











Figure C-4: Gerringong to Bomaderry or south of Bomaderry

Figure C-5: Berry to Bomaderry or south of Bomaderry
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Table C-1I:

Alternative route if road closed

% of
total
traffic

Distance
on

existing

road

Alternative route for road closure due to extreme rainfall conditions38

Distance of
alternative
route

North of Gerringong | 6.00% 29.5km No change®? 29.5km

Gerringong
Berry 0.50% 42 km Princes Highway?®, lllawarra Highway, Pearsons Road, Moss Vale Road, Kangaroo Valley Road into Berry 77.5km
Bomaderry | 2.10% 56.8km Princes Highway, lllawarra Highway, Pearsons Road, Moss Vale Road, Cambewarra Road, to Bomaderry 77.7km
South of 5.10% 56.8 km Princes Highway, lllawarra Highway, Pearsons Road, Moss Vale Road, Cambewarra Road, lllaroo Road, rejoin Princes 77 7km
Bomaderry Highway at Bomaderry

Gerringong | North of 6.30% 29.5 km No change 29.5km
Gerringong
Berry 1.10% 15.1 km Princes Highway past Kiama, lllawarra Highway, Pearsons Road, Moss Vale Road, Kangaroo Valley Road into Berry 104km
Bomaderry 1.00% 29.9 km Princes Highway past Kiama, lllawarra Highway, Pearsons Road, Moss Vale Road, Cambewarra Road to Bomaderry 104km
South of 0.30% 29.9 km Princes Highway past Kiama, lllawarra Highway, Pearsons Road, Moss Vale Road, Cambewarra Road, lllaroo Road, 104km
Bomaderry rejoin Princes Highway at Bomaderry

Berry North of 1.90% 42 km Kangaroo Valley Road, Moss Vale Road, Pearsons Road, lllawarra Highway, rejoin Princes Highway?! 77.5km
Gerringong
Gerringong | 0.30% 15.1 km Kangaroo Valley Road, Moss Vale Road, Pearsons Road, lllawarra Highway, Princes Highway to Gerringong 104km
Bomaderry | 2.60% 14.8 km Kangaroo Valley Road, Moss Vale Road, lllaroo Road to Bomaderry 33.1km
South of 2.90% 14.8 km Kangaroo Valley Road, Moss Vale Road, lllaroo Road, rejoin Princes Highway at Bomaderry 33.1km
Bomaderry

8 Assuming the Sand track closed as well under extreme weather conditions

% The road will still be open between the lllawarra Highway (the starting/finish point for trips to/from North of Gerringong) and Gerringong.

% It is unknown where the journey started, only that it was North of Gerringong. It has been assumed that all of the vehicles were travelling from beyond the lllawarra Highway turnoff. In reality there may be some

vehicles that started their journey between the lllawarra Highway turnoff and Gerringong. These people would have a longer detour so the detour may be slightly underestimated.

°! It is unknown where the final destination is, only that it is North of Gerringong. It has been assumed that all of the vehicles were travelling to beyond the lllawarra Highway turnoff. In reality there may be some

vehicles that finish their journey between the lllawarra Highway turnoff and Gerringong. These people would have a longer detour so the detour may be slightly underestimated.
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Table C-1 cont’d: Alternative route if road closed

% of Distance Alternative route for road closure due to extreme rainfall conditions?2 Distance of
total on alternative
traffic existing route
road
Bomaderry | North of 1.90% 56.9 km Cambewarra Road, Moss Vale Road, Pearsons Road, lllawarra Highway, Princes Highway 77.7km
Gerringong
Gerringong | 0.40% 29.9km lllaroo Road, Cambewarra Road, Moss Vale Road, Pearsons Road, lllawarra Highway, Princes Highway to Gerringong 104km
Berry 2.60% 14.8 km lllaroo Road, Cambewarra Road, Moss Vale Road, Kangaroo Valley Road to Berry 33.1km
South of 32.70% | O km No change Okm
Bomaderry
South of North of 4.90% 56.8 km Princes Highway to Bomaderry, lllaroo Road, Cambewarra Road, Moss Vale Road, Pearsons Road, lllawarra Highway, 77 7km
Bomaderry | Gerringong rejoin Princes Highway
Gerringong | 0.30% 29.9 km Princes Highway to Bomaderry, lllaroo Road, Cambewarra Road, Moss Vale Road, Pearsons Road, lllawarra Highway, 104km
rejoin Princes Highway to Gerringong
Berry 2.20% 14.8km Princes Highway to Bomaderry, lllaroo Road, Cambewarra Road, Moss Vale Road, Kangaroo Valley road to Berry 33.1km
Bomaderry | 25.00% | Okm No change Okm

92 Assuming the Sand track closed as well under extreme weather conditions
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The origin-destination data is the only available data giving information on the distance of the
journey. Whilst this data provides the proportion of traffic travelling on each route, it cannot be
scaled up to a daily figure. These proportions were applied to the average daily traffic flows, used in
the original economic study?3, along the study area%. For each vehicle the additional distance
travelled if the road is closed was calculated and used to estimate the costs of additional travel time
and additional vehicle operation.

In this analysis no distinction has been made between heavy vehicles and light vehicles. In reality,
heavy vehicles may not be able to use the proposed alternative route because of the steep grades
and tight curves at Macquarie Pass on the lllawarra Highway and at Kangaroo Valley on Main Road
261. In this case, the detour for heavy vehicles would be longer and the costs higher.

