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detailing the key findings of Task 1b specified in the 
Requirement in Attachment A. Delivery format to be 
agreed with the Commonwealth. 

• Provide a short summary and presentation (in person or via
video conference) to the Commonwealth detailing the key 
findings of Task 2 specified in the Requirement in 
Attachment A. Delivery format to be agreed with the 
Commonwealth. 

• Provide progress updates on the detailed model
development and findings. 

• Provide a presentation to the Commonwealth and key
stakeholders (in person or via teleconference) on the final 
model and key modelling findings. 

• Provide training and a formal handover of the final,
detailed model to relevant Commonwealth staff.  

9. Project Officers 13.1 Commonwealth  
 

Australian Energy Security Section 
Ph:  

@environment.gov.au 

Contractor 
 

Cadence Economics 
Ph:  

@cadenceeconomics.com.au 
Further contacts are listed in Section 6.6 of the quote. 

10. Performance
Criteria

1.1 and 14 Reports, presentations, model, modelling findings and training 
to be delivered on time and reflect the detail and scope set out 
in Item 6, as well as reflect the Contractor’s RFQ response and 
any other requirements as per the Deed.  

The required services are to be delivered to a high standard. 
Ongoing performance will continue to be monitored and 
discussed as part of any regularly scheduled meetings that may 
be proposed during the engagement.  All deliverables must 
meet Performance Criteria as per clause 11 of the Deed.  

Additional Performance Criteria for each milestone are 
detailed in the table below. 
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transport) will be 
clearly explained 
for the three 
scenarios 
including 
explanations of 
any limitations 
of the modelling. 

Projections modelling of 
oil, condensate, LPG, 
natural gas liquids 
and biofuel 
production in 
Australia through to 
2035 by type and in 
aggregate having 
regard to available 
reserves and 
resources. 

This includes 
sensitivity 
analysis for oil 
price variation 
impacts and 
other macro and 
micro economic 
drivers 
influencing 
indigenous 
production.  

This also includes 
detailed 
discussion of 
modelling 
assumptions as 
well as 
explanations of 
any limitations 
of the modelling. 

The information is 
delivered at a level of 
detail sufficient to support 
the development of the 
supply chain model as 
outlined in the 
Requirement in 
Attachment A and to meet 
the needs of the 
Commonwealth as agreed 
at the inception meeting 
and reflected in the project 
scope (Milestone 1). 
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d) is at a high standard
as set out in the Deed

e) is user friendly

Training of 
Commonwealth staff is to a 
high standard and allows 
the Commonwealth to use 
and further develop the 
model into the future. 

Documentation is delivered 
at a high standard, is 
appropriate to meet the 
Commonwealth’s needs 
and easy to understand. 

11. Specified
Personnel

1.1 and 15  (MJA)  
 (MJA)  

MJA)  
 (MJA)  

 (MJA)  
 (Cadence Economics)  

 (Cadence Economics)  
 (Cadence Economics) 

 (BAEconomics)  
 (Hale & Twomey)  

 (Hale & Twomey)  
 (Hale & Twomey) 

12. Commonwealth
Material

1.1 and 16 The publications and datasets provided by the Commonwealth 
to the Contractor to assist in the development of the model 
including confidential publications and publicly available 
commissioned studies which have been published at 
https://www.energy.gov.au/government-priorities/energy-
security/energy-security-assessments. 

13. Pre-existing
Material

1.1 and 17 Commonwealth 

As above. 

Contractor 

Not applicable 

14. Intellectual
Property Rights

1.1 and 17 Intellectual property position is to be the first model identified 
in clause 17.4 of the Deed.  
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in Item 10. This assessment must take place within 
10 Business days of delivery of the milestone.  

(ii) If a milestone is assessed by the Commonwealth to 
meet the relevant Performance Criteria specified, 
the Commonwealth will pay the Service Charges 
specified for that milestone in the Payment 
Schedule in Item 15.  

(b) Notification of non-compliant milestone 
(i) If a milestone is assessed by the Commonwealth to 

fail one or more of the Performance Criteria 
specified for it Item 10, the Commonwealth may, 
within 10 Business Days of delivery of that 
milestone, reject the milestone.  

(ii) If the Commonwealth rejects a milestone in 
accordance with (b)(i) above, the Commonwealth 
must at the time of the rejection provide a written 
notice to the Contractor identifying which 
Performance Criteria the milestone has failed. 

(iii) The Commonwealth does not have to pay any of 
the Service Charges specified in Item 15 in respect 
of a milestone that is the subject of a notice 
provided under (b)(ii) above until the Contractor 
has rectified the milestone in accordance with (c) 
below. 

(c) Rectification of non-compliant milestones 
If the Commonwealth notifies the Contractor that it has 
rejected a milestone, the Contractor must, at no 
additional cost to the Commonwealth: 

(i) take all necessary the steps to ensure that the 
milestone is promptly corrected; 

(ii) give notice to the Commonwealth when the 
milestone has been corrected; and 

(iii) allow the Commonwealth to repeat the assessment 
of the milestone against the Performance Criteria 
specified for it in the Item 10, 

within five Business Days after the date of the notice 
or such other time as agreed between the parties in 
writing.  

