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Important notice 
If you are a party other than WDA, KPMG:  

• owes you no duty (whether in contract or in tort or under statute or otherwise) with respect to or in 
connection with the attached report or any part thereof; and 

• will have no liability to you for any loss or damage suffered or costs incurred by you or any other person 
arising out of or in connection with the provision to you of the attached report or any part thereof, however 
the loss or damage is caused, including, but not limited to, as a result of negligence. 

If you are a party other than WDA and you choose to rely upon the attached report or any part thereof, you do 
so entirely at your own risk. 

Limitations 
The responsibility for determining the adequacy or otherwise of our terms of reference is that of WDA. 

The services provided under our engagement letter (‘Services’) have not been undertaken in accordance with 
any auditing, review or assurance standards.  Any reference to ‘audit’ and ‘review’, throughout this report, is not 
intended to convey that the Services have been conducted in accordance with any auditing, review or assurance 
standards.  Further, as our scope of work does not constitute an audit or review in accordance with any 
auditing, review or assurance standards, our work will not necessarily disclose all matters that may be of 
interest to WDA or reveal errors and irregularities, if any, in the underlying information. 

In preparing this report, we have had access to information provided by WDA and the specialist advisors to 
these agencies and publicly available information.  We have relied upon the truth, accuracy and completeness of 
any information provided or made available to us in connection with the Services without independently 
verifying it. 

Any findings or recommendations contained within this report are based upon our reasonable professional 
judgement based on the information that is available from the sources indicated.  Should the project elements, 
external factors and assumptions change then the findings and recommendations contained in this report may 
no longer be appropriate.  Accordingly, we do not confirm, underwrite or guarantee that the outcomes referred 
to in this report will be achieved. 

We do not make any statement as to whether any forecasts or projections will be achieved, or whether the 
assumptions and data underlying any such prospective financial information are accurate, complete or 
reasonable.  We will not warrant or guarantee the achievement of any such forecasts or projections. There will 
usually be differences between forecast or projected and actual results, because events and circumstances 
frequently do not occur as expected or predicted, and those differences may be material.  

Version control 
This report version supersedes the previous report issued 10 September 2015. 
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Glossary of key terms  
Term Description 

Agglomeration economies Positive externalities derived from the spatial concentration of economic activity 
Annual average daily traffic 
(AADT) 

The total volume of vehicle traffic for a year, divided by 365 days 

Average weekday traffic (AWT) The total volume of weekday vehicle traffic for a year, divided by 261 days 

Benefit Cost Ratio (BCR)1 

A measure of the magnitude of net benefit to society derived from the capital 
investment in the project. We have adopted the NSW Treasury definition for the 
BCR metric, equal to the present value of benefits less the present value of 
operating costs, divided by the present value of capital expenditure.  

Increased labour supply  The impacts generated from more people choosing to work due to changes in 
effective wage rates, i.e. after commuting cost wage.  

Consumer Price Index (CPI) 
Measures quarterly changes in the price of goods and services.  An estimate of 
CPI (2.5%) is applied to some of the cash flows in this analysis 

Cost Benefit Analysis (CBA) 
An economic appraisal tool used to compare the monetised benefits and costs of 
the WestConnex scheme, over the appraisal period 

EMME 
Multimodal transport modelling software package used to host WestConnex traffic 
model (WRTM) 

Environmental Impact Statement 
(EIS) 

A detailed analysis of all potential areas of concern in relation to the development 
that must be prepared for State significant infrastructure developments  

Escalation rate Annual percentage increase in either an operating cost or revenue 

Global Economic Corridor 

A corridor of concentrated jobs and activities in centres, specialised precincts and 
industrial lands extending from Sydney Airport and Port Botany, north through 
Green Square, Sydney CBD, North Sydney, St Leonards and Chatswood, to 
Macquarie Park  

Internal Rate of Return (IRR) 
An indicator of the efficiency, quality, or yield of an investment. In theory, projects 
with IRRs that exceed the cost of capital are considered to be economically viable. 

Net Present Value (NPV) 
A measure of the magnitude of net benefit to society from the project, equal to the 
present value of benefits less the present value of costs of the project. 

Public Private Partnership (PPP) 
A long-term contract between the public and private sectors where Government 
pays the private sector to deliver the infrastructure and related services on behalf, 
or in support, of Governments broader service responsibilities 

South Sydney 
The metropolitan area directly to the south of the Sydney CBD, including the 
suburbs of Alexandria, Botany, Beaconsfield, Green Square, Mascot, St Peters and 
Sydenham 

Southern / bayside suburbs 

The metropolitan area directly to the south of the existing M5 corridor and west of 
Beverley Hills.  These including the suburbs of Arncliffe, Bexley, Brighton Le 
Sands, Hurstville, Kogarah, Kyeemagh, Monterey, Rockdale, Sans Souci and 
Tempe 

Sydney CBD 
Central Business District of Sydney. A key destination for users of this transport 
corridor 

Vehicle operating cost (VOC) 
Vehicle operating cost represents the resource cost of vehicle use, including 
factors such as fuel, distance and speed travelled, depreciation of vehicle assets, 
etc. 

Value of travel time saving 
(VTTS) 

An economic parameter used in transport appraisal to monetise benefits of travel 
time savings, varied by trip purpose and vehicle class within the appraisal (i.e. 
Business, Commuter, LCV, etc.) 

WestConnex Road Traffic Model 
(WRTM) 

A strategic transport model which uses information from the Transport for New 
South Wales (TfNSW) multi-modal Strategic Travel Model (STM) to investigate 
network link performance. 

Wider Economic Impacts (WEIs) 
For the purposes of this analysis, the Wider economic impacts include the benefits 
and or costs associated with agglomeration economies (WB1) and increased 
labour supply (WB2). 

                                                      

1 NSW Treasury (2007) Guidelines for Economic Appraisal, Policy & Guidelines Paper (Section 11.2.2) July 
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Executive Summary 
WestConnex is program of approximately 33 kilometres of interconnected projects to enhance and link the M4 
and M5 Motorways and extend the Sydney motorway network towards the Central Business District (CBD) and 
major activity centres.   

Approach and scenarios for analysis 
The WestConnex Delivery Authority (WDA) has engaged KPMG to provide economic advisory services relating 
to the WestConnex project. Specifically, the scope of services involves preparation of an up-to-date economic 
cost-benefit analysis (CBA) for the core WestConnex scheme including evaluations of Stage 1, 2 and 3. The 
assessment of the economic viability of WestConnex was undertaken through use of CBA and Wider Economic 
Impacts (WEIs) analysis. 

CBA is a systematic approach to analysing the economic, social and environmental costs and benefits 
associated with a project. CBA uses a discounted cash flow analysis to compare the transport related marginal 
cost and benefits of project scenarios (i.e. a new road project) relative to a ‘do minimum’ base case scenario. 
The WestConnex business case update measures the economic costs and benefits of the WestConnex Stages 
1, 2 and 3 compared to a ‘do nothing’ Base Case where it was assumed that WestConnex does not proceed. 

The Project and Base Case scenario is summarised in Table 1. 

Table 1: Project Case and Base Case definitions for analysis  

Appraisal Scenario Project Case  Base Case (Do Minimum) 

Scenario 1  
WestConnex (Stages 1, 2 and 3) 

• M4 widening and M4 East 

• New M5 

• M4-M5 Link 

• Base network with no 
WestConnex  

Source:  WestConnex Delivery Authority 

The approach adopted for the analysis is consistent with relevant project evaluation guidelines, including: 

• Austroads (2014), National Guidelines for Transport System Management in Australia, December. 

• New South Wales Treasury (2007), NSW Government Guidelines for Economic Appraisal, July. 

• Transport for New South Wales (2015), Principles and Guidelines for Economic Appraisal of Transport 
Investment and Initiatives, March. 

• Department for Transport UK (2014), WebTag Unit A1.3 User and Provider Impacts, January. 

Key economic parameters 
The economic parameters and expansion factors adopted for the analysis are summarised in Table 2. 

Table 2: Economic appraisal parameters used for WestConnex appraisal 

Parameter  Value Description 

Discount rate 
(real) 

7 per cent Consistent with Infrastructure Australia and NSW Treasury 
recommended rate. Sensitivity tests undertaken at 4 per cent and 10 
per cent. 

Appraisal 
period 

34 years (2019 to 2052 
inclusive) 

Starting from the first year of operation of WestConnex Stage 1 in 
2019 and finishing 30 years after the opening of Stage 3 (2023) in 
2052 (Infrastructure Australia, 2013) 
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Parameter  Value Description 

Base year for 
discounting  

2015 Year in which construction starts (Australian Transport Council, 2006) 

Price base 2015 (Q1)  The price base is a reference point in time against which all monetised 
values (for both costs and benefits) are presented in the economic 
appraisal.   

The most recent index values for the Consumer Price Index (CPI), 
Average Weekly Earnings (AWE) and the Producer Price Index (PPI) as 
published by the Australian Bureau Statistic (ABS), have been used in 
this appraisal to convert all values to 2015 (Q1) prices. 

Construction 
period  

Stage 1: Mar 2015 - Jun 2019 
Stage 2: Jan 2015 - Jun 2019 
Stage 3: Jan 2019 - Jun 2023 

Incremental opening by stage as per WDA advice and specified in 
WestConnex O&M cost report.2 

First year of 
operation  

Stage 1: Late 2019 
Stage 2: Late 2019 
Stage 3: Late 2023  

Incremental opening by stage as per WDA advice and specified in 
WestConnex O&M cost report.2 

Expansion 
factors for 
WRTM 2.1 

AM Peak to daily – 2.0  
Inter-peak to daily – 6.0 
PM peak to daily – 3.0  
Evening to daily – 7.3  
Weekday to annual - 345 

Expansion factors are consistent with those applied in WRTM and 
specified in WDAs Traffic Patronage Report3. 