Cost of additional travel time

Average speeds of 72 km/h and 100km/h were applied to the existing road and upgraded road
respectively, consistent with previous work. The alternative route is slower. The route has windy
roads and additional traffic may cause congestion. These factors are assumed to result in a 10 per
cent reduction of the average speed of the existing road, and give a result of 65km/h. Table C-2
summarises the average speeds for each route. Combining these average speeds, with the additional
distance travelled, allowed the additional travel time to be calculated.

Table C-2:  Average speeds used to calculate additional travel time

Route Average speed
Princes Highway (existing road) 72km/h
Princes Highway (upgraded road) 100km/h
Alternative route 65km/h

A value of travel time of $31.00/hr/vehicle was applied to the travel time to calculate the cost of
additional travel time. The RTA Economic Analysis Manual (table 17, page 14) provides values of travel
time for different vehicle types in 2005 prices. These have been adjusted to reflect that this route
has a slightly higher proportion of heavy vehicles than the average figures in the manual. The
weighted average of the value of time is $29.70/hr for light vehicles in 2007 prices and $41.0/hr for
heavy vehicles. Over the study area there is an average proportion of | 1.8 per cent heavy vehicles,
providing a final average value of time of $31.00/hr.

The cost of closure is higher for the upgraded road as it is a faster road. The same method was
applied to 2027 traffic data (average daily traffic flows and origin-destination) and the years between
2007 and 2027 were interpolated. Between 2027 and 2045 traffic was assumed to grow at the rate
of the current economic model. After 2045, the last year of the current economic model, it was
assumed traffic would grow at 0.5 per cent a year. Table C-3 summarises the costs of the
additional travel time due to road closure in 2007 and 2027.

9 Chapter 9 of the Route Options Development Report, (November 2007)

% The average did not include the traffic flows on the Mount Pleasant ridge to Belinda Road section as this includes traffic that uses the
Sandtrack.
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Table C-3: Cost of additional travel time due to road closure

Value of additional travel Value of additional travel

time/day of road closure time/day of road closure
(2007) (2027)

Base Case (existing highway) $58,400 $134,300

Options (upgraded highway) $80,800 $184,400

Additional vehicle operating costs

Vehicle operating costs were estimated using parameters from the original economic appraisal®.
The unit vehicle operating costs were estimated for the three possible routes, with the speeds set
out in Table C-4.

Table C-4:  Vehicle operating costs

Average speed VOC - light VOC - heavy Weight VOC
vehicles vehicles
Princes Highway 72km/h $0.28/km $1.101/km $0.36/km
(existing road)
Princes Highway (new 100km/h $0.24/km $0.87/km $0.31/km
road)
Alternative route 65km/h $0.27/km $0.98/km $0.35/km

Daily vehicle operating costs are based on estimated annual average daily traffic and trip lengths.
Additional vehicle operating costs are estimated by taking the difference between the vehicle
operating costs of the Princes Highway (existing road and upgraded road) and the vehicle operating
costs on the alternative route (as set out in Table C-5).

Table C-5: Additional vehicle operating costs due to road closure

Additional vehicle operating Additional vehicle operating
costs/day of road closure costs/day of road closure

(2007) (2027)
Base Case (existing highway) $34,850 $80,700

Options (upgraded highway) $44,300 $101,850

Total costs of road closure

The daily costs of road closure due to an extreme rainfall event are calculated by adding the costs of
additional travel time (Table 2-7) and the additional vehicle operating costs (Table 2-8). Table C-
6 shows the total cost of road closure to be $95,000 per day on the existing road and $127,500 per
day on the new road.

% Chapter 9 of the Route Options Development Report, November 2007
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Table C-6: Total daily costs due to road closure

Total cost/day of road closure  Total cost/day of road closure

(2007) (2027)
Base Case (existing highway) $93,300 $215,000
Options (upgraded highway) $125,100 $286,300

The total cost of closure was obtained by multiplying the results by the duration of the closure.
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Not used
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Appendix D Methodology, data and assumptions for calculation of
greenhouse gas emissions from construction

Assumptions and data

Assumptions used in the greenhouse gas (GHG) assessment calculation include:

e  Transport of materials to/from site is by road only.

e  Materials are transported to site in a semi trailer (except for wet concrete) with a capacity of 25
tonnes.

e Concrete is transported to site in a 7 m3 concrete truck.

e It is assumed that concrete will be transported pre-mixed from the cement supplier.
e  Fuel used for transport of materials to/from site is diesel.

° Fuel used for all construction vehicles (dozers, loaders, etc) is diesel.

e  The full fuel cycle Emission Factor (EF) for the combustion of diesel is 2.9 t CO,.e/kL. The
density of diesel is 0.85kg/L.

e  Fuel consumption of a semi trailer is approximately 0.542L/km.
e  Assume steel is sourced 120 km from the project site.

e  The average recycled content of steel produced by BlueScope Steel in Australia is approximately
|7 per cent - 20 per cent (http://www.steelselect.com/directory/viewresource.php?id=4103).
Assume the recycled content of the steel used in the construction is 20 per cent.

e  The seven millimetres seal is assumed to be asphalt material.
e  Bridge Bl (short span <20m, I8 m wide plank) PSC bridge planks are one metre thick.
e  Bridge B2 (medium span <35m, I8 m wide Super T) Super T bridge planks are two metres thick.

Table D-1 shows the bulk density and emissions factor values of the construction materials which
were used to calculate GHG emissions.