(d) Right to terminate 
If any Service or Deliverable fails to meet the one or 
more of the Performance Criteria specified for that 
Service or Deliverable in Item 10 on two or more 
occasions, the Customer may, (in addition to its other 
remedies) terminate the Order immediately under 
clause 22.2 of the Deed of Standing Offer by giving 
the Contractor written notice.  
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2. 90 day Contractor Warranty

(a) If the Commonwealth identifies any defect with the
Final Model, the Commonwealth may notify the 
Contractor about that defect in writing.  

(b) Where the Contractor receives a notification under 
item 17(a) within 90 days following the delivery of the 
Final Model, the Contractor agrees that it will rectify, 
at no cost to the Commonwealth, the defect identified 
in the notice within 5 Business Days, or within a 
longer period notified to the Contractor in writing by 
the Commonwealth. 

Other- 
Confidential 
Information 

NA 
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ATTACHMENT A 

DESCRIPTION OF SERVICES 

The Contractor will deliver services as described in this document. 

CONTENTS 

Part A: Services Required ........................................................................................................ 2 

Overview ........................................................................................................................... 2 

Why is the Commonwealth procuring this modelling? ........................................................ 2 

The Requirement............................................................................................................... 3 

Diagram A: Conceptual diagram of the complexities of the physical flow of liquid fuel to 
Australia.............................................................................................................................. 14 

Part B: Original proposed methodology (as described in the supplier’s original quote) ...........15 

Part C: Answers to clarification questions about the quote ..................................................... 32 

Part D: Addendum to original quote .........................................................................................40 
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PART A: SERVICES REQUIRED 

Overview 

The Contractor will undertake the following tasks relating to Australia’s liquid fuel supply: 

• Task 1: Develop a liquid fuel supply chain model for Australia, encompassing both
international and domestic elements of the supply chain. This task will comprise the
following:

a. Developing of the model, and

b. Addressing information gaps identified by the Commonwealth.

• Task 2: Mapping and projections modelling of Australian production and demand for liquid
fuels.

Further work may be commissioned at agreed rates (Task 3). 

Throughout the project, independent validation of information will be undertaken where 
possible. 

The models developed will be owned by the Commonwealth to update and use in the future. 
The Contractor will train Department of the Environment and Energy staff in the use of the 
models.  

Diagram A: Conceptual diagram of the complexities of the physical flow of liquid fuel to 
Australia. 

Why is the Commonwealth procuring this modelling? 

The Commonwealth is undertaking this project to: 

• Understand Australia’s liquid fuel supply chain from both a physical and market
perspective, including how companies manage their risk.

• Quantify the relative level of risk of different parts of the supply chain to:

- identify pressure points and potential weaknesses in the supply chain

- help the Commonwealth to understand options for improving the adequacy, reliability
and affordability of liquid fuel in Australia. 

• Test the resilience of the system under various scenarios

- For example, given an upstream supply disruption scenario, what would be the impacts
on downstream supply? 

- Alternately, given a downstream supply disruption scenario, the model will help to 
identify potential upstream causes of the disruption. 

- Also identifying the impact of possible mitigating treatments/policy measures such as 
increased stockholdings or demand response measures. 
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• Identify potential structural changes in the upstream and downstream industries occurring
now and into the future, and what impact these changes will have on liquid fuel supply and
demand in Australia including the overall impact on net oil imports.

• Obtain a credible forecast of upstream oil production and petroleum product demand to
2035 to enable the Australian Government to undertake modelling to better understand its
future International Energy Agency obligations, particularly as this relates to net oil imports.

This work will support the Commonwealth deliver a review of Australia’s liquid fuel security to 
Government by the end of 2018, and contribute to the delivery of a broader consideration of 
energy security across liquid fuel, electricity and gas supplies in the National Energy Security 
Assessment in mid-2019.  

The Requirement 

Task 1: The Supply Chain Model 

The work to be undertaken on the supply chain model will include the following: 

• Task 1a: Development of the model, to be delivered in four stages:

: Part i: A draft ‘alpha’ model for testing with the Commonwealth 

: Part ii: An updated ‘beta’ model reflecting feedback from the Commonwealth on the 
draft ‘alpha’ model produced as Part i 

: Part iii: A draft ‘theta’ model of the complete supply chain 

: Part iv: The final model, reflecting feedback from the Commonwealth on the draft 
‘theta’ model produced as Part iii 

• Task 1b: Address information gaps identified by the Commonwealth.

The supply chain model will provide a framework for understanding the liquid fuel supply 
chain, identifying potential vulnerabilities and providing a basis for scenario testing. It will 
follow crude oil from production to refining then have separate supply chains for petrol, diesel 
and jet fuel.  

The Contractor will consolidate material from existing sources wherever possible to populate 
the model. The Contractor will undertake desktop literature research and engage with key 
stakeholders and other government departments which may be a source of information on the 
liquid fuel supply chain.  

• The Commonwealth will support the Contractor through the provision of materials and
introductions to other government agencies as outlined in the ‘material provided’ ‘section.

• The Contractor will use its networks in the petroleum and related industries to gather
information.
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Task 1a: Development of the model 

The model will cover supply from liquid fuel production through to consumption of petroleum 
products. It will include information about the physical supply chain, market operation and risk 
(including how risk is managed).  

• The Contractor will conceptualise the format for the model. 

• The model will cater for use as described in the above section ‘why is the Commonwealth 
procuring this modelling?’ 

• The diagram at Diagram A is a conceptual representation describing the complex 
interconnections of the physical liquid fuel supply chain that the model will capture. 