Modelled 
years 

2012, 2021 and 2031. Modelled years are as specified by the WRTM. Benefits were 
interpolated between WRTM model years 2012, 2021 and 2031 
(interpolation approach discussed below).  

Interpolation 
and 
extrapolation 

Linear interpolation  - 2019 to 
2021 

 

Linear interpolation - 2021 to 
2031 

 

Decayed extrapolation - 2031 
onwards 

Linear interpolation has been used to estimate benefits between 2012 
and 2021 modelled years, however the benefits have only been 
counted from 2019 onwards. Linear interpolation has been used to 
estimate benefits between 2021 and 2031 modelled years. 

For benefits beyond the 2031 and the last year of the appraisal period, 
a ‘decay’ function has been used which assumes that there is some 
growth in the benefit stream beyond the final model year, but this 
growth plateaus over time due to increased traffic resulting from 
economic growth over time in the Sydney region. This is a 
conservative approach. 

Source:  Infrastructure Australia (2013), Australian Transport Council (2006), Australian Bureau of Statistics (2015) and 
information and advice provided by WestConnex Delivery Authority. 

Consideration of induced demand 
The demand analysis undertaken by WDA considers induced demand on the Sydney road network, which is 
expected to result from the introduction of WestConnex.  Potential sources of induced demand include: 

• changes in mode of travel as improvements make road transport more attractive than bus or rail; 

• changes to final destinations as improved travel times allow access to more distant destinations; and 

• changes in time of travel as drivers choose to travel during peak times due to reductions in journey times.  

The economic analysis quantifies benefits associated with induced demand, by applying the ‘Rule of Half’4  
method, to approximate the change in consumer surplus generated by WestConnex.  This method applies to 
user benefits including travel time savings, vehicle operating cost savings and travel time reliability. The 
approach is consistent with Infrastructure Australia recommendations, discussed further in Appendix 1. 

                                                      
2 Rider Levett Bucknall (2015), Operations, Maintenance and Life Cycle Costing Report for Westconnex, August 
3 WDA (2015), WestConnex Traffic Analysis - Traffic Patronage Report, January. 
4 Consumer surplus benefit = 0.5 (T0 + T1) (C1 - C0), where T0 = Road trips in the Base case, T1 = Road trips in the Project case, C1= Road 

user costs in the Project case, and C0 = Road user costs in the Base case. 
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Key inputs 
Key inputs to the economic appraisal provided to KPMG by WDA and/or its advisors include: 

• Capital Costs – all non-recurrent capital costs that are expected to be incurred after the economic appraisal 
period commences. Capital cost estimates were developed by Rider Levett Bucknall Pty Ltd (RLB) and 
provided to KPMG by WDA for the purposes of this analysis in nominal (2015 dollar) terms.   

• Operating and Maintenance Costs – all necessary recurrent costs to operate and maintain the asset over 
the evaluation period. Operating and maintenance cost estimates were developed by Rider Levett Bucknall 
Pty Ltd (RLB) and provided to KPMG by WDA for the purposes of this analysis in real (2015 dollar) terms. 

• Demand Analysis - outputs from the WestConnex Road Traffic Model - Version 2.1 (WRTM) – a strategic 
transport model which uses information from the Transport for New South Wales (TfNSW) multi-modal 
Strategic Travel Model (STM) to investigate network link performance. Demand analysis was undertaken by 
the WestConex Delivery Authority and its advisors and was provided to KPMG for the purposes of the 
economic analysis.  

Capital costs 
The economic appraisal relies on estimates of the capital costs associated with the project scenario, as 
developed by Rider Levett Bucknall Pty Ltd (RLB) and supplied by WDA.  All nominal terms have been 
converted to real values based on the Reserve Bank of Australia’s target inflation rate of 2.5 per cent. 

Capital cost estimates are summarised in Table 3.  

Table 3: Capital costs cash flow (real dollars)  

Financial Year 
Stage 1A - 

M4 
Widening 

Stage 1B - 
M4 East 

Stage 2 - 
King 

Georges Rd 
Interchange 

Stage 2 - 
New M5 

Stage 2 - 
Sydney 

Gateway 

Stage 3 - 
M4 to M5 

Link 

Total 
WestConnex 
Core Scheme 

FY2014/15        
FY2015/16        
FY2016/17        
FY2017/18        
FY2018/19        
FY2019/20        
FY2020/21        
FY2021/22        
FY2022/23        
FY2023/24        
Total (real)       $15,083.1m 
Total (nominal)       $16,811.6m 

Source:  Rider Levett Bucknall Pty Ltd and WestConnex Delivery Authority August 2015  

The components of real capital cost for WestConnex are outlined in Chart 2. These include property, design and 
construction contracts, tolling equipment, retained works, contamination and remediation works, client costs 
and provision for urban renewal works. 

The economic analysis excludes the proposed Southern Extension and its associated costs. The economic 
analysis excludes the costs associated with developing linkages between WestConnex and the Western 
Harbour Tunnel. These costs should be considered in any future assessments of the Western Harbour Tunnel.  
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Chart 1: Capital costs breakdown  

 

Source:  KPMG analysis of RLB and WDA CAPEX data, 2015  

Operating and maintenance costs 
The economic appraisal relies on estimates of the operating and maintenance costs associated with the project 
scenario. Annual operating and maintenance (O&M) costs were developed by RLB based on a life cycle costing 
(LCC) estimation in accordance with International Standard 15686-5. The O&M costs included in the economic 
appraisal are illustrated in Chart 2. The average annual O&M costs (including risk contingency) for Stage 1, 2 and 
3, are --------------------------------- per annum, respectively. 

Chart 2: Operating and maintenance costs ($ real) – WestConnex Full Scheme  

 

Source:  KPMG analysis of RLB real O&M data, 2015  
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Demand analysis 
The economic appraisal is informed by (and is reliant upon) outputs from the WestConnex Road Traffic Model - 
Version 2.1 (WRTM) – a strategic transport model which uses information from the Transport for New South 
Wales (TfNSW) multi-modal Strategic Travel Model (STM) to investigate network link performance. 

WRTM outputs were provided by WDA advisors (Jacobs) for an average weekday for the years 2012, 2021 and 
2031. For each modelled year, outputs were provided for the following time periods: 

• AM peak – between 7am and 9am  

• Inter peak – between 9am and 3pm  

• PM peak - between 3pm and 6pm. 

• Evening (Off peak) – between 6pm and 7am. 

The models outputs were provided for five vehicle type definitions, namely: 

• privately registered car – business; 

• privately registered car – commuter; 

• privately registered car – other; 

• business registered light commercial vehicle (LCV); and 

• heavy commercial vehicles (HCV). 

Key traffic modelling outputs that informed the economic appraisal include: 

• the change in daily traffic volumes between the Base Case and Project Case; 

• the change in vehicle kilometres travelled between the Base Case and Project Case; 

• the change in vehicle travel times between the Base Case and Project Case; and 

• the impact of induced demand. 

It is important to note that the traffic modelling outputs and the economic appraisal exclude any effects 
associated with the operation of the Western Harbour Tunnel. The operation of the Western Harbour Tunnel is 
expected to increase the daily traffic volumes resulting from WestConnex. 

Change in traffic volumes 

The introduction of WestConnex is expected to result in: 

• relief of traffic and congestion on key east-west roads including M5 East, General Holmes Drive, M4 East, 
Parramatta Road east and City West Link; 

• lower traffic volumes and reduced peak congestion on north-south roads, including Eastern Distributor, 
Southern Cross Drive, Prince’s Highway and King Georges Road; and 

• provision of new free-flowing capacity between the M5 motorway to M4 motorway allowing a predicted 
90,000 vehicles travelling at the posted speed between the two motorways each weekday in 2031 (3,000 
per hour each way in the peak hour). 

The change in traffic volumes is a key input to the estimation of the travel time reliability benefits in the 
economic appraisal. 

Change in distance travelled 

The WRTM outputs highlight that the total vehicle kilometres travelled increase under the WestConnex Project 
case. The kilometres travelled by cars increase by 0.5 per cent and light commercial vehicle kilometres increase 
by 1.0 per cent. There is only a marginal increase in the number of truck kilometres travelled. 

The change in vehicle kilometres travelled under each scenario is a key input in the estimation of vehicle 
operating cost savings, crash cost savings and environment externalities. The change in vehicle kilometres 
travelled are summarised in Table 4. 
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Table 4: Change in vehicle kilometres travelled, 2031  

WRTM scenario Cars LCVs HCVs 

Daily VKT             
Base Case 82,035,160 36,408,320 10,136,040 
Scenario One 82,431,920 36,778,060 10,110,480 
Change 396,760 (0.48%) 369,740 (1.02%) -25,560 -(0.25%) 

Source:  KPMG analysis of WRTM Traffic Statistics (information supplied 24 June 2015). 
Note:        Table 4 includes links that allow connectivity to the network. These links comprise 0.1% of VKT. 

Change in travel times 

The change in travel times in key road corridors resulting from WestConnex is illustrated in Chart 3. The WRTM 
outputs indicate that WestConnex results in a reduction in modelled travel times for key corridors to and from 
the west and south west Sydney road network. 

Chart 3: Change in modelled travel times in selected vehicle corridors (AM Peak 2031), WestConnex  

 

Source:  WestConnex Delivery Authority (2015), WestConnex Traffic Analysis - Traffic Patronage Report, January. 