Table D-1:  Bulk density and emissions factors of the construction materials

Material Concrete Steel @ Fill Select Asphalt Sand | Aggregate Precast
material concrete

Bulk
density
(t/m3)
Emissions | 0.1424* 1.6180" | 0.0015% | 0.0357+ 0.0357+ | 0.1924" | 0.0420" | 0.0177* 0.1424"
factor (in
t CO./t
of
material)

Note: *: Source: SimaPro Australian Database.
A, Source: SimaPro International Database.
+. Source: R&D in Concrete and Developing Sustainable Structures, Baweja, D., CEMEX Australia.
http://www.eng.jcu.edu.au/research/structure/VWorkshop_2008/09%20Dak%20-%20R&D%20and%?20Sustainable%20Development.pdf
It has been assumed that select material and base and sub-base materials have the same emissions factor as mined basalt.

#. Source: VicRoads ‘Framework to Calculate Greenhouse Gas Emissions from Road Construction’.
http://www.vicroads.vic.gov.au/Home/PublicTransportAndEnvironment/Environment/EnvironmentalProtection/Greenhouse.htm
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Information on the sources of construction materials have been taken from the Gerringong to
Bomaderry Princess Highway Upgrade - Route Options Development Report (November 2007).

Table D-2 shows the assumed haulage distances for various material types.

Table D-2: Source of construction materials

Material Supplier Location Approximate Assume
distance GETET-

from project distance

Sourced from cutting Various
Boral Dunmore Quarry Dunmore [ 9km
Albion Quarry CRS Albion 25km
Readymix
Cleary Brothers Quarry Albion Park 24km
Albion Park SCE Bombo I3km
Recyclers Bombo Quarry
Select Sourced from cutting Various 60
material Tomerong Quarry Tomerong 62
Hell Hole Quarry Falls Creek 47
Base and Tomerong Quarry Tomerong 62 40
sub-base Pioneer Shellharbour 22
Boral Dunmore 18
Hanson Construction Bass Point
Materials
Australian Steel Mill Port Kembla 36
Services
Bitumen Shell Clyde 154 120
Caltex Kurnell 16
Sand Rocla Kurnell 16 20
Mittagong 77
Pioneer Shellharbour 22
Boral Dunmore 18
Hanson Construction Bass Point
Materials
Australian Steel Mill Port Kembla 36
Services Dunmore 18
Dunmore Soil and Sand
Aggregate | Pioneer Shellharbour 22 20
Boral Dunmore 18
Hanson Construction Bass Point
Materials
Australian Steel Mill Port Kembla 36
Services Dunmore 18
Dunmore Soil and Sand
Cement Blue Circle Southern Berrima 77 40
Morgan Cement Port Kembla 35
International
Steel Various Various 120 120
Gerringong to Bomaderry Princes Highway upgrade — Sustainability Factors, Climate Change and Economic Appraisal Page D-2

March 2009 / Maunsell Australia Pty Ltd



The assumed fuel consumption of construction equipment used on site is shown in Table D-3. The
fuel consumption values presented have been sourced from various construction equipment suppliers
and Maunsell’s data obtained from working on other large infrastructure projects. The hours of
usage from the cost estimate was multiplied by the diesel consumption to calculate the volume of
diesel consumed by the equipment during the construction of the options.

Table D-3: Fuel consumption of construction equipment

Construction Diesel consumption
equipment (litres per hour)
Loader / dozer with rip I5
Backhoe 6

Moxies 8
Excavator 20T 15
Excavator PC300 20

Artic dump 25T 15

825 compactor 2

4G grader 16

140 grader 14
Scraper 15

50T rear dump 15

Crane 20

Paver 15

Truck 4

Water cart I5

Quantity of construction materials and fuel consumed

The construction material volumes and the construction equipment usages (hours) have been taken
from the detailed construction cost estimate tables which were prepared as part of the Gerringong to
Bomaderry Princess Highway Upgrade - Preliminary Concept Cost Estimate Report (November 2007).

Details of the GHG emissions calculated for each short-listed option are presented in Table 4-4.

To calculate the volume of diesel fuel consumed by the operation of the construction equipment on-
site, the hours of operation from the cost estimate were multiplied by the relevant diesel
consumption values for the different equipment types, (refer to Table D-3).

To calculate the volume of diesel fuel consumed to transport the construction materials to site, the
haulage distance estimated for each material type (refer to Table D-2) was multiplied by the number
of trips required to transport the material to site. The result was then multiplied by two to account
for the transport vehicle return from site.

Since the quantities used to calculate the GHG emissions were derived from the cost estimate,
consideration needs to be given to the assumptions which were used in deriving the cost estimate.
The Gerringong to Bomaderry Princess Highway Upgrade - Preliminary Concept Cost Estimate Report
(November 2007) includes a list of the assumptions which were used for the cost estimate.
Construction quantity estimates (prepared by Stephen Andrew) were an input into the construction
cost estimate.
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Table D-4: Summary of construction material and fuel volumes associated with each option

Material / Fuel Volume (tonnes)
Material / Option | Option2 Option3 Option4 Option5 Optioné Option7

Fuel

Operational

fuel

consumption 3,386 3,212 3,132 3,506 3,332 3,252 2,899
Precast

concrete 175,922 129,750 180,893 207,067 160,894 212,038 182,859
Aggregate 226,233 195,588 171,813 226,433 195,788 172,013 135,275
Sand 52,260 53,655 54,392 52,202 53,597 54,334 52,566
Asphalt 543,131 540,504 544,002 440,685 438,058 441,555 439,825
Steel 239 186 381 479 427 621 431
Concrete 169,969 190,413 204,854 161,858 182,301 196,743 164,616
Fuel to

transport

materials 4,869 4,760 5716 4,602 4,493 5,448 6,053
Base &

subbase 267,515 258,900 267,530 267,530 359,225 367,855 358,815
Select fill

material 428,518 423,699 429,936 429,936 423,203 429,440 423,203
Fill 232,871 242,387 | 1,308,515 213,740 223,256 1,289,384 | 2,375,866

Source: G2B detailed construction cost estimate tables.