• For each stage of the supply chain the model will capture: 

- Physical location 

- Production volume or transport capacity 

- Stocks 

- Timeframes 

- Ownership 

- Spare capacity and response timeframes 

- How does the price signal work (for example is the price set at a global/regional level) 

: When does the price signal stop working in each part of the supply chain (when 
price is no longer determining where liquid fuel will flow, and other factors become 
more dominant). 

• The model will capture different levels of detail for the international and domestic parts of 
the supply chain: 

- International: Describe how the international supply chain impacts on price and 
availability of fuel for Australia. This should be high level, for example looking at 
countries/regions/globe as a whole. 

- Domestic: Describe how the distribution of liquid fuel within Australia operates, in 
particular how it relates to price, supply/demand balance and risk. This will require a 
greater level of granularity and depth than the international component of the supply 
chain model, and should include regional analysis to capture the unique challenges 
Australia faces with distributing fuel over large distances. 

• Recognising that the supply chain is dynamic, the model will recognise uncertainties and 
be capable of adjustment as required into the future.  

• The Contractor will consult with the Commonwealth throughout the development of the 
model.  

- The Contractor will consult with the Commonwealth about information gaps.  
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- The Contractor will provide training in the use and development of the model to allow 
the Commonwealth to use and further develop the model into the future. 

• Further details on the approach to be undertaken by the Contractor are outlined in Parts B,
C and D.

 Task 1b: Addressing information gaps identified by the Commonwealth 

The Commonwealth has identified data information gaps relating to: 

• Transport of liquid fuels from storage terminals to wholesale/retail sites and some major
consumers (e.g. trucking capacity, driver availability, diversity of ownership of trucking
fleets).

• Liquid fuel port infrastructure (e.g. berths including potential congestion, discharge rates,
storage capacity).

• Domestic jet fuel infrastructure assets (updating existing information on domestic fuel
infrastructure).

The Contractor will provide this information in a timely and efficient manner. Separate reports 
with the data collected will be provided and the information incorporated into the liquid fuel 
supply chain model. 

Task 2: Mapping and projections modelling of Australian production and demand for 
liquid fuels 

• Mapping of current Australian demand for liquid fuel by fuel type.

- This information will be included in the liquid fuel supply chain model (Task 1).

• Modelling of Australian demand for liquid fuel (by fuel type) and associated transport fuels
and technologies (e.g. electric vehicles, hydrogen). Projections modelling of future (to
2035) for the same.

- This includes mid, high and low demand scenarios.

- Detailed assumptions in terms of policy settings, macro and micro economic drivers
etc. of demand by sector (e.g. road transport, passenger and freight; air transport; 
mining; manufacturing; agriculture; rail transport) will be clearly explained for the three 
scenarios including explanations of any limitations of the modelling. 

• Projections modelling of oil, condensate, LPG, natural gas liquids and biofuel production in
Australia through to 2035 by type and in aggregate having regard to available reserves
and resources.

- This includes sensitivity analysis for oil price variation impacts and other macro and
micro economic drivers influencing indigenous production.  

- This also includes detailed discussion of modelling assumptions as well as 
explanations of any limitations of the modelling. 
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• Further details on the approach to be undertaken by the Contractor are outlined in Parts B,
C and D.

Task 3: Indication of capacity to undertake further work 

The Commonwealth reserves the right to request that the Contractor undertake further work 
commissioned by the Commonwealth at the agreed rates below. This project may include 
evidence gathering on any identified vulnerabilities in the supply chain where the 
Commonwealth believes a more rigorous evidence base is required. It may also include 
gathering data on additional information gaps identified during the development of the supply 
chain model. 

Further works will be agreed upon between the Parties through a written Variation to this 
Contract.  

The agreed rates are: 
Personnel Charge out rate per day 

(excluding GST)  
 (MJA) 
 (MJA) 

(MJA) 
 (MJA) 

 (MJA) 
Cadence Economics) 
 (Cadence Economics) 

(Cadence Economics) 
 (BAEconomics) 
 (Hale & Twomey) 
 (Hale & Twomey) 
 (Hale & Twomey) 

Materials Provided 

Publicly available resources 

The Contractor will conduct their own research for publicly available information, including 
those provided by the Commonwealth such as the Australian Petroleum Statistics.  

Commonwealth (Department of the Environment and Energy) 

The Commonwealth will provide the successful Contractor with a number of publications and 
datasets to assist in the development of the model including confidential publications and 
publicly available commissioned studies which have been published 
at https://www.energy.gov.au/government-priorities/energy-security/energy-security-
assessments. 

s47F
s47F
s47F
s47F
s47F
s47F
s47F
s47F
s47F
s47F
s47F
s47F
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Other government Departments/agencies 

The Contractor will engage with other government departments and agencies to gather 
information about the supply chain and leverage existing material to support the development 
of the supply chain model. The Commonwealth will facilitate engagement with other 
departments and agencies by providing introductions and contact information as required. 
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Diagram A: Conceptual diagram of the complexities of the physical flow of liquid fuel to Australia 
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Figure 2: Liquid Fuel Supply Planning Cycle 

Source: Hale and Twomey, Review of Market Resilience to Oil Supply Disruptions, Prepared for the 

Department of Industry, Canberra, 27 June 2014. 

