• Return to the atmospheric conditions of Pliocene, ended 

~ 2.6 million years ago; sea levels 25 m higher than now 

• CO2 rising at ~ 2 ppm per year 

• Increased 40% since start of industrial era ~ 1800 

• Need to stop almost all CO2 emissions to avoid reaching 

1 T trillion tonnes and > 2°C 

• Already emitted > 50% of this quota 

• Rest will be emitted by middle of this century 

• 50:50 chance of keeping human-induced average global 

warming below 2°C 

 

 



 Impacts of Temperature Increase 
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6  http://climatechangeauthority.gov.au/sites/climatechangeauthority.gov.au/files/files/caps/13-030-CATRIP.pdf 



Australian Climate Change Authority 

Starting points in April 2013 Issues Paper 

• In Australia’s interests to support global 

emissions reductions to limit global warming to 

2°C or less 

• Long term emissions reduction target is 80% 

below 2000 levels by 2050 

• Will report to Government by 28 Feb 2014 on 

national emission reduction target for 2020 

 

http://climatechangeauthority.gov.au/sites/climatechangeauthority.gov.au/files/files/caps/13-030-CATRIP.pdf 



   Australian Anthropogenic CO2 

http://climatechangeauthority.gov.au/sites/climatechangeauthority.gov.au/files/files/caps/13-030-CATRIP.pdf 

2010 Total CO2 543 Mt  

Transport, 15% CO2; 83 Mt; Road 71.5 Mt; Domestic Aviation, 6.2 Mt  



  

 

 

Advanced Biofuels Study Page 4  Summary Report  

2.3. Meeting Market Needs 

Australia currently consumes 51 gigalitres1 (GL) of liquid fuels, and this volume is 
expected to grow to 67GL by 2030 (Figure 1). 

Figure 1: Fuel demand in Australia (current versus future) 

 

Source:  ABARES; CSIRO; L.E.K. research, interviews and analysis 

Note:  CAGR = compound annual growth rate 

For a number of industry sectors, ABF are an important alternative fuel option, 
particularly where sector fuel demand is high, and few alternatives to non-renewable 
fuels exist. These factors, in addition to considerations around ABF suitability and 
ease of adoption make it possible to identify those sectors likely to benefit the most 
from the establishment of an ABF industry2. 

They are:  

 aviation (aviation fuel); 

 defence (assorted fuels);  

 freight road transport (diesel);  

 mining (diesel); and  

 marine (diesel and fuel oil). 
  

 

 
1 One gigalitre (GL) represents 2% of Australia’s current transport fuel usage 
2 End-use sector needs are discussed in further detail in Chapter Three of the Appendix 
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For a number of 

sectors, ABF are an 

important alternative 

fuel option

For the aviation 

sector, biofuels are 

the only feasible 

renewable fuel 

alternative

Future Transport Fuel Demand in Australia 

http://www.ret.gov.au/Department/Documents/clean-energy-future/advanced-biofuels-study.pdf 



Global Transport Energy by Source, 2010 

 

http://www3.weforum.org/docs/WEF_RepoweringTransport_ProjectWhitePaper_2011.pdf 

94% fossil sources 

60% global oil demand 

20 billion barrels 

23% GHGe; Aviation ~ 2.0% 



Global air passenger and freight forecasts 
R

e
v
e

n
u

e
 T

o
n

n
e

 K
il

o
m

e
tr

e
s
 

(P
a

s
s

e
n

g
e

r 
a

n
d

 C
a

rg
o

 i
n

 b
il

li
o

n
 t

o
n

n
e

s
) 

www.weforum.org/reports/policies-and-collaborative-partnership-sustainable-aviation 



Economic Value of Aviation & Tourism 

Global (ATAG figures) 

• $5.3 TR value of cargo handled in 2010 

• $2.2 TR global economic impact 

– 3.5 % global GDP; 19th largest economy if a country 

• 51% international tourists by air; $ 0.76 B world GDP 

• 56.6 M jobs supported; 8.36 M direct employees 

Australia (Boyd, Airshow 2013) 

• Domestic aviation annual revenue ~ $13 B 

• 43% leisure, 30% visiting FR, 22% business 

• $50 B economic value 

• 513,000 jobs supported by tourism, 45% tourism outside  

capital cities 

 



The Challenge for Airlines - Energy 

• No choice other than jet fuel 

• Fuel ~ 30% direct operational costs 

• Cost of fuel 2012 –  

• Qantas, $4.2 B; 27% 

• Virgin Australia, $1.1 B; 27% 

• Fuel supply affects business resilience – 

geopolitical & price volatility, low margins 



Nature, 481:433, 2012 



• Grew by 153% between 1971-2009, 

compared to overall global emissions growth 

of 102% (IPCC) 

