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Introduction

•We are moving towards greater environmental scrutiny of 
Industrial operations

•Reporting of emissions data will likely move progressively 
from voluntary to mandatory

•New Zealand’s emissions trading scheme (ETS) was 
passed into law on 10th September 2008

•Industries associated with the processing and use of fossil 
fuels will need to quantify and manage carbon emissions

•Whilst this is a good aspiration, for some Industries, it is a 
highly complex challenge.



Three Hard Truths have significant impact on how 
Bitumen industry will shape up in future

� More roads

� Demand moves from West to East
� Budget constraints 
� Urban mobility challenged
� Pavement Design and pavement serviceability 
changes

Demand

� Physical Risk
� Regulatory Risks

Climate 
Stress

� Potential for reduced Bitumen Supply
� Crude diet changes - greater variability in 
quality
� Polymer demand

Conv entio n
al supply



The complexity of the bitumen supply chain

Shell Pulau Bukom
Constructed ~ 1961
processes ~ 500,000 barrels/day
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MOGAS

MFO / Cracker feed

HVU and bitumen 
manufacture

Crude oil is heated to around 360 deg C and 
enters the Crude Distillation Unit (CDU). 
Lighter fractions evaporate and the vapour 
then recondenses as it cools at different 
heights of the column. The fractions are then 
drawn off at pre-determined positions.

Road grade Bitumen can only be made from a 
limited number of crude oils. For the NZ market 
these come almost exclusively from the Middle 
East
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Vacuum Distillation and Bitumen ProductionVacuum Distillation and Bitumen Production

The HVU operates at approx 
75mb which is 1/10th of 
atmospheric pressure

370 deg370 deg

Air

BBU

HVU: High Vacuum Unit BBU: 
Bitumen Blowing Unit

Oxyconversion of 
Short Residue 
produces Paving 
Grade Bitumen

In volume terms, bitumen represents 
approx 3% of the barrel

Transportation and storage at 
customer site

HCU feed
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Vacuum Distillation and Bitumen ProductionVacuum Distillation and Bitumen Production

The HVU operates at approx 
75mb which is 1/10th of 
atmospheric pressure

370 deg370 deg

HVU: High Vacuum Unit

BDU : Butane De-asphalting Unit

Hydrocracker feedstock

This is the so called ‘New Route’
process at NZRC



•NZRC is a small refinery in modern terms. It processes 
approximately 38 million barrels of crude per annum.

• NZRC produces: 

• 70% of NZ’s petrol

• 84% of NZ’s diesel

• 83% of NZ’s jet fuel

• 100% of NZ’smarine fuel oil

• 75% of NZ’s bitumen

The New Zealand Refining Company



• A similar sized refinery in Australia is reporting 
direct CO2 emissions of approx 1 million tonnes and 
0.4 million tonnes of indirect emissions

• Isolating the bitumen contribution to the refinery 
emissions requires complex measurement and 
modelling

• To date, this modelling has not yet been performed

Refinery emissions



• Refinery economics value bitumen in the context of 
alternative use of the hydrocarbon molecules. 
Bitumen is generally considered as an alternative to 
Fuel Oil in oil refining economics and thus must 
therefore deliver at least equivalent value to the 
refiner.

•Typically a heavy fuel oil produces  3.1 tonnes of 
CO2 for every tonne of fuel fired; Therefore when a 
decision is made to manufacture 1000 kt of bitumen 
instead of a heavy fuel oil this results in 3.1 million 
tonnes of CO2 being sequestered.

•Asphalt roads are therefore a means of 
sequestering CO2

Refinery emissions



•Estimations suggest that refinery bitumen 
production will generate 0.13 tonnes CO2 / 
tonne bitumen*

• In the context of the previously mentioned 
refinery in Australia, this equates to 
approximately 23kt CO2 or 2.3% of the 
refinery’s direct CO2 emissions

* This estimate will vary from refinery to refinery

Refinery emissions



Background

Road 

Construction

What is your 
Carbon Life Cycle
?

Source: Finnra Reports 17/2000



We know that:

Fuel Type Tonnes CO2 GJ /tonne Tonnes CO2/GJ
per Tonne/Fuel Fuel

Coal / FC coke 3.67 31.8 0.12
Crude oil 3.21 41.0 0.08
Diesel (C15 to C22) 3.12 42.9 0.07
Fuel gas/ Gas Turbine/ Gas Engine/ Gas heater (assumes pure methane)2.75 49.8 0.06
Gasoline/petrol (C5 to C12) 3.08 43.7 0.07
Kerosene (Jet Fuel) (C10 to C14) 3.11 43.3 0.07
LPG (Propane) 3.00 50.0 0.06
Marine heavy fuel oil 3.17 40.5 0.08
Purchased gas (C1 to C3) 2.80 49.9 0.06
Standard Refinery Fuel 3.14 42.9 0.07

Plants and Depots Energy Efficiency Tonne C02/tonne To nne C02/tonne Tonne C02/tonne
(GJ/tonne) (Diesel Fired) (LPG Fired) (Nat Gas Fired)

Import Depot (180 degC) 0.5 0.036 0.030 0.028
Import Depot (140 degC) 0.3 0.022 0.018 0.017
+ PMB Manufacture 0.25 0.018 0.015 0.014



For example, the Shell Bitumen storage depots in NZ 
are emitting:

Christchurch Lyttleton* :

• Throughput 12kt 

• 826 tonnes CO2 pa

Auckland Wynyard Wharf :

• Throughput 23kt

• 1444 tonnes CO2  pa

* Now owned by Fulton Hogan



In downstream bitumen activities asphalt production and paving 
accounts for 60% of carbon emissions in value chain

Observations on Energy / CO2 
Management in Bitumen

� Shell Bitumen can make a 
difference at customer end by 
offering Sustainable products & 
systems

� The energy to heat 5000 tonnes of 
bitumen from ambient to 150 
degrees Celsius is the same as 
maintaining a 5000 tonne tank at 
150 degrees Celsius for six months.