3.2.1 Australian Context 

The four major suppliers in Australia (i.e. BP, Caltex, ExxonMobil and Viva Energy) all use a mix of 
domestic refineries and imports to meet their market demand.  With continued growth in petroleum 
demand and refinery shutdowns, the proportion met by direct imports is increasing.  This situation may 
change if electric vehicle penetration increases rapidly over the next 15 years, and renewable 
generation in combination with energy storage replaces diesel generators in remote areas of Australia 
(e.g. mining activities, remote communities).  However, it is likely that growing petroleum demand will 
continue to occur for at least the next 5 to 10 years. 

The domestic refineries currently meet demand requirements within their local regions. Petroleum 
products can be shipped from the refineries to other locations, although this will typically only be to 
adjacent regions. As refineries close, distribution from the remaining refineries will tend to become 
more localised.  Local refineries try to operate at near full capacity (i.e. achieve operational 
efficiencies) 

A feature of the Australian market is that oil companies and independents often buy and sell products 
to each other.  This can occur because a company does not own a refinery or directly import and is 
reliant on those companies who undertake those activities.  As a result, a single refinery is likely to 
provide petroleum products to several petroleum retailers in a region. 

Hale and Twomey (2014) highlighted many of the strategies that can be deployed by liquid fuel 
participants to meet unexpected demand increases or supply interruptions in Australia: 

� Ability to vary refinery production slate (to a limited extent once crude supply is committed);  

� Increasing refinery throughput (where not planned at capacity); 

� Ensuring a secure and committed offtake for refineries (so production is not impacted by changes in 

offtake)  

� Using operational inventory (intermediates and blending components) to manage production variation;  

� Using a diverse range of product supply options (location, refineries and counterparties);  

� Ability to adjust product split on mixed cargo imports; 

� Ability to purchase cargoes relatively quickly if necessary through the trading system; 

� Ability to purchase product from competitors (locally) to cover temporary shortages; 
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� Shifting cargo destinations (prior to loading) within system by using the company’s total network to 

assist the location which is short of product; 

� Ability to purchase cargoes from traders or blenders on shorter notice if the price paid is sufficient. 

3.3 Framework for developing a Liquid Fuel Supply Chain Model 

The proposed supply chain model is intended to provide a framework for understanding the liquid fuel 

supply chain, identifying potential vulnerabilities and providing a basis for scenario testing.  The modelled 

supply chain will include each major stage of the value chain from crude oil production, to refining and 

storage at ports/terminals in Australia, to storage at retail outlets and by major customers, and final 

customer demand.  This also includes shipping and transport from one step in the value chain to another.  

The separate value chains must be shown for the various major products used by both wholesale and retail 

customers (e.g. petrol, diesel and jet fuel). 

Figure 3: Simplified Liquid Fuel Supply Chain for Australia 

For each stage of the supply chain the model will capture: 

� Physical location (local and overseas) 

� Production volume or transport capacity 
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� Stocks (local and overseas) 

� Timeframes for delivery from one stage to the next 

� Ownership 

� Spare capacity and response timeframes 

� Price responsiveness of different stages of the value chain. 

Wholesale oil prices are typically determined by global demand and supply factors.  Final prices to domestic 

users in Australia are influenced by pricing behaviour of retail majors in Australia. 

A linear programming approach will be used to determine supply and demand of petroleum products on a 

weekly basis for 7 regions in Australia.  We have chosen a weekly optimisation model because oil 

disruption events in Australia have typically been short lived and resolved within one month.  This is due the 

fact that cargoes from one destination can be diverted rapidly to meet a shortfall in regional demand.  

Average sailing time for oil cargoes to Australia is typically between 14 to 28 days and Australia can source 

crude oil or petroleum products from a variety of sources (e.g. SE Asia, West Africa, Middle East, NZ and 

Russia). 

The linear programming model will assume world oil prices will be given (i.e. crude oil), and that various 

costs incurred in the supply chain will be added to world oil prices to form wholesale and retail prices in 

Australia. 

The linear program will minimise the weekly cost of supplying petroleum products to final consumers in 

Australia subject to physical production, storage and transport capacity constraints.  Given that over a 

week, capital costs are fixed and do not vary with changes in production, the model will only minimise 

variable operating costs.   

However, capital costs and fixed O&M costs incurred in the value chain are incorporated into both 

wholesale and retail prices.  To capture these costs in final prices to consumers (and to calculate wholesale 

and retail margins), a separate model will be used to capture fully distributed costs.  Variable operating 

costs and quantities produced and purchased will be incorporated into the fully distributed cost model to 

calculate the total costs of meeting Australia’s liquid fuel requirements.  This also enables us to compare 

the total costs of meeting Australia’s liquid fuel requirements with a different capital structure (e.g. less local 

refineries and more storage facilities to manage imported petroleum products). 

The proposed linear program, including the objective function and constraints are discussed in more detail 

below. 

3.4 Australian Liquid Fuel Market Model (ALFM2) 

The purpose of ALFM2 is to project weekly liquid fuel prices in Australia, production activities, and 

movements of petroleum products into Australia and among various regions within Australia.  ALFM2 is 

primarily used to understand how the industry would respond to unexpected supply shortfalls that may 

result from a variety of infrastructure failures that could result from both internal (e.g. unexpected facility 

outages) and external factors (e.g. weather, terrorism). 

The ALFM2 simulates the operation of petroleum refineries in Australia, with a simple representation of the 

international refinery market used to provide competing and complimentary crude oil and product import 

prices and quantities. The Australian component includes the supply and transportation of crude oil to 

refineries, regional processing of these crude oil into petroleum products, and the distribution of petroleum 

products to meet regional demands. The essential outputs of this model are domestic liquid fuels product 

prices, a petroleum product supply/demand balance, and demands for refinery fuel use in Australia. 