• Will grow significantly during next decades 

• Carbon price/tax in various jurisdictions - $7 B 

environmental charges already levied on 

aviation 

• Airlines need social licence to operate 

• Emissions reduction an urgent need  
 

 

The Challenge for Airlines - Emissions 



Aviation Fuel Emissions 

Emitted Species Role and Effects at Earth Surface 

CO2 Direct radiative forcing warming 

 

H2O Direct radiative forcing warming 

Ozone depletion 

NOx Ozone formation; decreased CH4  

warming or cooling 

 

SOx Aerosols, contrails, cirrus clouds, ozone 

depletion  warming or cooling 

Soot Direct radiative forcing warming 

Contrails, cirrus cloudswarming 



IATA Emissions Reduction Roadmap 

Source: IATA, 2010 

CO2 
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Aircraft technology (known), operations and infrastructure 
measures 

Sustainable Aviation Fuels and additional technology 

Carbon-neutral growth 2020 

Gross emissions trajectory 

 

(schematic) 

Sustainable Aviation Fuel  

and Additional Technology 



Sustainable Aviation Fuels 

• Based on non-food biomass sources 

– waste streams (agriculture, forestry, household & 

industrial) 

– dedicated energy crops, break crops, grasses and algae  

• Significantly lower life-cycle GHGe compared to fossil fuels 

• Meet other sustainability principles & standards 

– environmental, social, economic 

• Generic hydrocarbon fuels compatible with fossil fuel 

infrastructure, incl. tanks, pipelines & fuel lines – drop-in 

• Price parity or better!  

 

 

 



Typical Distillation Ranges & C-No. for Fuels 

http://lae.mit.edu/uploads/LAE_report_series/2012/LAE-2012-005-T.pdf 



http://www.csiro.au/files/files/p10rv.pdf 
May, 2011 



http://www.csiro.au/files/files/p10rv.pdf 

50% SAF,  

50% GHG reductions 

2012 

Two commercial scale 

plants, 5% SAF 

2050 

2020 

Cost competitive 

with fossil fuels 

2030 

2040 
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Potential Biomass in Australia & NZ Relative 

to Total Aviation Fuel Demand 

Mostly lignocellulosic + oils in longer term 



Department of Resources, Energy & Tourism 

http://www.ret.gov.au/Department/Documents/clean-energy-future/advanced-biofuels-study.pdf 

ABF offer the potential for Australia to build a significant and 

sustainable new industry 



Characteristics of Various Feedstocks 

Source Examples Considerations 

Oils Oil Seeds (soy, carinata), algae Most expensive to produce, 

transportable, easy to refine 

Starches Corn, grain sorghum Moderately expensive, 

transportable and storable, easy 

conversion to sugars 

Sugars Sugar cane, sweet sorghum, 

sugar beet 

Less expensive, direct source of 

sugar, need immediate processing 

Biomass MSW, wheat straw, bagasse, 

forestry waste, high biomass 

energy crops 

Cheapest, limits on transport, 

storable, most difficult to convert 

Gases CO or CO2 Cheap, technologies early stage 

Yield is the major economic lever 



Building the Full Supply Chain  
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Commercial 
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Fuel Testing 

& Approval 

CO2 Life 

Cycle 

• Agriculture, forestry, horticulture, waste streams 

• Chemical, biological and process engineering 

• Fuel refining and distribution 

• Bioproduct manufacturers 

• Fuel users – heating, power, road, shipping & aviation 

• Whole-of-government engagement & coordination 

• Project financing based on value creation 



Australian Government 

 

• SAF MOU - 13 September 2011 

– Australian Government DRET 

– Federal Aviation Administration 

– Work plan through CAAFI 

 

 

• Dec 2011 

– Strategic Framework for  

   alternative transport fuels 

– SAF strategic priority 

 

 



July 2012 

US Dept of Navy petroleum use goals – 50%  for non-tactical vehicles 

by 2015; 50%  for tactical vehicles by 2020 



Airlines in Australia 

Qantas - 13 April 2012 

• Commercial flight return Sydney – Adelaide 

• Used cooking oil, 50:50 blend 

• Feasibility Study – DRET/Qantas/Shell 

Jetstar – 20 April 2012 

• Commercial flight Melbourne to Hobart 

Virgin Australia – 5% SAF by 2020 

• Biodiesel in ground transportation, Brisbane airport 

May 2012 

• Tallow/used cooking oil 20:80 blend 

• MOU with Brisbane Airport, SkyNRG, 30 Apr 2013 

 