Induced demand 

The average weekday travel demand across the network for each scenario and the estimated change are 
outlined in Table 5. 

Table 5: Change in number of daily vehicle trips, average weekday – 2031  

WRTM scenario Cars LCVs HCVs 
Daily trips             
Base Case 7,980,780 3,638,850 399,630 
Scenario One 8,011,750 3,653,150 399,630 
Change 30,970 (0.39%) 14,300 (0.39%) 0 (0.00%) 

Source: WRTM Traffic Statistics (information supplied 24 June 2015). 

The combined total number of new road trips and trips moved to road from public transport as a result of 
improved traffic conditions from the full WestConnex project (Stages 1, 2 and 3) is estimated to be around 
45,000 in an average weekday in 2031. This represents 0.4 per cent of the total number of daily car trips on the 
Sydney-wide network in 2031.  
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Tolling  

A tolling regime has been applied within WRTM by WDA traffic modellers to consider the impact of tolling on 
traffic demand forecasts, on both mode choice and route assignment.  Consequently, the traffic demand 
outputs provided to KPMG by WDA include these tolling impacts within the forecasts. For the purposes of the 
economic analysis, tolling of WestConnex is considered as a transfer payment from the user to operator, and as 
such, it is considered to have a neutral effect on overall benefits and costs of the scheme. 

Benefits 
The benefits associated with WestConnex principally comprise: 

• User benefits – benefits to private and public transport users as a result of the introduction of WestConnex. 
User benefits include the travel time savings, vehicle operating cost savings, and reliability benefits. 

• Other benefits – benefits accruing to society as a whole as a result of changes to travel behaviour following 
the introduction of WestConnex. This includes changes in road crash costs, environmental externalities and 
road maintenance savings.  

• Wider Economic Impacts – including agglomeration (WB1) and increased labour supply (WB2) benefits. 

Quantification of the economic benefits relied on the outputs of the WRTM strategic transport model (as 
described in Section 3). These model outputs were provided for an average weekday (divided into four time 
periods) for the years 2012, 2021, and 2031 for each component of the WestConnex project.  

The approach used to calculate the identified project benefits is summarised in Table 6. 

Table 6: Summary of approach to quantification of benefits  

Benefit Categories Broad Approach 

User benefits 

Travel time Quantified using WRTM V2.1 outputs (change in consumer surplus relating to travel time), 
calculated at O-D level, and applying values of time TfNSW (2015) guidelines. 

Vehicle operating costs Quantified using WRTM V2.1 outputs (change in consumer surplus relating to VOC), 
calculated at O-D level, and applying valuation parameters from Austroads (2014). 

Travel time reliability  Quantified using WRTM V2.1 outputs (change in volume/capacity ratio, speed and number 
of vehicles on each link in the network) and applying valuation parameters from the UK 
WebTAG guidance 2014. 

Other benefits 

Crash cost savings Quantified using WRTM V2.1 outputs (change in VKT on each link type e.g. freeway, 
arterial etc.)), applying crash rates derived from Austroads (2014) and applying ‘willingness 
to pay’ values for crashes avoided, from TfNSW (2015). 

Environmental 
externalities (including 
greenhouse gas savings) 

Quantified using WRTM V2.1 outputs (change in VKT throughout network) and applying 
applicable valuation parameters from Austroads (2014). 

Greenhouse gas emissions have been quantified using WRTM V2.1 outputs (change in 
vehicle-kilometres travelled (VKT) and average speed on each link in the network). Fuel 
consumption has been estimated using parameters from Austroads (2014) and converted 
to tonnes of CO2-e using emission factors provided by the Australian Department of 
Environment (Australian Government, 2014b). 

Residual value of asset Quantified using weighted average economic life less depreciation using the straight line 
method. The residual value is incorporated as a benefit in the last year of the appraisal 
period. 

Wider Economic Impacts 

Agglomeration 
economies (WB1) 

Agglomeration impacts were calculated as the incremental change in the effective density 
metric (i.e. the mass of economic activity) across the modelled area, resulting from 
changes in the respective accessibility of firms and workers to each other. 
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Benefit Categories Broad Approach 

Improved labour supply 
(WB2) 

Labour market deepening was estimated as the additional tax revenue resulting from 
more people choosing to work as a result of better accessibility to employment (lower 
after commuting cost wage), resulting from WestConnex. 

Source:  KPMG and WDA, 2015 

User benefits 
The user benefits of WestConnex are outlined in Table 7 in both discounted (present value) and undiscounted 
(total value) terms over the appraisal period. 

Table 7: User benefits for WestConnex – discounted and undiscounted 

Benefits by Vehicle Type Discounted  
(Present value) 

Undiscounted  
(Total value) 

Travel Time savings 

Cars – Privately registered, Business use5 $4,305.9m $18,303.4m 
Cars – Privately registered, Commuter $1,687.6m $7,290.7m 
Cars – Privately registered, Other $991.8m $4,541.3m 
Light Commercial Vehicles $3,389.3m $14,094.9m 
Heavy Commercial Vehicles $2,528.3m $10,895.1m 

Vehicle operating cost savings 

Cars – Privately registered, Business use $1,570.6m $6,639.7m 
Cars – Privately registered, Commuter $1,065.2m $4,581.8m 
Cars – Privately registered, Other $620.8m $2,835.1m 
Light Commercial Vehicles $1,163.6m $4,876.3m 
Heavy Commercial Vehicles $1,761.6m $7,522.5m 

Travel Time Reliability savings 

Cars – Privately registered, Business use $336.9m $1,463.0m 
Cars – Privately registered, Commuter $285.5m $1,242.7m 
Cars – Privately registered, Other $209.5m $939.2m 
Light Commercial Vehicles $438.7m $1,906.1m 
Heavy Commercial Vehicles $194.6m $832.5m 

Source:  KPMG analysis 

Non-user benefits 
The non-user benefits calculated for the appraisal are summarised in Table 8 in both discounted (present value) 
and undiscounted (total value) terms over the appraisal period. 

Table 8: Non-user benefits for WestConnex – discounted and undiscounted  

Non-User Benefits  Discounted  
(Present value) 

Undiscounted  
(Total value) 

Non-User benefits 

Crash cost savings $11.3m $300.6m 
Greenhouse gas emission saving $831.9m $3,580.1m 
Environmental externality savings $63.1m -$3.6m 
Residual value of assets $748.9m $9,171.1m 

Source:  KPMG analysis.  

                                                      
5 This result is reflective of WRTM outputs, including ‘special generator’ zones, and the classification of business trip purposes for privately registered cars 
within WRTM. 
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Wider economic impacts 
WEIs include agglomeration economies and labour market deepening. Agglomeration economies arise from 
positive externalities related to improving connectivity between areas with high employment densities. Labour 
market deepening benefits arise from reduction in the costs of commuting encouraging more people to take up 
employment. 

The Wider Economic impacts (benefits) calculated for the appraisal are summarised in Table 9 in both 
discounted (present value) and undiscounted (total value) terms over the appraisal period. 

Table 9: Wider Economic Impacts of WestConnex – discounted and undiscounted  

Benefit Type  Discounted  
(Present value) 

Undiscounted  
(Total value) 

Wider Economic Impacts  
Agglomeration economies (WB1) $1,681.5m $7,067.8m 
Labour market deepening (WB2) $452.7m $2,020.7m 

Source:  KPMG analysis 

Agglomeration economies are realised through increases in the effective density of employment. This occurs 
when improvements in transport network performance improve the ability of business to access other 
businesses. WestConnex improves the effective density of employment primarily in the areas around Balmain 
and Mascot (to the north of Sydney Airport), although marginal improvements in effective density are apparent 
in the surrounding area as well, including the CBD. 

Labour market deepening is realised through reductions in the generalised cost of commuting leading to more 
people electing to join the workforce. These benefits are largely due to the improved accessibility provided by 
WestConnex into Sydney CBD where the highest density of employment is located. 

Economic analysis results 
The following economic performance measures are calculated to estimate the economic viability of the 
WestConnex project: 

• Benefit Cost Ratio (BCR) - a measure of the magnitude of net benefit to society derived from the capital 
investment in the project. We have adopted the NSW Treasury definition for the BCR metric, defined as equal 
to the present value of benefits less the present value of operating costs, divided by the present value of capital 
expenditure on the project. This metric is also known as the Net Benefit Investment Return (NBIR). 

• Net Present Value (NPV) - a measure of the magnitude of net benefit to society from the project, equal 
to the present value of benefits less the present value of costs of the project. 

• Internal Rate of Return (IRR) - is the discount rate at which the present value of costs equals the 
present value of benefits (i.e., the breakeven point). 

Analysis of the results considers the BCR, NPV and IRR metrics using the conventional CBA method (without 
WEIs) as the primary measures of economic viability.  The same metrics calculated inclusive of both 
conventional CBA and WEIs analysis as a secondary measure of viability. 
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WestConnex scenario 
WestConnex scenario represents an economically viable project, as evidenced by a BCR of 1.71 (1.88 with 
WEIs), and a NPV of $8.7 billion ($10.8 billion with WEIs) in 2015 prices, discounted at 7 per cent. The 
cumulative benefits and costs of WestConnex are illustrated in Table 10 and Chart 4. 