The following is a list of items from the cost estimate tables which were excluded from the GHG
assessment (ie not included in the calculation of the material quantities or construction equipment
usage):

e Site office power.
e Lighting for night time construction.
e  Supply of:
- Silt fencing
- Hay bales
- Star pickets
- Truck wash shaker bays
- Reventment mats and rock
- Noise mitigation panels
- Lime
- Geotextile blankets
- Subsoil drainage infrastructure pipes, NFC, cleanouts and tailouts.
e  Flora and fauna.
e  Heritage and Indigenous.
e  Compensatory habitat.
e Reventment.
e Adjustment to existing services.
e Noise treatment of houses.

° Earthworks — demolition.
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e  Rock blasting.

e  Processing of blasted rock.

e  Treatment of acid sulphate soil.

e  Placement and compaction of verge material.
e Wick drains.

e  Preparation and installation of precast pipes, pits, headwalls, open drains, kerbing and box
drainage infrastructure.

e Line marking.
e Reinforced earth walls.
e Tunnel boring machine.

e  Tunnel temporary services.

e Lighting.

e New traffic lights.
e  Signage.

e  Topsoiling.

e  Hydroseeding.

e  Preparation and installation of concrete paving.

e  Fencing: rural; guide posts; guard rail and barriers; wire rope barrier.
e  Property adjustments.

e  Landscaping.

e  Urban design.

e  Variable message sign and intelligent transport system.

e  Truck stops.

e  Stopping bays.

e  Traffic control.

The following were also not included in this GHG assessment:

e  The disposal of material to landfill.

e  The use of electricity onsite (eg to power site offices etc).

Calculation of greenhouse gas emissions
Fuel

To calculate the greenhouse gas emissions from the consumption of diesel the following formula
from the National Greenhouse Accounts (NGA) Factors (Department of Climate Change, January
2008) was used:

GHG emiissions (t COz-e) = Q (kL) x EFoxij

Where: Q is the quantity of fuel (in kL).
EFoxj is the relevant emission factor (in t COz./kL).

The full fuel cycle Emission Factor (EF) for the combustion of diesel is 2.9 t CO,../kL (Department of
Climate Change, January 2008).
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Materials

To calculate the greenhouse gas emissions from the consumption of materials the following formula
was used:

GHG emissions (t COz-e) = Q (t) x EF (t CO;-e/t of material)

Where: Q is the quantity of the material (in t).
EF is the emission factor for the material (in t CO,../t of material).

For the purpose of the GHG calculation the SimaPro life cycle analysis model was used. The
emissions factor values of the construction materials are shown in Table D-1.
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Appendix E Greenhouse gas emissions from construction

Table E-1:  Construction greenhouse gas emissions associated with each option

Greenhouse Gas Emissions (in t COze)
Material / Option | Option2 Option3 Option4 Option5 Optioné Option7

Fuel

Operational

fuel

consumption 2,434 2,309 2,251 2,521 2,395 2,338 2,084
Precast

concrete 25,050 18,475 25,758 29,485 22910 30,193 26,038
Aggregate 4,000 3,458 3,038 4,003 3,461 3,041 2,392
Sand 2,197 2,256 2,287 2,195 2,254 2,285 2,210
Asphalt 104,481 103,975 104,648 84,773 84,268 84,941 84,608
Steel 387 301 616 775 691 1,005 697
Concrete 24,202 27,113 29,170 23,047 25,958 28,015 23,440
Fuel to

transport

materials 3,500 3,422 4,109 3,308 3,230 3916 4,351
Base &

subbase 9,550 9,243 9,551 9,551 12,824 13,132 12,810
Select fill

material 15,298 15,126 15,349 15,349 15,108 15,331 15,108
Fill 349 364 1,963 321 335 1,934 3,564
Total 191,449 186,042 198,739 175,327 173,435 186,130 177,301

Source: SimaPro modelling results, based on material/fuel volumes shown in Table D-3 and Emission Factors shown in
Table D-1.
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Not used
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Appendix F Peak Oil

Introduction

The theory of Peak Oil was first developed by M King Hubbert in 1956. The Hubbert model has
been used to forecast the peak petroleum production of oil producing countries where it follows a
bell-shaped curve. The theory assumes that oil prices rise as the world’s finite reserves of oil reduce
and are not sufficient to increase supply.

Industrialised economies are likely to be the most vulnerable given their heavy reliance on oil for
transport and industrial production. Less developed countries are also likely to be impacted because
of higher fuel, fertiliser and freight costs. Prices for food and other essential items are likely to
increase sharply resulting in higher global inflation. This occurred following the previous oil supply
shocks of the 1970s and 1980s.

Under a peak oil scenario, a higher oil price, rather than inducing a positive supply response, would
have little effect as remaining reserves are quickly depleted or those countries with reserves become
more protective of them.

If governments, business and individuals adopt a range of mitigating policy options in the short term,
this could soften any potential future impact.

The timing of the peak in oil production is disputed. This is because its key determinants are
uncertain, including the estimated amount of world reserves, the future rate of extraction of oil

reserves and the rate of growth in global demand which depends on population and increasing

industrialisation of developing economies. Different Peak Oil scenarios are summarised in Figure F-
l.