Because of the short-term focus of the model, capital expansion decisions are not solved within the model.  

That is, the model will not solve to minimise both capacity and operating costs.  The model takes capacity 

as fixed and then optimises to minimise variable operating costs only.  However, by varying the capacity 

mix, the model can calculate the impact on both variable operating costs and reliability of changes in the 
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capacity mix.  By running multiple simulations, we can compare the overall costs of different capital 

decisions. 

The variable operating costs that will be minimised in the optimisation include the following: 

� Crude oil purchase cost; 

� Costs to export or import crude oil; 

� Costs to export or import petroleum products; 

� Refinery processing costs (local versus overseas); 

� Variable storage costs (local); 

� Cost of transporting fuel from refineries to regional hubs in Australia (7 regions); 

� Costs of transporting fuel to retailers and major customers from refineries/import terminals. 

Inputs to the ALFM2: 

� domestic petroleum product demands; 

� international petroleum product import/export curves;  

� domestic crude oil production levels – which takes into account domestic process facilities, resources 

and reserves; 

� international crude oil supply curves (what types) and import/export links; 

� costs of energy inputs such as natural gas and electricity; 

� costs and available quantities of feedstocks used to produce blending components such as ethanol and 

biodiesel (E10 fuel); 

� yield coefficients for crude oil distillation and other processing units; 

� existing processing unit capacities; 

� investment costs for capacity expansion; 

� transportation modes; 

� product specifications;  

� policy requirements (e.g. strategic reserve requirements). 

By changing supply slide parameters, or reducing the capacity of existing facilities, we can look at the 

impact of supply disturbances on the liquid fuel supply chain and work out whether alternative supply 

strategies are effective at maintaining supply at a reasonable cost.  We can also calculate fuel stockpile 

levels after a supply disturbance and determine if future supply reliability is impacted (i.e. ability to handle 

back to back supply disturbances or unanticipated increases in petroleum demand). 

From these inputs, the ALFM2 produces: 

� domestic prices for petroleum products (by region); 

� the quantity of crude oil processed at domestic refineries; 

� imports and exports of crude oil and petroleum products; 

� estimates of other refinery inputs and processing; 

� refinery fuel consumption; 

� production and use of oil, condensate, LPG, natural gas liquids and biofuels. 

While the model will determine the weekly supply of petroleum products in Australia, the model can be run 

for multiple weeks to determine annual supply and demand in Australia.  Furthermore, by including annual 
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cost and price escalators, we can determine long term annual price and quantity projections (i.e. projections 

through to 2035). 

ALFM2 can forecast the impact on refinery operations and on the marginal costs of refined products 

associated with changes in demands for various kinds of petroleum products; crude oil prices; refinery 

processing unit capacities; changes in certain petroleum product specifications; energy policies and 

regulations; and taxes, tariffs, and subsidies. 

Within the ALFM2, a linear program (LP) is used to represent domestic liquid fuels production, distribution, 

and marketing operations. The model includes 7 Australian regions based on the location of refineries and 

major import terminals.  A transportation network model represents the transport of domestic crude oils to 

the refining regions and products from the refining / import terminals to regional demand. Changes in one 

refining region can affect operations in other refining regions because each demand region can be supplied 

by more than one refining region (if the transportation connections exist). Similarly, a transportation 

structure is defined for international crude supply and product supply/demand, with additional links between 

Australia and a representative international market to allow modelling of crude and product imports and 

exports.  

An optimal solution is found by minimizing net operating cost of supplying petroleum products while 

simultaneously meeting regional demands and various constraints. The liquid fuels production activities are 

constrained by material balance requirements on feedstocks and intermediate streams, product 

specifications, processing and transportation capacities, demand, and policy requirements. Economic 

forces also govern the decision to import (export) crude oil or refined products into (out of) the Australian 

regions. 

ALFM2 assumes that the liquid fuels production and marketing industry is competitive. The market will 

move toward lower-cost refiners (producers) who have access to crude oil and markets. The selection of 

feedstocks, process utilization and logistics will adjust to minimise the overall cost of supplying the market 

with petroleum products. If petroleum product demand is unusually high in one region, the price will 

increase, driving down demand and providing economic incentives for bringing supplies in from other 

regions, thus restoring the supply/demand balance.  

3.5 Forecasting Petroleum Product Demand in Australia 

The petroleum product supply chain is an integral part of the broader Australian and world economy, with 

demand, supply and prices the result of a range interactions between various economic actors. Assessing 

the impacts of (for example) movements in global supply, economic growth and technological change 

demands an integrated assessment modelling framework that leverages the best features of global 

economic modelling frameworks with detailed supply chain modelling. 

Computable General Equilibrium (CGE) models are a genre of economic models that are used extensively 

by the Australian Government to assess the economy-wide impacts of major policy changes and economic 

developments. CGE models provide a whole-of-economy assessment framework, with explicit 

representation of all economic actors including government, industry and private consumers. Cadence 

Economics is one of the few Australian providers of CGE modelling services who provide the complete suite 

of CGE modelling services in-house, including software development, model development, model handover 

and model training.  

The CEGEM model is Cadence Economics’ in house CGE model, and is a multi-commodity, multi-region, 

dynamic model of the world economy. Like all economic models, CEGEM is a based on a range of 

assumptions, parameters and data that constitute an approximation to the working structure of an economy. 