Table 10: Monetised costs and benefits of WestConnex  

  Present value ($m) 

PROJECT COSTS   

1 Capital costs  
2 Operating costs  
3 TOTAL COSTS  

 PROJECT BENEFITS   

4 Reliability benefits 

Car Business $336.9m 
Car Commuter $285.5m 
Car Other $209.5m 
LCV $438.7m 
HCV $194.6m 

5 Vehicle operating cost benefits 

Car Business $1,570.6m 
Car Commuter $1,065.2m 
Car Other $620.8m 
LCV $1,163.6m 
HCV $1,761.6m 

6 Travel time savings 
Car Business6 $4,305.9m 
Car Commuter $1,687.6m 
Car Other $991.8m 
LCV $3,389.3m 
HCV $2,528.3m 

7 Other benefits 

Crash cost savings $11.3m 
Greenhouse gas emissions $831.9m 
Environmental externalities $63.1m 
Residual value of assets $748.9m 

8 TOTAL BENEFITS (WITHOUT WEIs) $22,204.9m 

9 WEIs 

WB1 $1,681.5m 
WB2 $452.7m 

10 TOTAL BENEFITS (WITH WEIs) $24,339.1m 

11 PROJECT KPIs (WITHOUT WEIs) 

NPV $8,657.9m 
BCR 1.71 
IRR 10.2% 

12 PROJECT KPIs (WITH WEIs) 

NPV $10,792.1m 
BCR 1.88 
IRR 11.4% 

Source:  KPMG analysis  

                                                      
6 This result is reflective of WRTM outputs, including ‘special generator’ zones, and the classification of business trip purposes for privately registered cars 
within WRTM. 
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Of the total $24.3 billion in benefits attributable to WestConnex, conventional benefits account for 91 per cent 
and WEIs account for the remaining 9 per cent. 

Of the conventional benefits ($22.2 billion), travel time savings and vehicle operating cost savings account for 86 
per cent (58 per cent and 28 per cent respectively). Travel time reliability benefits, environmental externalities, 
greenhouse gas savings, crash savings and residual value of assets account for the remaining 14 per cent of 
conventional benefits. 

Chart 4: Cumulative benefits and costs, WestConnex scenario 

 

Source:  KPMG analysis  

The capital expenditure estimates for WestConnex include costs associated with off-ramps to facilitate the 
operation of the Western Harbour Tunnel. This expenditure will enable additional user and non-user benefits 
associated with the Western Harbour Tunnel, but these benefits are excluded from the economic analysis for 
WestConnex.   

  

Redacted 
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Sensitivity analysis 
Sensitivity analysis was undertaken to assess the impact of changes in key assumptions on the conventional 
CBA findings (i.e. excluding WEIs). The analysis is based on four areas of uncertainty which could affect the 
economic viability of a project such as WestConnex, namely: 

• discount rates; 

• capital and operating expenditure; 

• extrapolation methods beyond the final modelled year; and 

• annualisation factor from daily to annual. 

The results of sensitivity analysis for WestConnex are outlined in Table 11. 

Table 11: Sensitivity analysis results, WestConnex  

Description PVC ($m) PVB ($m) NPV ($m) 
BCR BCR 

(without 
WEIs) (with WEIs) 

Central scenario $13,547.0m $22,204.9m $8,657.9m 1.7 1.9 

Discount rate 4 per cent $15,528.8m $40,197.3m $24,668.6m 2.9 3.1 

Discount rate 10 per cent $12,150.7m $13,187.8m $1,037.1m 1.1 1.2 

Costs (CAPEX & OPEX) increase by 30%    1.3 1.5 

Costs (CAPEX) increase by 10% $14,768.7m $22,279.7m $7,511.1m 1.6 1.7 

Benefits increase by 10% $13,547.0m $24,425.3m $10,878.3m 1.9 2.1 

Benefits decrease by 10% $13,547.0m $19,984.4m $6,437.4m 1.5 1.7 

Linear trend extrapolation of all benefits 
beyond 2031 using 2026 to 2031 trend $13,547.0m $25,965.9m $12,418.9m 2.0 2.2 

No growth in benefits beyond 2031 $13,547.0m $20,623.3m $7,076.3m 1.6 1.7 

Low annualisation factor (300) $13,547.0m $19,406.3m $5,859.3m 1.5 1.7 

High annualisation factor (365.25) $13,547.0m $23,464.2m $9,917.2m 1.8 2.0 

Source:  KPMG analysis 

Key findings of the sensitivity analysis are outlined below: 

• The WestConnex scheme remains economically viable against all sensitivity tests undertaken, with BCRs 
remaining above 1 in all cases.   

• The WestConnex scheme remains economically viable against significant cost increases of 30 per cent to 
both CAPEX and OPEX, reducing the BCR to 1.5 (with WEIs); 

• The worst outcome of the sensitivity tests undertaken was associated with an increase to the discount rate 
to 10 per cent which resulted in a BCR of 1.2 (with WEIs).  The likelihood of this discount rate being 
applicable is considered low given the current Australian Government Bond (10 year yield) rate is less 3 
percent. 
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1. Introduction 
1.1. Background 
WestConnex is a broad program of approximately 33 kilometres of interconnected projects to enhance and link 
the M4 and M5 Motorways and extend the Sydney motorway network towards the Central Business District 
(CBD) and major activity centres.   

The key stages of the WestConnex program are outlined in Table 1-1 and illustrated in Figure 1-1. 

Figure 1-1: WestConnex stages  

 
Source: WestConnex Delivery Authority (2015) 

Table 1-1: WestConnex program stage descriptions 

Stage  Descriptions 

WestConnex 
Stage 1A 

Stage 1A involves widening the M4 from Parramatta to Homebush. Key elements include: 

• Upgrade of existing ramps at Church Street. 

• Construction of a new two land viaduct between Church Street, Parramatta and Wentworth Street, 
Granville, and reconfiguration of traffic lanes on the existing viaduct structure (to make four lanes in 
each direction). 

• Widening and lengthening of existing ramps at James Ruse Drive. 

• Widening of the existing motorway carriageway between Wentworth Street, Granville and Duck 
River, Auburn.  
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Stage  Descriptions 

• New bridge/viaduct over Duck River at Auburn. 

• Widening and lengthening of existing ramps at Silverwater Road. 

• Lengthening of existing westbound on-ramp at Hill Road.  

• Widening of the at-surface carriageway of the motorway between Junction Street, Auburn and 
Homebush Bay Drive, Homebush to provide four traffic lanes in each direction. 

• New westbound on-ramp loop to the M4 Motorway from Homebush Bay Drive, Homebush, replace 
the existing signalised right turn.  

• Construction of Stage 1A commenced in March 2015.  

WestConnex 
Stage 1B 

Stage 1B involves connectivity to the M4 East. Key elements include: 

• Road surface widening from Homebush Bay Drive, Homebush to Powells Creek, Homebush Bay 
West (approximately 1 kilometre) to provide three lanes in each direction. 

• Western tunnel portal located at Powells Creek, Homebush Bay West. Tunnel through to Haberfield. 

• Westbound on-ramps and eastbound off-ramps connecting the tunnel to Parramatta Road at Wattle 
Street. 

• Eastern tunnel portal surfaces at the City West Link, Haberfield. 

• Once Stage 3 is built, the City West Link portal will operate as westbound on-ramps and eastbound 
off-ramps for the integrated motorway tunnel. 

• Tunnel stubs to be constructed to facilitate underground connection of Stage 3. 

Construction of Stage 1B is expected to commence in 2016.  

WestConnex 
Stage 2 

Stage 2 involves a New M5 to duplicate the existing M5. Key components include: 

• Upgrade to the existing on and off-ramps at the King Georges Road interchange. 

• Widening of the existing M5 East surface road to four lanes in each direction, from King Georges 
Road, Beverly Hills, to just west of Kingsgrove Road, Kingsgrove.  

• Western tunnel portal located on the M5 East, just west of Kingsgrove Road. Tunnel in close 
proximity to existing M5 East, before heading north to St Peters.  

• Eastern portal south of Campbell Road, St Peters, creating the ‘St Peters Interchange’. Once Stage 
3 is built, St Peters Interchange will operate as on and off-ramps for the integrated motorway tunnel. 

• Tunnel stubs to facilitate underground connection with Stage 3. 

• Surface road works for roads in the vicinity of the St Peters Interchange, including: 

• ‘Sydney Gateway’ connecting St Peter Interchange to Airport Drive, near Sydney Airport. 

• Upgrade of the King George Rd Interchange has already commenced. 

• Construction of the new M5 tunnel is expected to commence in 2016. 

WestConnex 
Stage 3  
(M4-M5 Link) 

Stage 3 involves a new M4-M5 Link including the ‘Northern Extension’. Key components include: 

• Main line tunnel (fully underground) running from Haberfield stub, along City West Link alignment 
under the Inner West, before turning south to St Peters. 

• Eastbound on-ramps and westbound off-ramps connecting the tunnel at Haberfield to Parramatta 
Road at Wattle Street. 

• Surface connections at the Rozelle Interchange to the City West Link (for traffic to and from the 
west), Victoria Road, and the ANZAC Bridge. 

• Stub tunnels off the Rozelle Interchange to facilitate the underground connection of a future 
Western Harbour Tunnel. 

• North and south bound on and off-ramps at Camperdown for drivers coming to and from the CBD. 

• Main line tunnel (fully underground) connecting to St Peters stubs.  

Source: WestConnex Delivery Authority (2015) 
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1.2. Scope 
The WestConnex Delivery Authority (WDA) has engaged KPMG to provide economic advisory services relating 
to the WestConnex project. Specifically, the scope of services involves preparation of an economic cost-benefit 
analysis (CBA) for the WestConnex Business Case Update including evaluations of Stages 1, 2 and 3. 