Figure F-1: Forecast world oil production - studies differ on the timing of Peak Oil
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Source: Maunsell, 2008
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The US Energy Information Administration® (EIA) in 2004, produced 12 different scenarios to
estimate the peak in oil production. These were based on three different estimates of oil resources
from the United States Geological Survey?” (USGS) and four different growth rates in world demand.
The USGS was released in 2000 and provides one of the more comprehensive assessments of the
world’s oil and gas resources. The EIA estimates production peak to occur between the years 2021
to 2112, with 2037 the most likely. This is based on the USGS’s mean estimate of world oil
resources (three trillion barrels) and annual growth in world demand of two percent, which is similar
to the present rate.

Proponents of Peak Oil theory are generally more pessimistic, arguing that the peak may have already
occurred or will do so in the next two decades. These include Jean Leherrere® who predicts that it
will occur in 2018. Leherrere questions the USGS’s assessment of world reserves which he suggests
is based on extrapolating the reserve growth model from the US proved estimates of old fields to
the proven plus probable new discovery of the rest of the world.

Table F-1:  Forecast timing of Peak Oil

Peak production

value
Peak date (mbpd)

EIA 2037 118

130
CERA 2035 (no peak but an

undulating plateau)

Laherrere (2006) 2018 93
Koppelaar (2006) 2010 9l
Skrebowski (2006) 2010 88
Association of Peak Oil and 2010 90
Gas
Staniford (Med) 2007 76
GBM (2003) 2007 76
Bakhtiari (2003) 2006 8l
Energy Watch Group (2007) 2006 8l

Source: Maunsell 2008

Chris Skrebowski, editor of the Petroleum Review?® believes global conventional oil supply and demand
inequities may have already begun. He suggests that there is greater rate of depletion of oil reserves
than what official statistics suggest because they are made up of nation wide figures, rather than field-
by-field numbers!.

% Long-Term World Oil Supply Scenarios, The Future Is Neither as Bleak or Rosy as Some Assert, By John H. Wood, Gary R. Long, David
F. Morehouse http://www.eia.doe.gov/pub/oil_gas/petroleum/feature_articles/2004/worldoilsupply/oilsupply04.html

97 http://certmapper.cr.usgs.gov/rooms/we/index.jsp
% When will oil production decline significantly?, Jean Laherrere ASPO, http://www.hubbertpeak.com/laherrere/EGUVienna2006.pdf
9 Petroleum Review is produced by the UK’s Energy Institute, http://www.energyinst.org.uk/

10 http://globalpublicmedia.com/chris_skrebowski_on_understanding_depletion
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Germany’s Energy Watch Group also believes production is at its peak and that output could fall to
half of the present levels by 2030'%!. According to the group discoveries of new oil fields have been
falling behind world production for some time. It notes that oil discoveries have slowed since the
1960s.

An alternative view is provided by the Cambridge Energy Research Associates (CERA).1922 CERA
supports an ‘undulating plateau’ rather than a peak in oil production. CERA believes if a ‘peak’ is
accepted, this could distort critical policy and investment decisions. CERA’s view is that this is
unlikely to occur before 2030, and could continue for one or more decades before declining slowly
so that there is time to develop viable energy alternatives.

Demand for oil

World consumption of oil was around 84 million barrels-per-day (bpd) in 2006 and is growing on
average by two percent each year. The largest consumers are the United States (21 million bpd)
followed by China (7.2 million bpd), Japan (5.2 million bpd), Russia (2.9 million bpd), Germany (2.7
million bpd), India (2.6 million bpd) and then Canada (2.3 million bpd). Australia consumes around
886 thousand bpd. On a per capita basis the world’s highest consuming country is the Virgin Islands
with the United States coming in |7th, Japan 35%, China |36t and India 160t. Even though China and
India are large consumers already they have a lot of catching up to do on a per-capita basis'3.

EIA forecast of world oil consumption is shown in Figure F-2.

Energy demand is distributed amongst four broad sectors: transportation, residential, commercial,
and industrial. Some countries are still using oil for electricity generation however its high price
relative to other electricity-producing sources is likely to limit further growth over time. The sector
that will probably see the highest annual growth in petroleum demand is transportation. The EIA is
forecasting cars and trucks will cause almost 75 per cent of the increase in oil consumption between
2004 and 2030.104

Figure F-2: EIA forecasts of world oil consumption by use and region
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1% http://www.energywatchgroup.org/fileadmin/global/pdf EWG_Oilreport_Summary_[0-2007.pdf

192 http://www.cera.com/aspx/cda/public | /news/pressRel /pressRel Details.aspx?CID=8444

193 |nternational Energy Outlook 2007, Energy Information Administration http://www.eia.doe.gov/oiaf/iec/index.html

14 International Energy Outlook 2007, Energy Information Administration http://www.eia.doe.gov/oiaf/ieo/index.html
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Much of this growth will be driven by developing economies, in particular China and India.
Developing countries are likely to increase their share of oil consumption due to their already high
and growing populations, increasing wealth and urbanisation and a rapid demand for motorised
transport. Since 2002 China’s oil consumption has grown an average eight percent per year which, if
maintained, would result in a doubling of its present demand to over |4 million bpd in nine years!'.

Along with industrialisation, population growth is also leading petroleum demand. The United
Nations is forecasting the world’s population to rise from 6.5 billion in 2005 to 8.3 billion in 2030 and
then 9.2 billion in 2050.!% Population growth in the developed world is expected to be marginal
over this period. In contrast growth amongst developing regions is steeper and starts from a higher
base expanding from 5.7 billion in 2005 to 7.9 billion in 2050.