 

 



• Public private coalition formed 09 August 2012 

• Advance the development of a commercially 

viable sustainable aviation fuels (SAF) industry 

• Implement Work Plan under USA AUS MOU 



Foundation Member Organisations 

• Each member to make at 

least one significant 

contribution prior to 30 

June 2013 

• “Skin in the game” 

necessary to achieve 

ambitious outcomes 

• Scope of contribution 

agreed up front 
 

QSAFI 



   AISAF Structure & Governance 

Members 

Stakeholders 

AISAF 

ARENA 

DRET 

Industry Sector 

WORKING GROUPS 



2012 2013 

Nov Dec Jan Feb Mar Apr May June 

Workshops 

Working 

Groups 

Govt 

Engagement 

Timeline 

Workshop 

#1 

(10 Dec) 

Workshop 

#2 

early May) 

ARENA 

review 

(30 June) 

Xmas 

Checkpoint 

Review 

(end Feb) 



 

Website - http://www.aisaf.org.au 

 

Low Carbon Jet Fuel. The Industry Flight Path 

Conference @ AIRSHOW2013, 26-27 Feb 

http://ussc.edu.au/events/past/Low-carbon-jet-fuel-

The-industry-flight-path 

 

 

 

http://www.aisaf.org.au
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Australia’s Production of SAF 2012 



CAAFI Observations @ ABLC April 2013 

• Production of SAF in US for test flights; plenty about which to be optimistic 

• Focus has been drawn to aviation 

• Whole-of-government approach working 

• Industry acceptance of SAF; integrated efforts accelerating progress 

• Feedstocks coming on stream at scale; portfolio of options expanding 

• Business case augmented with higher value products & strategic investors 

• Some paradoxical policy barriers to be broken down  

• 2 pathways approved by ASTM, 6 in process 

• ASTM bandwidth and cost issues – e.g. co-refining, costs of cert/qual 

• Data from facilities under construction needed for reality check  

• Common terms, units & techniques needed for technoeconomic work  

• Need to support environmental analysis and tools development 

• Supply chain development needs to start yesterday 

• Success emerging through US States building supply chains 

• Nothing like a real project to get things going  

 



Whole-of-Government Approach …to$facilitate$deployment$
Via$coordinated$linkage$of$Public$and$Private$efforts$

Farm to Fly Extension, Apr 2013 – USDA, FAA, Boeing, A4A; 1 B gall (4 GL) SAF by 2018  



http://www.uop.com/green-jet-fuel/ 

ASTM Approved UOP Green Jet FuelTM 

Air New Zealand, 2008; KLM 2009; Green Hornet, 2010; Gulfstream G450 N.J. to Paris, 2011; 

Qantas, 13 April 2012; Airbus/Air Canada Perfect Flight, 18 June 2012 

 



ASTM Approved Fischer Tropsch Fuel 



• Proprietary waste-to-FT; microchannel, small scale, efficient  

• Collaboration announced 2010; binding commitments, 2012 

• Consortium of companies: project development, technology, 

engineering, feedstock suppliers, financiers, end users  

• Feedstock, ~ 565,000 mT London rubbish 

• 39 M gallons FT (0.15 GL) jet & diesel + naptha 

• Fuel exceeds RSB sustainability thresholds 

 

© Copyright 2007- NextEnergy Ltd. 



KiOR – Small Scale Commercial Plant 

http://www.kior.com 

  

ASTM designation, Hydrotreated depolymerised cellulosic jet (HDCJ) 

Proprietary Biomass Fluid Catalytic Cracking Technology  

http://www.kior.com


Team Work is Key to Success 

Imperial College of London 

Virgin Atlantic Partnership 
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Fermentation of industrial waste gases to fuels and chemicals  



Feedstocks 

$40-$60 

Bio-Crude 

Production 

Upgrading 

(Refining ) 

Blending, 

Storage & 

Distribution 

Adv. Bio 

Fuels & 

Chemical 

Feedstocks 

$1,000+ 

Scalable, Sustainable 

Feedstock Supply Chains!

Catalytic hydrothermal reactor to produce green crude  



Where to From Here for Australia? 

• Nothing like a real project to get things going  

• Development of region-based feedstock strategies  

• Use a supply chain systems approach 

• Build robust partnerships; no one enterprise has all 

of the knowledge or resources   

• Everyone along the supply chain needs to benefit 

Role of AISAF is to make it happen 