1.3. Structure of this document 
The remainder of this document is structured as follows: 

• Section 2: outlines the approach to undertaking the economic appraisal for WestConnex including inputs 
and assumptions, scenarios for analysis, and economic performance indicators used to determine project 
viability. 

• Section 3: summarises the transport demand forecasting approach and outputs for WestConnex as 
undertaken by WDA. 

• Section 4: describes the capital, operating and lifecycle costs for WestConnex. 

• Section 5: describes the economic benefits of WestConnex, including user benefits, non-user benefits and 
wider economic impacts (WEIs). 

• Section 6: outlines the results of the economic appraisal and testing of the sensitivity of key assumptions 
and parameters included in the analysis.  
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2. Analysis approach 
2.1. Overview 
The assessment of the economic viability of WestConnex was undertaken through use of Cost Benefit Analysis 
(CBA) and Wider Economic Impacts (WEIs) analysis. This section outlines analysis approach, including 
guidelines that guided the approach and assumptions, key inputs, base case and project case definition and 
sources information for estimating project costs and benefits. The analysis results are detailed in Section 6.  

CBA is a systematic approach to analysing the economic, social and environmental costs and benefits 
associated with a project. CBA uses a discounted cash flow analysis to compare the transport related marginal 
cost and benefits of WestConnex relative to a ‘do minimum’ base case scenario.  The framework for the CBA 
and WEIs analysis is illustrated in Figure 2-1 and involves the following steps: 

1. Articulation of the base case (do-minimum) scenario and the project options being investigated. 

2. Identification of various economic, social and environmental costs and benefits. 

3. Quantification of the identified costs and benefits. 

4. Comparing and contrasting the quantified costs against the benefits over an appropriate timeframe.  

5. Generating economic performance measures such as Net Present Value (NPV), Benefit-Cost Ratio (BCR), 
and Internal Rate of Return (IRR) to evaluate the economic viability of the proposed options. 

6. Sensitivity analysis to assess the sensitivity of performance measures to changes in key input variables.   

Figure 2-1: Analytical approach  

 
Source:  KPMG 
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2.2. Appraisal scenario definition 
For the purposes of the WestConnex Business Case Update, KPMG have conducted economic appraisal of 
WestConnex Stages 1, 2 and 3, including Sydney Gateway, but excluding the proposed Southern Extension.  
The specifics of the appraisal are outlined in the following sections. 

2.2.1. Summary of appraisal scenario 
CBA and WEIs analysis involves a comparison between a Base Case (without the initiative) and a Project Case 
(with the initiative). The Project Case and Base Case scenario used for the WestConnex Business Case Update 
is outlined in Table 2-1. 

Table 2-1: Project Case and Base Case definitions for analysis  

Appraisal Scenario Project Case  Base Case (Do Minimum) 

Scenario One – WestConnex • M4 widening and M4 East 

• New M5 

• M4-M5 Link 

• Connection to ‘Sydney Gateway’ 

• Base network with no 
WestConnex 

Source: WestConnex Delivery Authority 

2.2.2. Scenario One – WestConnex  
Scenario One measures the economic costs and benefits of the WestConnex Full Scheme.  The key elements 
of the project case include:  

• Stage 1A – the widening the M4 from Parramatta to Homebush. Key elements include the upgrade of 
ramps at Church Street; a new viaduct between Parramatta and Granville; reconfiguration of traffic lanes on 
the existing viaduct structure; widening and lengthening of existing ramps at James Ruse Drive; widening 
of the existing motorway carriageway between Granville and Auburn; new bridge/viaduct over Duck River at 
Auburn; widening and lengthening of existing ramps at Silverwater Road; lengthening of existing westbound 
on-ramp at Hill Road; widening of the motorway between Auburn and Homebush to provide four traffic 
lanes in each direction; new westbound on-ramp loop to the M4 from Homebush. 

• Stage 1B - connectivity to the M4 East. Key elements include road surface widening from Homebush to 
Homebush Bay West; Western tunnel portal; tunnel through to Haberfield; associated on/off ramps to 
Parramatta Road at Wattle Street; tunnel portal surfaces at City West Link, Haberfield; and tunnel stubs to 
connect to Stage 3. 

• Stage 2 – duplication of the existing M5. Key components include the upgrade of existing on and off-
ramps at the King Georges Road interchange; widening of the existing M5 East surface road to four lanes in 
each direction, from Beverly Hills to Kingsgrove; Western tunnel portal located on the M5 East, just west of 
Kingsgrove Road; a tunnel close to the existing M5 East, heading north to St Peters; an Eastern portal at St 
Peters, creating the ‘St Peters Interchange’; and tunnel stubs for underground connection with Stage 3. 
Stage 2 also includes a connection to ‘Sydney Gateway’ connecting St Peter Interchange to Airport Drive, 
near Sydney Airport. 

• Stage 3 - a new M4-M5 Tunnel Link. Key elements include a Main line tunnel from Haberfield stub to St 
Peters; eastbound on-ramps and westbound off-ramps connecting the tunnel at Haberfield to Parramatta 
Road at Wattle Street; surface connections at the Rozelle Interchange to the City West Link (for traffic to 
and from the west), Victoria Road, and the ANZAC Bridge (on ramps only); stub tunnels off the Rozelle 
Interchange to facilitate the underground connection of a future Western Harbour Tunnel; and North and 
south bound on and off-ramps at Camperdown for drivers coming to and from the CBD. 

The appraisal compared the above Project Case to a ‘do minimum’ base case where it was assumed that 
WestConnex did not proceed.  
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2.3. Key inputs 
Key inputs to the CBA include: 

• Key economic appraisal parameters for undertaking discounted cash flow analysis, including discount rates 
and appraisal periods. These are detailed in Section 2.4. 

• Traffic modelling outputs from the WestConnex Road Traffic Model (WRTM) version 2.1 for the years 2012, 
2021 and 2031. For each model year, outputs were provided for four time periods across an average 
weekday from which user and non-user benefits have been calculated. Outputs were provided for five 
vehicle types including cars (business, commuter and other), light commercial vehicles, and heavy 
commercial vehicles. The transport demand modelling outputs are summarised in Section 3. 

• Project costs were provided by WDA and their advisers Rider Levett Bucknall Pty Ltd (RLB). These costs 
include capital, operating and maintenance costs and are detailed in Section 4. 

• Project benefits were calculated based on traffic model outputs and quantified by applying relevant 
parameters derived from the appropriate economic appraisal guidelines. Project benefits are discussed in 
Section 5. 

Key inputs to the WEIs analysis include: 

• demographic forecasts (population and employment) for Greater Sydney; and 

• derived agglomeration elasticities by industry for Greater Sydney.  

Inputs for the WEIs analysis are discussed further in Section 5. 

2.4. Economic appraisal guidelines and parameters 
The approach adopted for the analysis is consistent with relevant project evaluation guidelines, including: 

• Austroads (2014), National Guidelines for Transport System Management in Australia, December. 

• New South Wales Treasury (2007), NSW Government Guidelines for Economic Appraisal, July. 

• Transport for New South Wales (2015 update), Principles and Guidelines for Economic Appraisal of 
Transport Investment and Initiatives, March. 

• Department for Transport UK (2014), WebTag Unit A1.3 User and Provider Impacts, January. 

The economic parameters and expansion factors adopted for the analysis are summarised in Table 2.2. 

Table 2.2: Economic appraisal parameters used for the WestConnex appraisal.  

Parameter  Value Description 

Discount rate 
(real) 

7 per cent Consistent with Infrastructure Australia and NSW Treasury 
recommended rate. Sensitivity tests undertaken at 4 per cent 
and 10 per cent. 

Appraisal 
period 

34 years (2019 to 2052 inclusive) Starting from the first year of operation of WestConnex Stage 1 
in 2019 and finishing 30 years after the opening of Stage 3 
(2023) in 2052 (Infrastructure Australia, 2013) 

Base year for 
discounting  

2015 Year in which construction starts (Australian Transport Council, 
2006) 

Price base 2015 (Q1)  The price base is a reference point in time against which all 
monetised values (for both costs and benefits) are presented in 
the economic appraisal.   

The most recent index values for the Consumer Price Index 
(CPI), Average Weekly Earnings (AWE) and the Producer Price 
Index (PPI) as published by the Australian Bureau Statistic (ABS), 
have been used in this appraisal to convert all values to 2015 
(Q1) prices. 
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Parameter  Value Description 

Construction 
period  

Stage 1: March 2015 - June 2019 
Stage 2: January 2015 - June 2019 
Stage 3: January 2019 - June 20237 

Incremental opening by stage as per WDA advice and specified 
in WestConnex O&M cost report.8 

First year of 
operation  

Stage 1: Late 2019 
Stage 2: Late 2019 
Stage 3: Late 2023  

Incremental opening by stage as per WDA advice and specified 
in WestConnex O&M cost report. 4 

Expansion 
factors for 
WRTM 2.1 

AM Peak to daily – 2.0  
Inter-peak to daily – 6.0 
PM peak to daily – 3.0  
Evening to daily – 7.3  
Weekday to annual - 345 

Expansion factors are consistent with those applied in WRTM 
and specified in WDAs Traffic Patronage Report4. 

Modelled 
years 

2012, 2021 and 2031. Modelled years are as specified by the WRTM. Benefits were 
interpolated between WRTM model years 2012, 2021 and 2031 
(interpolation approach discussed below).  