Amongst OECD!97 nations, oil consumption has been growing at an average of 0.6 per cent per year
in the five years up to 2006. For non-OECD countries this average has been 3.8 per cent. World
growth over this time has been 1.9 per cent per annum!9,

The EIA projects world oil demand to climb from 85 mbpd in 2006 to |18 mbpd in 2030'%%. This is a
37 per cent increase. The International Energy Agency (IEA)!'° predicts that in a ‘reference scenario’
world demand for oil will grow to 92 million barrels per day in 2010 and | I5 million barrels per day
in 2030. It argues that resources are adequate to meet the demand providing there is adequate
investment; but it concedes that ‘financing the required investments in non-OECD countries is one
of the biggest challenges posed by our energy-supply projections.’

Australia

Australian consumed around 886 thousand barrels of oil per day in 2006.'!' Growth in consumption
has averaged |.2 per cent per year over the last decade. About 75 per cent of Australia’s petroleum
liquids use is in transport, mostly in road transport (60 per cent) and aviation (10 per cent).
Australia’s demand for petroleum (including crude oil and condensate) is expected to rise to over 1.2
mbpd by 2029 to 2030 (an increase of almost two per cent per year over the period).!'2. On a per
capita basis Australia is the 3 Ist largest consumer of oil in the world!!3.

An explanation of Australia’s relatively high per capita consumption of oil is that it is ‘automobile
dependent’. This is a term originally coined by Professors Peter Newman and Jeff Kenworthy of
Murdoch University in Western Australia.!'* This is partly explained by land use and geography with
large distances between cities and low density land use within cities making public transport
inefficient. Oil has become relatively cheap and affordable due to rising incomes since the last oil
shock in the late 1990s, which contributes to Australia’s high per capita cost of consumption because
it has made the cost of motoring decline in real terms over the last 20 years.

19 nternational Energy Outlook 2007, Energy Information Administration http://www.eia.doe.gov/oiaf/iec/index.html

1% World Population prospects: The 2006 Revision Population Database, United Nations Population Division.
http://esa.un.org/unpp/p2k0data.asp

17 The Organisation for Economic Co-Operation and Development, is an international organisation of thirty countries. It was set up
originally to administer the Marshall Plan following World War Il. http://www.oecd.org/home

1% |nternational Monetary Fund

19 Energy Information Administration, International Energy Outlook 2007, http://www.eia.doe.gov/oiaf/ieo/oil.html
' World Energy Outlook, 2007, International Energy Agency, http://www.iea.org

"' BP Statistical Review of World Energy, June 2006

"2 Australia’s future oil supply and alternative transport fuels, Rural and Regional Affairs and Transport References Committee, Australian

Senate interim report.
'3 http://www.nationmaster.com/graph/ene_oil_con_percap-energy-oil-consumption-per-capita

''* See Newman, P and Kenworthy, ] (1999) Cities and Sustainability: Overcoming automobile dependence, Washington, D. C. : Island Press
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To underline this point demand for vehicles is increasing. According to the Australian Bureau of
Statistics in 2007 there were 705 motor vehicles for every 1,000 people.!'> This compares to 663
vehicles per 1,000 residents in 2003, representing an increase of 42 per cent. New South Wales had
the largest share of the Australian fleet with 4.4 million (29.5 per cent of the total) registered
vehicles, followed by Victoria with 3.8 million (25.8 per cent) and Queensland with 3.0 million (20.5
per cent).

Figure F-3 shows the predicted increase in Australian population to 2050. Unless oil consumption

patterns change, the expected growth in population will cause a significant increase in the demand for
oil.

Figure F.3  Australian population forecasts

30
25

20
— NSW

Australia

15 +

Millions

R

oL
2005 2010 2020 2030 2040 2050
Source: Australian Burean of Statistics: Average of series A, Band C

Supply

Reserve estimates evolve with time and are subject to significant change. According to BP’s Statistical
Review of World Energy, proven oil reserves at the end of 2005 were 1.2 trillion barrels''¢. This
headline figure does not account for probable and possible resources which become ‘proven’ due to
further exploration and investment. Companies are likely to quicken this process in the present
environment while oil prices are so high. Moreover the headline figure does not include
unconventional reserves such as the Canadian oil sands, the Orinoco tar belt and oil shale. By adding
these in global stocks could conceivably quadruple to 4.8 trillion barrels.!'!?

The percentage of global resources recovered is also an important determinant of world supply. The
industry recovers an average of only one out of three barrels of conventional resources underground
and considerably less for unconventional sources.''® Due to improvements in extraction
technologies, this is expected to improve over time. A gain of 10 per cent in extraction efficiency on
a global scale will unlock 1.2 to 1.6 trillion barrels of extra resources, providing an additional 50 year
supply at current consumption rates.

"> Motor Vehicle Census, Australia 31 March 2006, 9309.0, Australian Bureau of Statistics, http://www.abs.gov.au/
!¢ BP Statistical Review of World Energy, June 2006
''7 Cambridge Energy Research Associates (CERA),

http://www.cera.com/aspx/cda/public | /news/pressReleases/pressReleaseDetails.aspx!CID=8444

''® The World Has Plenty of Oil, By Nansen G. Saleri, March 4, 2008; Page A17, The Wall Street Journal,
http://online.wsj.com/article/SB120459389654809 | 59.htmI!mod=googlenews_wsj
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Unreliable estimation of reserves

The main concern of Peak Oil theorists is that official estimates could be over estimating existing oil

reserves. The official statistics cannot be verified, in particular the reserve figures provided by

different countries in the Middle Eastern oil-producing region. During OPEC’s ‘quota wars’ of the
1980’s, stated reserves amongst these countries increased rapidly because the group attempted to
control supply which caused an incentive to inflate reserves. Prior to this time reserves had gone

unchanged for some time.