Its construction has drawn on the key features of other economic models such as the global economic 

framework underpinning models such as GTAP and GTEM, with state and regional modelling frameworks 

such as Monash-MMRF and TERM. A more detailed description of the model is provided in Appendix 3. 

The CEGEM model is ideally suited to complement the detailed supply chain modelling provided by the 

ALFM2 model. In this integrated assessment framework, the CEGEM model provides the ALFM2 model 

future projections of demand for liquid fuels under user specified scenario specifications. In return, the 
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ALFM2 model provides price projections to the CEGEM model driven by a detailed, data driven 

understanding of the specifics of the supply chain.  

Shown below is the proposed model structure for forecasting the demand and supply of liquid fuels in 

Australia by week and across multiple years.  In effect, ALFM2 takes the annual petroleum product demand 

by region and develops seasonal/weekly demand profiles.  ALFM2 then minimises the total weekly cost 

(variable only) of supplying petroleum products by each region and calculates equilibrium quantities of 

petroleum products.  The linear program can be run across 52 weeks to calculate annual quantities and/or 

run for multiple years.  Weekly cost variables can be varied based on cost and price inflators calculated by 

the CEGEM model. 

Figure 4: Proposed Model Structure 

 

 

This framework provides a powerful toolset both to address both the immediate requirements of Task 2 of 

the RFQ, and to develop capability for future work as part of Task 3. For example: 

� The CEGEM model can consider competing fuels and technologies to liquid fuel.  For example, use of 

gas or renewables to produce electricity instead of distillate (especially in remote regions), or vehicles 

being increasingly run on hydrogen, compressed natural gas or electricity (i.e.  EVs). 

� Various scenarios can be run in the CEGEM model to determine mid, high or low demand cases.  In 

addition, the CEGEM model can consider detailed assumptions in terms of policy settings, macro and 

micro economic drivers of demand by sector (e.g. road transport, passenger and freight; air transport; 

mining; manufacturing; agriculture; rail transport). 

� The direct impact of events such as an international supply disruption or interruptions to domestic 

infrastructure can be measured through the ALFM2 model, with resulting economy wide impacts 

measured through the CEGEM model. This analysis can help to, for example, inform cost benefit 

analysis of policy to strengthen local supply infrastructure. 
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3.6 Addressing Data Requirements for this Study 

Extensive information on the physical capabilities and capacities of liquid fuel facilities will need to be 

required for this assignment.  This includes: 

� Crude oil processing rates (ML per day) by facility – average and maximum (or a production curve). 

� Refinery processing rates (ML per day) by facility - average and maximum (or a production curve). 

� Ship loading/unloading rates (ML per hour) by port – average and maximum. 

� Storage capacity at ports and terminals (ML) – average and maximum. 

� Train/truck loading and unloading rates (ML per hour) – average and maximum. 

� Train/truck delivery rates to retail outlets and major customers – (ML per hour) 

� Ship travel times by port (days) – average and maximum 

� Train/truck travel times by port (days) – average and maximum. 

Our consulting team will consolidate material from existing sources wherever possible to populate the 

model. This includes undertaking desktop research. We will use the following data sources to help obtain 

some of the relevant information: 

� Department of Environment and Energy, Australian Petroleum Statistics – petroleum production, 

refinery input and production, imports of petroleum, exports of petroleum, end of month stocks, retail 

prices and taxes. 

� Australian Bureau of Statistics, Petroleum exploration expenditure. 

� International Energy Agency, Various publications - Energy Balance, Oil Statistics, Oil Market 

Report, World Energy Statistics, Oil Information. 

� BP Statistical Review of World Energy, Various publications – oil refinery capacities and production. 

� Statistica, Global Refining Capacity 

� Australian Institute of Petroleum, Australian and International petroleum prices. 

� OPEC, Monthly Oil Report 

� US Energy Information Administration, Various reports 

The Department has identified data information gaps relating to: 

� Transport of liquid fuels from storage terminals to wholesale/retail sites and some major consumers 

(e.g. trucking capacity, driver availability, diversity of ownership of trucking fleets). 

� Liquid fuel port infrastructure (e.g. berths including potential congestion, discharge rates, storage 

capacity). 

� Domestic jet fuel infrastructure assets (updating existing information on domestic fuel infrastructure). 

In previous assignments, both Hale & Twomey and Marsden Jacob staff have conducted surveys and 

interviews with oil majors in Australia to understand refining capacity, storage capability, ship 

loading/unloading rates, truck loading and unloading rates.  This has included BP (owners of the Kwinana 

refinery), ExxonMobil, Caltex and Viva Energy.  Marsden Jacob and Hale & Twomey are well known in the 

liquid fuels sector and can leverage existing contacts to help gather information. 

Engaging with key stakeholders and other government departments directly (interviews, surveys and 

questionnaires) will be a valuable source of information on the liquid fuel supply chain. 

Both Marsden Jacob and Hale & Twomey already have extensive information on the liquid fuel supply chain 

because of undertaking assignments outlined in Chapter 2. 
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We acknowledge that the Department will be a valuable source of information and that introductions to 

other government agencies will be important to help parameterise the model, as well as providing valuable 

input data for the model. 
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4.2 Project Processes 

The various components of the project are summarised below.  This is not necessarily in sequential order 

as data collection and analysis will be an ongoing project task throughout the model development (refer to 

project plan in Figure 5) 

Inception Meeting 

� Put in place project management processes – roles, regular weekly meetings, traffic light reports, risk 

registers, key milestone meetings. 