Interpolation 
and 
extrapolation 

Linear interpolation  - 2019 to 2021 

 

 

Linear interpolation - 2021 to 2031 

 

 

Decayed extrapolation - 2031 
onwards 

Linear interpolation has been used to estimate benefits 
between 2012 and 2021 modelled years, however the benefits 
have only been counted from 2019 onwards. Linear interpolation 
has been used to estimate benefits between 2021 and 2031 
modelled years. 

For benefits beyond the 2031 and the last year of the appraisal 
period, a ‘decay’ function has been used which assumes that 
there is some growth in the benefit stream beyond the final 
model year, but this growth plateaus over time due to increased 
traffic resulting from economic growth over time in the Sydney 
region. This is a conservative approach. 

Source:  Infrastructure Australia (2013), Australian Transport Council (2006), Australian Bureau of Statistics (2015) and 
information and advice provided by WDA. 

2.5. Treatment of induced demand 
Induced demand refers to the increase in journey numbers that can result from an increase in network capacity.    
Potential sources of induced demand include: 

• changes in mode of travel as improvements make road transport more attractive than bus or rail; 

• changes to final destinations as improved travel times allow access to more distant destinations; and 

• changes in time of travel as drivers choose to travel during peak times due to reductions in journey times.  

It is noted that previous analysis of the economic viability of WestConnex have not attempted to quantify the 
effects of induced demand.  This economic analysis quantifies benefits associated with induced demand, by 
applying the ‘Rule of Half’ method, to approximate the change in consumer surplus generated by WestConnex. 
Consumer surplus theory is discussed further in Appendix 1 

This method applies to user benefits including travel time savings, vehicle operating cost savings and travel time 
reliability. The approach is consistent with recommendations from Infrastructure Australia, specifically:   

“For major projects, it is recommended that transport modelling and economic appraisal account for additional trips and 
redistribution of trips that result from the project. These induced trips can both positively and negatively impact the overall 
benefits of road projects. Negative impacts could occur where induced trips lead to road congestion. This has been 
shown to be material in demand modelling undertaken for a major scheme in Victoria9.  

                                                      

7 Sydney Gateway is proposed to be constructed at the same time as Stage 3. 
8 Rider Levett Bucknall (2015), Operations, Maintenance and Life Cycle Costing Report for Westconnex, August 
9 Infrastructure Australia (2015), Project Assessment Brief – WestConnex.  
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2.6. Economic performance indicators 
The final stage of the CBA and WEIs analysis is a discounted cash flow analysis to compare and contrast the 
costs and benefits of the Project Case and Base Case over the evaluation period. Both conventional and WEI 
benefits and operating costs are calculated from project opening (in 2019 and 2023) to 2052 and discounted at a 
rate of 7 per cent (real). Capital costs are distributed across the construction period and discounted at a rate of 7 
per cent (real).  

The following economic performance measures are calculated to estimate the economic viability of the 
WestConnex project: 

• Benefit Cost Ratio (BCR) - a measure of the magnitude of net benefit to society derived from the capital 
investment in the project. Our analysis has adopted the NSW Treasury definition for the BCR metric, 
defined as equal to the present value of benefits less the present value of operating costs, divided by the 
present value of capital expenditure on the project. This metric is also known as the Net Benefit Investment 
Return (NBIR). 

• Net Present Value (NPV) - a measure of the magnitude of net benefit to society from the project, equal to 
the present value of benefits less the present value of costs of the project. 

• Internal Rate of Return (IRR) - is the discount rate at which the present value of costs equals the present 
value of benefits (i.e., the breakeven point). 

Analysis of the results considers the BCR, NPV and IRR metrics using the conventional CBA method (without 
WEIs) as the primary measures of economic viability.  The same metrics calculated inclusive of both 
conventional CBA and WEIs analysis as a secondary measure of viability.  
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3. Traffic demand modelling 
The economic appraisal is informed by traffic demand forecasting analysis led by WDA and its advisors (Jacobs), 
using the WestConnex Road Traffic Model - Version 2.1 (WRTM) – a strategic transport model which uses 
information from the Transport for New South Wales (TfNSW) multi-modal Strategic Travel Model (STM) to 
investigate network link performance. This section summarises the key features of WRTM; assumptions 
regarding time periods and vehicle types; and modelled scenario outputs that inform the economic analysis.  

3.1. Key features of WRTM 
“The WestConnex traffic investigation applied traffic modelling techniques to build WRTM, which is a road 
network base model, validated against existing network traffic flows and journey times, to forecast future 
traffic flows and changes on a future road network with and without the WestConnex project implemented.  

The key bases of the modelled traffic forecasts are existing driver and traffic flow behaviour, zonal land use 
(population and employment projections) for future modelling years up to 2031, planned road network 
improvements up to 2031, surveyed values of travel time savings for traffic assignment onto the network and 
toll diversion estimates.  

WRTM is principally an assignment model that is linked to the TfNSW multi-modal STM and through that 
connection it incorporates the Trip Generation, Trip Distribution and Mode Choice modules and demographic 
data related to land use including population, employment and education enrolment projections. ”10 

The structure and data flow for WRTM is shown diagrammatically in Figure 3-1. 

Figure 3-1: WRTM data flow  

 
Source:  WestConnex Delivery Authority (2015), WestConnex Traffic Analysis - Traffic Patronage Report, January. 

                                                      

10 WestConnex Delivery Authority (2015), WestConnex Traffic Analysis - Traffic Patronage Report, January. 
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3.2. Time periods and vehicle classes 
WRTM outputs were provided for an average weekday for the years 2012, 2021 and 2031. For each modelled 
year, outputs were provided for the following time periods: 

• AM peak – between 7am and 9am  

• Inter peak – between 9am and 3pm  

• PM peak - between 3pm and 6pm. 

• Evening (Off peak) – between 6pm and 7am. 

The models outputs were provided for five vehicle type definitions these are outlined in Table 3-1. 

Table 3-1: Vehicle classes in WRTM  

User Class Vehicle types Registration type Trip Purpose 

Privately registered  
Car - Business Car – Business Private 

Business purposes (on work time 
only – not to/from work) 

Privately registered  
Car – Commuter 

Car – Commuter Private Commuting to/from work 

Privately registered  
Car - Other Car - Other Private All other (i.e. education and 

leisure) 

Business registered Light 
Commercial Vehicles (LCV) 

Cars, Utes, vans and light 
rigid trucks 

Commercial / 
Business All 

Heavy Commercial Vehicles 
(HCV) 

Heavy rigid and articulated 
trucks 

Commercial / 
Business All 

Source:  WestConnex Delivery Authority (2015), WestConnex Traffic Analysis - Traffic Patronage Report, January. 

The vehicle classes for WRTM are particularly important with respect to determination of appropriate economic 
appraisal parameters such as value of travel time savings (VTTS) and vehicle operating cost parameters.  
Sections 5.2.1 and 5.2.2 include further details of VTTS and VOC parameters used for the appraisal.  

3.3. Key traffic modelling outputs 
Key traffic modelling outputs that informed the economic appraisal include: 

• the change in daily traffic volumes between the Base Case and Project Case; 

• the change in vehicle kilometres travelled between the Base Case and Project Case; 

• the change in vehicle travel times between the Base Case and Project Case; and 

• the impact of induced demand. 

These key outputs are summarised below for each of the scenarios for analysis. It is important to note that the 
traffic modelling outputs and the economic appraisal exclude any effects associated with the operation of the 
Western Harbour Tunnel. The operation of the Western Harbour Tunnel is expected to increase the daily traffic 
volumes resulting from WestConnex. 

3.3.1. Change in daily traffic volumes 
The change in daily traffic volumes resulting from WestConnex are illustrated in Figure 3-2. As outlined above, 
these estimates exclude the impacts associated with other projects such as the Western Harbour Tunnel. 

The introduction of WestConnex is expected to result in: 

• relief of traffic and congestion on key east-west roads including M5 East, General Holmes Drive, M4 East, 
Parramatta Road east and City West Link; 

• lower traffic volumes and reduced peak congestion on north-south roads, including Eastern Distributor, 
Southern Cross Drive, Prince’s Highway and King Georges Road; and 
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• provision of new free-flowing capacity between the M5 motorway to M4 motorway allowing a predicted 
90,000 vehicles travelling at the posted speed between the two motorways each weekday in 2031 (3,000 
per hour each way in the peak hour). 

As outlined in Section 5, the change in traffic volumes is a key input to the estimation of the user benefits such 
as travel time savings, vehicle operating cost saving and reliability benefits in the economic appraisal. 

Figure 3-2: Change in modelled traffic daily volumes from WestConnex, AWT 2031  

 

Source:  WestConnex Delivery Authority, August 2015. 

3.3.2. Change in vehicle kilometres travelled 
The change in vehicle kilometres travelled are summarised in Table 3-2. 

Table 3-2: Change in vehicle kilometres travelled, 2031  

WRTM scenario Cars LCVs HCVs 
Daily VKT             
Base Case 82,035,160 36,408,320 10,136,040 
Scenario One 82,431,920 36,778,060 10,110,480 
Change 396,760 (0.48%) 369,740 (1.02%) -25,560 -(0.25%) 

Source:  KPMG analysis of WRTM Traffic Statistics (information supplied 24 June 2015). 
Note:        Table 3-2 includes links that allow connectivity to the network. These links comprise 0.1% of VKT. 

The traffic modelling for WestConnex estimated that as a result of WestConnex, the total vehicle kilometres 
travelled by cars would increase by 0.5 per cent and light commercial vehicle kilometres increase by 0.7 per 
cent. There is only a marginal increase in the number of truck kilometres travelled. 