The rate of new discoveries is not keeping pace with production. Nearly all of Earth's prolific

petroleum basins are believed to have been identified and most are partially or completely explored.
All or nearly all of the largest oil fields in them have already been discovered and are being produced.

Production has clearly peaked and declined in some of the most prolific basins!!?.

In 2000 the United States Geological Survey (USGS) released its study of world crude oil and natural
gas'20, [t is still seen by many as one of the most comprehensive reports on these resources. It
estimated that the world’s total of conventional oil produced to date, including reserves that could
be added by 2025, is about three trillion barrels of which only one trillion barrels have already been
produced. This indicates that the peak in oil is some time away, particularly if unconventional oil

reserves are included.

Figure F-4:  World oil prices and production

100
90 ¢

80

All countries spot

70 prices

60
50

40 |

USS$ per barrel

30

20

10

0

1997 1999 2001 2003 2005 2007
Source: Energy Information Administration

Australia

Millions of barrels per day

86

84

82

80

78

76

74

72

Source: Energy Information Administration

2005

Australia has a very small proportion of the world’s oil reserves (0.3 per cent).'2! For some time

now its total consumption has been in excess of production. This situation is expected to worsen
over the long term. Australian Bureau of Agricultural and Resource Economics (ABARE) predicts
that Australia’s self-sufficiency in liquids fuel consumption will decline from 78 per cent in 2003 to

2004 to 49 per cent in 2029 to 2030.!22

"% | ong-Term World QOil Supply Scenarios, The Future Is Neither as Bleak or Rosy as Some Assert, By John H. Wood, Gary R. Long,

David F. Morehouse http://www.eia.doe.gov/pub/oil_gas/petroleum/feature_articles/2004/worldoilsupply/oilsupply04.html

120 United States Geological Survey Petroleum Assessment 2000 — Description and Results, http://pubs.usgs.gov/dds/dds-060/

12! BP Statistical Review of World Energy, June 2006

122 Australia’s future oil supply and alternative transport fuels, Rural and Regional Affairs and Transport References Committee, Australian

Senate interim report.
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Figure F-5: Australia — consumption versus production
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Oil production in Australia started at Moonie in 1964 and then jumped following the exploration of
the Gippsland oilfields in the 1960s. In 2006 Australia produced around 544 thousand barrels
daily'23. It consumed 886 thousand barrels daily. Geoscience Australia predicts that Australian
production of crude oil plus condensate will hold at these levels until about 2009 and decline
thereafter to about 224 thousand barrels per day by 2025.

Australia is almost certain to remain dependent on supplies from other oil producing countries.
Besides the threat of reduced supplies over the long term it is also vulnerable to short term shocks
such as wars, market crises such as oil embargoes and adverse movements in its exchange rate. It is
not alone with many other countries in the Asia Pacific also running short on production versus
consumption, which could worsen as many of these countries further industrialise.

A Peak Oil world

If the Peak Oil theory is accepted the prognosis as to what impact it would have on the world
economy varies enormously. The more pessimistic outlook includes a world-wide depression and a
sustained decline in living standards. The possibility of this outlook increases if the decline in oil
production were abrupt and if there is no economic resolution on an alternative energy source in
the near term. The impact would be most apparent in developed countries which tend to have
higher per-capita rates of consumption and a greater proportion of their economy dependent on oil,
particularly in transportation. However developing countries are also likely to experience a sharp
turn down and the improvement in incomes is likely to slow dramatically.

If the slowdown in oil supply is gradual, disruption will likewise be more marginal. A gentle, but in
the long term irreversible, price rise would initially impact on less-privileged groups who have no
alternatives but to use their own transport and who live on the outskirts of cities. Eventually the rise
would affect business decisions and then employment, as wages are forced upwards to accommodate
higher household costs. While this scenario still involves economic pain there is the highest
likelihood that the market will deliver an alternative fuel source in competition with the rising price
of petroleum products.

123 BP Statistical Review of World Energy, June 2006
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Prices

There is little evidence that the current rise in oil prices is caused by peaking oil supply. The
sustained increase in world demand, especially from developing economies, is the more important
driver of price. Oil prices have increased from around US$28 a barrel in 2003 to US$135.35 a barrel
in June 2008'24. The lift in demand (mostly from China) will take time to resolve. To increase supply
more than current rates requires large fixed capital investment and development. Events such as the
war in Iraq, the risk that hostilities may intensify in the Middle East and OPEC’s decision not to
release greater supply have also contributed to higher prices over this period.

Forward prices for oil support this rationale. The curves shown in Figure F-6, which extend out to
2015, show the rise in futures prices for the | | March and 12 June this year. The curve has lifted
due to new information regarding the current market. This is different to the shape of the cure
which are flat. The flatness says there is no expectation that the market will tighten further due a
structural shortage in supply — if there was the curves would be slopping upwards. For traders the
question is what impact will a possible recession in the US have on the world’s open economies and
whether this will result in a weaker demand for oil. The market must also contend with the
probability that new supply will eventually emerge via increased processing capacity and as new wells
are commissioned.

This does not mean that peak production may not eventuate. In this sense it is useful to analyse the
impact of the current price rise on transport choices and what this means for economic growth. If
oil production does begin to slow the effect will be an increase in global prices, and most probably
for a sustained period of time. Whether this be a gradual or steep incline will depend on the rate at
which supply eases and how quickly alternative oil sources and fuels are developed.