� Switch to more carbon efficient fuels 
in plants 

� LPG, Natural Gas vs Diesel

Manufacturing
Primary

Transport
Storage and
Processing

Secondary
Transport

Asphalt Mixing
and Laying

Manufacturing 
20%

Primary Transport 12%

Storage and processing 6%

Asphalt 
Production and 
Paving 62%



Can the carbon footprint of bitumen and asphalt be 
reduced?

Bitumen:

• lower storage temperatures

• improved tank insulation

• move to gas fired heating systems at bitumen facilities

• improved truck insulation

• cold transportation of bitumen

• use bitumen to sequester other materials (sulphur, crumb 
rubber?)

• extending bitumen with alternative materials (bio-binders)



Can the carbon footprint of bitumen and asphalt be 
reduced?

Asphalt:

•Warm Mixed Asphalt (WMA):  through viscosity reduction,     
foaming, combination of both techniques

•Low temperature asphalt (LTA): through emulsion 
technology

•Recycling: greater use of RAP

•Stabilisation: in-situ recycling of pavements



Can the carbon footprint of bitumen and asphalt be 
reduced?

Sprayed Seals:

• Emulsion seals

• Reduction in the use of cutback bitumen



Asphalt vs Concrete in road construction

• Cement production is a very energy intensive process

• It is acknowledged that cement production makes a 
significant contribution to environmental emissions when 
expressed in CO2 units

• Cement is used as the binding agent in concrete

• It is possible to compare the carbon footprint of asphalt 
and concrete road construction 



Background

Construction of 1km of Concrete 
Pavement generates 2,400 tonnes of CO 2

Construction of 1km of Asphalt 
Pavement generates 1,750 tonnes of CO 2

Construction of Asphalt Pavements generates 650 tonnes Construction of Asphalt Pavements generates 650 tonnes 
COCO22/km less compared to construction of Concrete Pavements /km less compared to construction of Concrete Pavements 

(27% Reduction)(27% Reduction)

Note: This calculation is only valid for the condition mentioned in the 
Source.
Source:ILV Report on "Life Cycle Assessment of Road - A Pilot Study for Inventory 
Analysis"



BackgroundVictoria’s first carbon neutral road 
construction project

This $13.3 million State Government funded project extends 
the duplication of Mickleham Road for 2.4km north from 
Barrymore Road to Somerton Road at Greenvale, providing 
two lanes in each direction. 
VicRoads has used the project as a pilot to measure the 
carbon footprint of road construction, and identify ways to 
potentially reduce and offset the carbon emissions from the 
roadworks.
Project-generated greenhouse emissions for the Mickleham 
Road upgrade will be offset with carbon credits sourced from 
an accredited offset provider, planting around 4,500 trees in 
the North West of Victoria. This equates to offsetting around 
40 million black balloons



How the carbon footprint was calculated

When constructing the 2.4 km road duplication, VicRoads
identified greenhouse emissions generated for the road works 
from materials such as concrete, crushed rock, steel and asphalt.

To accurately calculate the overall carbon footprint, fuel 
consumed by construction equipment and in trucks delivering 
materials to the site was also considered, along with the operation 
of site buildings.

Victoria’s first carbon neutral road 
construction project



BackgroundVictoria’s first carbon neutral road construction 
project

$13.3 million Mickleham Road duplication project

Embodied carbon

� Concrete (37%)

� Cement treated crushed rock (29%)  

� Aggregate/base (21%). 

� Asphalt 7%  

� Steel 6% 

Source : Vicroads



New Zealand has around 2.5 million 
cars on the road.

The average CO2 emissions from a car 
are in the order of 265g/km

Assuming an average mileage of 12000 
km a year each car produces around 
3.2 tonnes CO2.

Total CO2 is therefore around 8 million 
tonnes



From the previous example of 
asphalt pavement construction vs 
concrete pavement construction, 
the saving of 650 tonnes of CO2 
per km of road is equivalent to 
taking 200 cars off the road per 
annum



Concluding remarks

•We have approximate figures for the carbon footprint of 
bitumen at manufacturing and storage sites

•Isolating the precise CO2 value attributable to bitumen 
along the supply chain is a complex problem

Crude 
acquisition

Crude 
transportation

refining Product 
storage

Product 
transportation

Product 
usage

•Further work is required to obtain accurate data in 
support of the existing values already discussed



“Lives of great men all remind us,

We may make our lives sublime,

And departing leave behind us

footprints in the sands of time”

Henry Longfellow: Voices of the night. 1839

“Lives of great men all remind 
us,

We may make our lives sublime,

And departing leave behind us

Carbon footprints in the sands of 
time”

Thank you for your attention