As outlined in Section 5, the change in vehicle kilometres travelled under each scenario is a key input in the 
estimation of the crash cost savings and environment externalities. 
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3.3.3. Change in travel times 
The change in travel times in key road corridors resulting from WestConnex is illustrated in Chart 5. The WRTM 
outputs indicate that WestConnex results in a reduction in modelled travel times for key corridors to and from 
the west and south west Sydney road network.  

Chart 5: Change in modelled travel times in heavy vehicle corridors, WestConnex  

 

Source:  WestConnex Delivery Authority (2015), WestConnex Traffic Analysis - Traffic Patronage Report, January. 

As outlined in Section 5, the change in travel times informed the analysis of the travel time saving benefits 
associated with the WestConnex.  

3.3.4. Impact of induced demand 
WRTM uses an elasticity approach to estimate Induced traffic from the WestConnex project (including trip 
mode shifts from public transport and new trips on the network)11.  The average weekday travel demand across 
the network for each scenario and the estimated change are outlined in Table 3-3. 

Table 3-3: Change in number of daily vehicle trips, average weekday – 2031 

WRTM scenario Cars LCVs HCVs 
Daily trips             
Base Case 7,980,780 3,638,850 399,630 
Scenario One 8,011,750 3,653,150 399,630 
Change 30,970 (0.39%) 14,300 (0.39%) 0 (0.00%) 

Source: WRTM Traffic Statistics (information supplied 24 June 2015). 

The combined total number of new road trips and trips moved to road from public transport as a result of 
improved traffic conditions from the full WestConnex project (Stages 1, 2 and 3) is estimated to be around 
45,000 in an average weekday in 2031. This represents 0.4 per cent of the total number of daily car trips on the 
Sydney-wide network in 2031. The analysis of demand assumed the number of truck trips would not change as 
a result of WestConnex. 

                                                      

11 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------- 
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The geographic distribution of these new trips is illustrated in Figure 3-3. 

Figure 3-3: New trips on the network resulting from the Full WestConnex scheme, AM Peak 2031  

 

Source:  WestConnex Delivery Authority, August 2015. 
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4. Project costs 
The economic appraisal relies on project cost estimates as provided by WestConnex Delivery Authority and its 
advisors Rider Levett Bucknall (RLB). The following section describes the economic costs of the WestConnex 
project scenario, including:  

• Capital costs - all non-recurrent capital costs that are expected to be incurred after the economic appraisal 
period commences; and 

• Operating and maintenance costs - all necessary recurrent costs to operate and maintain the asset over 
the evaluation period.  

A summary of the cost inputs is provided in Table 4-1 with further detail outlined in the following subsections.  

Table 4-1: Inputs and assumptions for capital and operating cost estimates 

Description Approach and assumptions Source 

Capital costs  

Detailed cost estimates and forecast 
spend profile of all project capital 
expenditure including road and tunnel 
construction, ramps and ventilation 
construction, property costs, client 
costs and other capital requirements.  

Capital costs were supplied to KPMG as nominal values, and 
subsequently de-escalated at a rate of 2.5 per cent (the 
Reserve bank of Australia’s target rate for inflation). 

The economic analysis excludes costs associated with 
construction of the proposed Southern Extension, or proposed 
linkages for the Western Harbour Tunnel.   

WestConnex 
Delivery 
Authority and 
Rider Levett 
Bucknall, 
August 2015 

Operating,  maintenance and 
lifecycle costs  

Operating, maintenance and lifecycle 
expenditure over project evaluation 
period in real values.  

Operating, maintenance and lifecycle costs were supplied to 
KPMG as real values. 

Operating expenditure includes road and tunnel operations 
and associated costs including energy, access and 
maintenance, staffing, and lifecycle maintenance costs. 

WestConnex 
Delivery 
Authority and 
Rider Levett 
Bucknall, 
August 2015 

Source:  Information provided by Rider Levett Bucknall Pty Ltd and WestConnex Delivery Authority, August 2015 

4.1. Capital costs 
The real capital cost estimates used for the analysis are summarised in Table 4-2. These were de-escalated 
from nominal capital costs provided by WDA and cost advisors RLB.  

Table 4-2: Capital costs cash flow (real dollars) - WestConnex scenario 

Financial Year 
Stage 1A 

- M4 
Widening 

Stage 1B - 
M4 East 

Stage 2 - King 
Georges Rd 
Interchange 

Stage 2 - 
New M5 

Stage 2 - 
Sydney 

Gateway 

Stage 3 - 
M4 to M5 

Link 

Total 
WestConnex 
Core Scheme 

FY2014/15        
FY2015/16        
FY2016/17        
FY2017/18        
FY2018/19        
FY2019/20        
FY2020/21        
FY2021/22        
FY2022/23        
FY2023/24        
Total (real)       $15,083.1m 
Total (nominal)       $16,811.6m 

Source:  Rider Levett Bucknall Pty Ltd and WestConnex Delivery Authority, August 2015   
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The total cost associated with construction of WestConnex is estimated to be $15.1 billion (in real 2015 dollars). 
Capital expenditure is assumed to commence in 2015-16 and construction is expected to be completed in 2023-
24. Construction peaks over the years 2018-19 to 2022-23. 

The components of real capital cost for WestConnex are outlined in Chart 6. These include property, design and 
construction contracts, tolling equipment, retained works, contamination and remediation works and client 
costs. In addition, the analysis includes $180 million in funding for UrbanGrowth NSW that will be directed 
towards facilitating urban renewal activities around Parramatta Road. 

Chart 6: Capital costs breakdown – WestConnex scenario 

 
Source:  KPMG analysis of Rider Levett Bucknall Pty Ltd and WestConnex Delivery Authority CAPEX data, 2015  

The capital expenditure estimates for WestConnex include costs associated with off-ramps to facilitate the 
operation of the Western Harbour Tunnel. This expenditure will enable additional user and non-user benefits 
associated with the Western Harbour Tunnel, but benefits associated with these ramps have been excluded 
from the economic analysis for WestConnex.  Further costs of developing linkages between WestConnex and 
the Western Harbour Tunnel have also been excluded. The analysis excludes the Southern Extension and its 
associated costs. These costs should be considered in any future assessments concerning the proposed 
Southern Extension and / or the Western Harbour Tunnel.  

4.2. Operating and maintenance costs 
Annual operating and maintenance (O&M) costs were developed by RLB and supplied to KPMG as real dollars 
(in 2015 Q1 prices). The profile of O&M costs over the appraisal period is represented in Chart 7.  RLB based 
the O&M values on a life cycle costing (LCC) estimation in accordance with International Standard 15686-5. 
Specifically, the approach includes provisions for “all Replacement / Re-active & Planned Maintenance and 
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Operations for internal and external elements including structural and civil, engineering services, finishes and 
fittings”12. 

Chart 7: Operating and maintenance costs ($ real) – WestConnex scenario 

 

Source:  KPMG analysis of Rider Levett Bucknall Pty Ltd and WestConnex Delivery Authority real O&M data, 2015  

The O&M costs included in the economic appraisal are illustrated in Chart 8.  The average annual O&M cost 
(including risk contingency) for Stage 1, 2 and 3, are ------------------------------------------------ per annum, respectively. 

Chart 8: WestConnex scenario Lifecycle costs breakdown  

 

Source:  KPMG analysis of Rider Levett Bucknall Pty Ltd and WestConnex Delivery Authority real O&M data, 2015   

                                                      
12 --------------------------------------------------------------------------------------------------- 
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5. Project benefits 
The following section describes the economic benefits associated with WestConnex, including: 

• an overview of the benefits and the approach to quantification of these benefits; 

• a description of the user benefits including travel time savings, vehicle operating cost savings and reliability 
benefits; 

• a description of the non-user benefits including reduction in crash costs, environmental costs and the 
residual value of the asset;  

• a summary of the wider economic impacts including agglomeration economies and labour market 
deepening; and 

• a summary of the benefits associated with each scenario.  

5.1. Summary of benefit quantification approach 
The benefits associated with WestConnex principally comprise: 

• User benefits – benefits to private and public transport users as a result of the introduction of WestConnex. 
User benefits include the travel time savings, vehicle operating cost savings, and reliability benefits. 

• Other benefits – benefits accruing to society as a whole as a result of changes to travel behaviour following 
the introduction of WestConnex. This includes changes in road crash costs, environmental externalities and 
road maintenance savings.  

• Wider Economic Impacts – including agglomeration (WB1) and increased labour supply (WB2) benefits. 

Quantification of the economic benefits relied on the outputs of the WRTM strategic transport model (as 
described in Section 3). These model outputs were provided for an average weekday (divided into four time 
periods) for the years 2012, 2021, and 2031 for each stage of WestConnex and the Base case). This enabled 
quantification and comparison of the benefits of the WestConnex scheme. 

Note on Tolling – A tolling regime has been applied within WRTM by WDA to consider the impact of tolling on 
traffic demand forecasts, on both mode choice and route assignment.  Consequently, the traffic demand 
outputs provided to KPMG by WDA include these tolling impacts within the forecasts. However, for the 
purposes of the economic analysis, tolling of WestConnex is considered as a transfer payment from the user to 
operator, and as such, it is considered to have a neutral effect on overall benefits and costs of the scheme. 

The approach used to calculate the identified project benefits is summarised in Table 5-1 

Table 5-1: Summary of approach to quantification of benefits 

Benefit Categories Broad Approach 

User benefits 

Travel time Quantified using WRTM V2.1 outputs (change in consumer surplus relating to travel time) and 
applying values of time derived from TfNSW (2015) guidance. 

Vehicle operating costs Quantified using WRTM V2.1 outputs (change in consumer surplus relating to VOC) and 
applying valuation parameters from Austroads (2014). 