� Finalise scope of work. 

� Department to provide relevant data to build liquid fuel supply chain model and forecast liquid fuel 

demand in Australia (by region). 

� Identify data limitations that need to be overcome. 

� Agree on likely uses and scenarios that the model will have to handle. 

Development of the Alpha Model (Tasks 1A, part i) 

� Initial high-level design of the models (ALFM2 – interface- CGE). 

� Review of high-level design by the Department. 

� Detailed design document for the models (ALFM2 – interface – CGE). This includes the IT platforms 

(e.g. Microsoft Access or Excel as interfaces) and the linear programming solver (e.g. OpenSolver for 

Excel, Python, Mathematica). 

� Review of the detailed design document by the Department. 

� Development of a prototype model (alpha model). 

� Testing and validation of the prototype model. 

� Demonstration of the model to the Department. 

Data Collection and Analysis (Tasks 1B) 

� Identify input data requirements 

� Identify data requirements to parameterise ALFM2 (based on Alpha requirement). 

� Review of existing data sources (e.g. public, Department and consultant sources) 

� Prepare summary of existing data sources (e.g. literature review) for the Department. 

� Identify data gaps and develop strategy to address the gaps.  This could include interviews, surveys 

and questionnaires. 

� Survey design 

� Implementation of the survey of key stakeholders 

� Collation and analysis of data 

� Formatting of data inputs for ALFM2. 

Development of the ‘beta’ model (Tasks 1A, part ii) 

� Further development of the model reflecting feedback from the Department on the draft ‘alpha’ model 

produced. 

� Incorporate updated input information and parameterisation of the model. 

� Further testing and validation. 

� Presentation of the model to the Department for Review 
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Development of the ‘theta’ model (Tasks 1A, part iii) 

� Further development of the model reflecting feedback from the Department on the draft ‘beta’ model 

produced. 

� Incorporate updated input information and parameterisation of the model. 

� Further testing and validation. 

� Presentation of the model to the Department for Review 

Development of the ‘final’ model (Tasks 1A, part iv) 

� Further development of the model reflecting feedback from the Department on the draft ‘theta’ model 

produced. 

� Incorporate updated input information and parameterisation of the model. 

� Further testing and validation. 

� Presentation of the model to the Department for Review 

Mapping and projections modelling of the Australian production and demand for liquid fuels 

(Task 2) 

� Mapping of current Australian demand for liquid fuel by fuel type. 

� Modelling of Australian demand for liquid fuel (by fuel type) and associated transport fuels and 

technologies (e.g. electric vehicles, hydrogen). Projections modelling of future (to 2035) for the same 

using the CGE model.  

- This includes mid, high and low demand scenarios.  

- Detailed assumptions in terms of policy settings, macro and micro economic drivers of demand by 

sector (e.g. road transport, passenger and freight; air transport; mining; manufacturing; agriculture; 

rail transport) to be clearly explained for the three scenarios including explanations of any 

limitations of the modelling. 

� Projections modelling of oil, condensate, LPG, natural gas liquids and biofuel production in Australia 

through to 2035 by type and in aggregate having regard to available reserves and resources. 

- This includes sensitivity analysis for oil price variation impacts and other macro and micro 

economic drivers influencing indigenous production. 

- This should also include detailed discussion of modelling assumptions as well as explanations of 

any limitations of the modelling. 

Model handover to the Department 

� Model specifications document – model framework, interfaces, input/output data definitions, solver, 

model input and output structures. 

� Preparation of training manuals. 

� Installation of the model(s) at the Department. 

� In person training of Department staff to use the model 

� Formalise model assistance framework (e.g. help desk support) 
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The estimated duration of key project stages is summarised below. 

Table 6: Project Stages, Tasks and Duration 

Project Stages Tasks Duration  

(total consultant 

days) 

Inception Meeting · Project management processes

· Finalise scope of work

· Agree model uses and supply disruption scenarios

· Data availability and limitations

4 days 

Development of the 

Alpha Model (Tasks 

1A, part i) 

· High level design

· Detailed design

· Development of ‘alpha’ model

· Testing and validation

· Demonstration of the model to the Department

18 days 

Data Collection and 

Analysis (Tasks 1B) 

· Identify input data requirements

· Identify data requirements to parameterise ALFM2

(based on Alpha requirement).

· Review of existing data sources (e.g. public,

Department and consultant sources).

· Prepare summary document (referred to as the

literature review) on available data for the

Department to review.

· Identify data gaps and develop strategy to

address the gaps.  This could include interviews,

surveys and questionnaires.

· Survey design

· Implementation of the survey of key stakeholders

· Collation and analysis of data

· Formatting of data inputs for ALFM2.

22 days 

Development of the 

‘beta’ model (Tasks 

1A, part ii) 

· Further development of the model reflecting

feedback from the Department on the draft ‘alpha’

model produced.

19 days 
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· Incorporate updated input information and

parameterisation of the model.

· Further testing and validation.

· Presentation of the model to the Department for

Review

Development of the 

‘theta’ model (Tasks 

1A, part iii) 

· Further development of the model reflecting

feedback from the Department on the draft ‘alpha’

model produced.

· Incorporate updated input information and

parameterisation of the model.

· Further testing and validation.