Oil demand is generally less responsive to price in the short term versus the long term.'25 Initially
people are likely to expect the price rise will be temporary and are willing to absorb the additional
costs particularly if real wages are also rising. If prices continue rising they are more likely to change
behaviour. For example in New South Wales, with fuel prices remaining high for the two to three
years there is now evidence of increased demand for public transport. In a recent media article
NSW’s CityRail reported an average increase in ticket sales of 4.3 per cent across Sydney in 2007
which was linked to higher fuel prices, population growth in the northwest and road tolls'26.

There is also evidence that demand for smaller more fuel efficient cars has risen, although this needs
to be tempered with figures showing car sales are up overall'?’ supported by lower-cost vehicles and
the higher Australian dollar. There is anecdotal evidence suggesting increased demand for inner-city
accommodation due to higher vehicle operating costs. Surveys show that along with higher
mortgage rates, households are nominating higher petrol prices as a key factor impacting on their
standard of living. Grocery prices have also been pushed up by rising fuel costs!28.

Business surveys are also registering the effects of rising fuel prices on their margins, along with
higher labour costs, the increased currency and the drought. Rising costs are pushing the inflation
rate beyond the Reserve Bank’s two to three per cent comfort band, triggering interest rate rises.

124 NYMEX crude oil light, TFC Commodity Charts, www.futures.tradingcharts.com.

12> The Demand for Automobile Fuel, A survey of Elasticities, Journal of Transport Economics and Policy, Volume 36, Part I, January 2002,
pp-1-26, by Daniel . Graham and Stephen Glaister.

126 Transport claims 700,000 new victims, Daily Telegraph, Larissa Cummings, 12 March 2008
127 Sales of New Motor Vehicles, Australia, Jan 2008, Issue 9314.0, Australia Bureau of Statistics

128 Australian Bureau of Statistics, Consumer Price Index, Australia, Mar, 2008, Catalogue number 6401.0
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An ABARE study of the impact of rising fuel prices found that for each 30 per cent rise in oil prices,
Australia’s Gross National Product would be on average 0.8 per cent lower than in the reference
case at 2010. If oil prices rose to be 60 per cent higher than in the reference case, GNP was
estimated to 1.2 per cent lower than in the reference case at 2010.!2°

Some businesses are able to switch to other fuels such as natural gas while others, particularly in the
transport sector, have no alternatives. Depending on how competitive these businesses are, it is
likely that a proportion of these costs will be passed on to the consumer. Other industries such as
mining, construction and agriculture, which tend to use more fuel than others, are likely to
experience higher costs. Industries which depend on discretionary spending are probably the most
vulnerable such as tourism and air transport.

Figure F-6: World oil prices - futures curve
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Demand and supply-side responses

It is suggested that if governments, business and community take steps now this could greenfield the
impact of a peak and a subsequent rise in prices. If a peak were to occur now oil prices could be
expected to rise to even higher levels. In Australia’s case this would require management of both
demand and supply. Particular focus should be on increasing fuel-efficiency and encouraging
alternative fuels. At present oil production falls short of supply making Australia reliant on other oil
producing countries and hence the world market. The oil produced in Australia is expected to
decline over time if there are no new discoveries.

On the supply side Australia is likely to concentrate its efforts on:

e  Exploring for more conventional supplies within Australia or Australian waters. ABARE
suggests that a number of offshore basins remain unexplored!39;.

e Encouraging alternative fuels such as biofuels and battery-power cars.;

e Developing coal-to-oil plants — South Africa’s coal-to-oil plants emerged following its
embargo on oil.

e  Building a stock pile of oil which could be used in the event of a supply shock.

12 Australia’s future oil supply and alternative transport fuels, Rural and Regional Affairs and Transport References Committee, Australian

Senate interim report.

130 Australia’s future oil supply and alternative transport fuels, Rural and Regional Affairs and Transport References Committee, Australian

Senate interim report.
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Government could subsidise these developments including more generous rebates for biofuels and
other unconventional supplies. That said, such steps are unlikely to reduce the world price of oil if
overall supply is in decline. Raising volumes of unconventional supplies would initially be costly until
development of economies of scale and a reliable distribution system. It is uncertain even then that
volumes of alternative fuels would reach the same level of competitiveness as conventional sources.
Presently coal-to-liquids plants remain prohibitive for a number of countries despite many of them
having sizeable coal supplies. This may change if the oil price climbs high enough.

A demand response could be concentrated on the following areas:

e Increasing the fuel efficiency of vehicles.
e  Encouraging alternative fuels for cars.
e  Promoting greater use of rail for freight.

e  Encouraging walking, cycling and public transport in cities and towns.

There are signs that increased fuel efficiency is already occurring as consumers switch to smaller
cars. However this could be quickened via government legislation to encourage consumers to buy
newer fuel efficient or hybrid vehicles. Already the government provides subsidies for the biofuels
industry however these could be made more generous in a Peak Oil environment.

At present road and rail have about equal shares of Australia’s total freight transport task in
tonne/kilometres (35 per cent and 37 per cent respectively, with 28 per cent sea and one per cent
air).!3! |t is expected given present trends, that an increasing proportion of freight will be carried by
roads even though road freight uses more fuel. Increasing investment in rail would reduce the
country’s dependence on road transport.

Finally, designing roads and cities and town centres to encourage walking, cycling and use of public
transport would be an effective means of reducing fuel demand.

131 Australia’s future oil supply and alternative transport fuels, Rural and Regional Affairs and Transport References Committee, Australian

Senate interim report.
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