· Presentation of the model to the Department for

Review

21 days 

Development of the 

‘final’ model (Tasks 

1A, part iv) 

· Further development of the model reflecting

feedback from the Department on the draft ‘theta’

model produced.

· Incorporate updated input information and

parameterisation of the model.

· Further testing and validation.

· Presentation of the model to the Department for

Review

22 days 

Mapping and liquid 

fuel supply and 

demand projections 

(Task 2) 

· Mapping of current Australian demand for liquid

fuel by fuel type.

· Modelling of liquid fuel (by fuel type) and

associated transport fuels and technologies (using

CGE model)

· Projections of oil, condensate, LPG, natural gas

liquids and biofuel production in Australia.

13 days 

Model handover to the 

Department

· Model specifications document – model

framework, interfaces, input/output data

definitions, solver, model input and output

structures.

· Preparation of training manuals.

· Installation of the model(s) at the Department.

5 days 



Liquid Fuel Supply Chain 41 

The project plan to compete the above project stages, tasks and deliver on the milestones (listed in Table 1) 

is provided below.  Given the size and duration of the project, some flexibility in the timeline needs to be 

incorporated into the final project timeline (e.g. allowing for project extensions if required). 

Figure 5: Project Plan 

4.3 Project Management 

Marsden Jacob will be the lead consulting firm for this assignment and will ensure that good project 

management processes are adhered to.  Our general approach to project management and our 

accreditation of Quality Management System (QMS) are outlined in Chapter 6 (see Sections 6.1.1 and 

6.1.2). 

As project leaders, Marsden Jacob will undertake the following project management tasks (outlined in Item 

12 of the RFQ): 

· Attend (in person or via video-conference) an inception meeting with the Department;

· Attend progress meetings (in person or via telephone) with the Department as required;

· Provide a written project scope to the Department for approval;

· In person training of Department staff to use the

model

· Formalise model assistance framework (e.g. help

desk support)

Total 124 days 
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- Process for data transformation and how 
this will be documented 

data sources used to construct the ALFM2 
model. 

- This is a standard process for Cadence 
Economics, with some level of regional and/or 
sectoral decomposition undertaken for the vast 
majority of our projects. Owing to the nature of 
the data sources little data cleansing and 
transformation is required, and maintenance 
requirements are low. Our sources and 
calibration processes are frequently documented 
in our analysis, and we will document 
appropriately as part of the model handover. 

ALFM2: 

- Projected size of data/model and projected 
growth 

The network model of the liquid fuel supply 
chain is represented by a series of mathematical 
equations. Each equation is represented in a 
structural form and includes a set of coefficient 
values. The equations and their coefficients can 
be readily stored within a single spreadsheet.  

Even when expanding the model to allow for the 
evaluation of multiple alternative system 
configurations, we do not envisage a problem 
will arise in relation to model size. 

Unlike other modelling techniques, the 
methodology proposed does not require the 
creation and storage of large, memory intensive 
sets of coefficients. Because of this analytical 
methodology, we do not believe that the size of 
the model will present a risk to development, 
ongoing support, and use by the client. 

Processes for data capture and metadata 
capture and how this will be documented 

Effective data capture and management 
processes will be put in place to ensure data 
validity is maintained throughout the lifecycle of 
the model. We will make use of industry 
standard approaches for the maintenance of 
modelling data repositories, including the 
standardisation on a single point of entry for 
modelling data, and the automated validation of 
inputs to ensure each is within an appropriate 
scale and range. Our consultants have 
experience developing data management 
systems for significantly larger models, and do 
not believe that data management complexity 
will be a significant risk for this project. 

All input information will be stored within the 
clearly marked “input/assumptions” section of 
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the model that form the “front end” of the data 
repository. From there the data flows through a 
series of transformations before being used in 
the model. 

Our approach enables the storage of metadata 
alongside input data and assumptions. Metadata 
may be defined manually by the user or exist as 
a formal attribute of the data. An example of a 
formal attribute would be a date range for which 
an input assumption can be considered valid. In 
this way the metadata can be used as an 
additional source of information for validating 
input assumptions. 

Documentation will be included in-the model to 
assist the user in identifying essential and non-
essential inputs for each scenario. 

- Processes for data cleansing and how this will 
be documented 

Manual and automated data cleaning steps will 
be used to ensure data validity. These checks will 
take place within the data repository. An initial 
manual process will take place requiring the user 
to confirm that the inputs are conceptually 
consistent with the scenario they are wishing to 
analyse. For example, that a “high growth” 
scenario is not paired with input assumptions 
that would only be applicable during a “low-
growth” scenario. We do not believe that this 
step can be effectively automated. It will, 
however, be clearly documented so that every 
user will be guided in how they evaluate the 
conceptual consistency of the inputs.  

A second phase of data cleaning will ensure that, 
prior to a model run, there are no missing inputs, 
duplicates, and that inputs exist within a 
predefined range. This will ensure, for example, 
that volumetric unit ranges (for example, giga- 
versus megalitres) are not confused by the user 
leading to an input that is an order of magnitude 
higher or lower than the expected value. This 
process will be automated. 

- Process for data transformation and how this 
will be documented 

Only minimal data transformations will be 
required in the model. Most inputs will flow 
directly from the “input/assumptions” sheet into 
the model. 

As mentioned in our previous response 
regarding data capture, a transformation process 
may be required to transform some inputs. Such 
transformations will take place on a separate 
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