Travel time reliability  Quantified using WRTM V2.1 outputs (change in volume/capacity ratio, speed and number of 
vehicles on each link in the network) and applying valuation parameters from the UK WebTAG 
guidance 2014. 

Other benefits 

Crash cost savings Quantified using WRTM V2.1 outputs (change in VKT on each link type e.g. freeway, arterial 
etc.)), applying crash rates derived from Austroads (2014) and applying ‘willingness to pay’ 
values for crashes avoided, from TfNSW (2015). 
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Benefit Categories Broad Approach 

Environmental 
externalities (including 
greenhouse gas 
savings) 

Quantified using WRTM V2.1 outputs (change in VKT throughout network) and applying 
applicable valuation parameters from Austroads (2014). 

Greenhouse gas emissions was quantified using WRTM outputs (change in vehicle-kilometres 
travelled (VKT) and average speed on each link in the network). Fuel consumption was 
estimated using Austroads (2014) parameters and converted to tonnes of CO2-e using 
emission factors provided by the Australian Department of Environment (Australian 
Government, 2014b). 

Residual value of asset Quantified using weighted average economic life less depreciation using the straight line 
method. The residual value is incorporated as a benefit in the last year of the appraisal period. 

Wider Economic Impacts 

Agglomeration 
economies (WB1) 

Agglomeration impacts were calculated as the incremental change in the effective density 
metric (i.e. the mass of economic activity) across the modelled area, resulting from changes in 
the respective accessibility of firms and workers to each other. 

Improved labour supply 
(WB2) 

Labour market deepening was estimated as the additional tax revenue resulting from more 
people choosing to work as a result of better accessibility to employment (lower after 
commuting cost wage), resulting from WestConnex. 

Source: KPMG and WDA, 2015 

5.2. User benefits 
This section describes the key user benefits of WestConnex, including the method for calculation for the 
economic appraisal.  User benefits include travel time savings, vehicle operating cost savings, and travel time 
reliability benefits. The user benefits calculated for the appraisal are summarised in Table 5-2 in both discounted 
(present value) and undiscounted (total value) terms over the appraisal period. 

Table 5-2: User benefits of the WestConnex scenario 

User Benefits 
 

Discounted  
(Present value)  

Undiscounted  
(Total value) 

Travel Time savings 

Cars – Privately registered, Business use13 $4,305.9m $18,303.4m 
Cars – Privately registered, Commuter $1,687.6m $7,290.7m 
Cars – Privately registered, Other $991.8m $4,541.3m 
Light Commercial Vehicles $3,389.3m $14,094.9m 
Heavy Commercial Vehicles $2,528.3m $10,895.1m 

Vehicle operating cost savings 

Cars – Privately registered, Business use $1,570.6m $6,639.7m 
Cars – Privately registered, Commuter $1,065.2m $4,581.8m 
Cars – Privately registered, Other $620.8m $2,835.1m 
Light Commercial Vehicles $1,163.6m $4,876.3m 
Heavy Commercial Vehicles $1,761.6m $7,522.5m 

Travel Time Reliability savings 

Cars – Privately registered, Business use $336.9m $1,463.0m 
Cars – Privately registered, Commuter $285.5m $1,242.7m 
Cars – Privately registered, Other $209.5m $939.2m 
Light Commercial Vehicles $438.7m $1,906.1m 
Heavy Commercial Vehicles $194.6m $832.5m 

Source:  KPMG analysis 

                                                      
13 This result is reflective of WRTM outputs, including ‘special generator’ zones, and the classification of business trip purposes for privately registered cars 
within WRTM. 
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Each user benefit stream is discussed individually in the following subsections.  

5.2.1. Travel time savings 
Travel time saving benefits were estimated based on travel time estimates derived from WRTM outputs. The 
specific inputs and assumptions used in the quantification of travel time savings are summarised in Table 5-3. 

Table 5-3: Inputs and approach for the economic appraisal of travel time savings  

Input Approach and assumptions 

WRTM vehicle trip matrices and time 
skim matrices for car and commercial 
vehicles 

Estimate travel time savings for each OD pair using consumer surplus (Rule 
of Half) approach and application of relevant values of time per hour. 

WRTM estimates of trips by purpose (business or private travel) for each OD 
pair to incorporate higher value of time for business travel. Accepted value of time parameters 

Source:  Jacobs and AECOM (2015), WestConnex Traffic Analysis and Traffic Patronage Report, report prepared for WDA, 
January and KPMG discussion with WDA 

The latest TfNSW (2015) Sydney specific VTTS parameters were applied to the consumer surplus estimates to 
monetise the benefits. The VTTS parameters for the analysis are outlined in Table 5-4. 

Table 5-4: Value of travel time savings parameters ($2015)  

Vehicle Type 
VTTS ($ per vehicle hour) 

TfNSW (2015 Q1) Values 

Cars – Privately registered, Business use $53.60 
Cars – Privately registered, Commuter $21.32 
Cars – Privately registered, Other $21.32 
Light Commercial Vehicles $37.83 
Heavy Commercial Vehicles $69.57 

Sources:  TfNSW (2015), Principles and Guidelines for Economic Appraisal of Transport Investment and Initiatives, Appendix 
4, Table 1, March. All values escalated to 2015 (Q1) dollars using ABS Average Weekly Earnings data 

5.2.2. Vehicle operating cost savings 
Vehicle operating cost (VOC) savings were estimated based on WRTM outputs on the number of trips and 
distance travelled. The specific inputs and assumptions are summarised in Table 5-5. 

Table 5-5: Inputs and approach for the economic appraisal of vehicle operating cost savings  

Input Approach and assumptions for economic appraisal 

WRTM outputs including vehicle trip 
matrices and time skim matrices for 
car and commercial vehicles. 

For each vehicle type, WRTM outputs on number of trips, distance and 
application of Austroads VOC model and model parameters. 

The urban stop-start model used for predicting VOCs in stop-start operations 
under 60 km/h.  Similarly, the free-flow model was used for average speeds in 
excess of 60km/h. 

Analysis was conducted for each origin-destination pair on number of trips and 
distance travelled to quantify VOC benefit using consumer surplus approach. 

Austroads vehicle operating cost 
model and accepted parameters.  

Source:  Transport and Infrastructure Council (2014), National Guidelines for Transport System Management in Australia 
and KPMG discussions with WDA 

The form of the VOC models are as follows: 

Stop-start model: c = A + B / V 

Free-flow model: c = C0 + C1 V + C2 V 2 

where: c = Vehicle operating cost (cents/km); V = Average travel speed in km/h; and  A, B, C0, C1, C2 = model 
coefficients.  
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The VOC model coefficients are summarised in Table 5-6. 

Table 5-6: Vehicle Operating Cost model coefficients  

Vehicle type 
Stop-start Free-flow 

A B C0 C1 C2 

01. Small Car 12.52 838.30 25.80 -0.13 0.00 

02. Medium Car 12.65 1315.52 35.05 -0.18 0.00 

03. Large Car 14.43 1838.48 46.18 -0.22 0.00 

04. Courier Van-Utility 15.94 1357.12 38.49 -0.18 0.00 

05. 4WD Mid Size Petrol 21.05 1328.79 40.56 -0.15 0.00 

06. Light Rigid 33.97 1543.55 51.51 -0.25 0.00 

07. Medium Rigid 35.80 2259.90 62.68 -0.30 0.00 

08. Heavy Rigid 57.16 2556.08 82.29 -0.55 0.01 

09. Heavy Bus 64.56 4632.15 124.70 -0.65 0.00 

10. Artic 4 Axle 84.57 3323.01 111.66 -0.72 0.01 

11. Artic 5 Axle 91.13 3688.61 119.90 -0.68 0.01 

12. Artic 6 Axle 98.69 3991.28 128.69 -0.69 0.01 

Source: Transport and Infrastructure Council (2014), National Guidelines for Transport System Management in Australia 
(Table 5.12), December, indexed to 2015 (Q1) dollars using CPI for cars and PPI for commercial vehicles 

5.2.3. Travel time reliability benefits – private transport 
Travel time reliability benefits were estimated based on the approach adopted by WebTag Unit A1.3 
(Department for Transport UK, User and Provider Impacts, January 2014). The approach considers reliability 
benefits as the change in monetised journey time variability, between the base case and the project case, using 
the following formula, to forecast changes in the standard deviation of travel time from changes in journey time 
and distance: 

∆𝜎𝜎𝑖𝑖𝑖𝑖 = 0.0018(𝑡𝑡𝑖𝑖𝑖𝑖22.02 −  𝑡𝑡𝑖𝑖𝑖𝑖12.02)𝑑𝑑𝑖𝑖𝑖𝑖
−1.41 

Where: 

∆𝜎𝜎𝑖𝑖𝑖𝑖 is the change in standard deviation of journey time from i to j (seconds) 
𝑡𝑡𝑖𝑖𝑖𝑖1  and 𝑡𝑡𝑖𝑖𝑖𝑖2  are the journey times, before and after the change, from i to j (seconds) 
𝑑𝑑𝑖𝑖𝑖𝑖 is the journey distance from i to j (km). 

The change in the standard deviation of travel time, between the project and base case, was used to estimate 
benefits as per the equation below: 

Benefit =  − 1
2
∑ ∆𝜎𝜎𝑖𝑖𝑖𝑖 ∗ �𝑇𝑇𝑖𝑖𝑖𝑖0 +  𝑇𝑇𝑖𝑖𝑖𝑖 1 � ∗ 𝑉𝑉𝑉𝑉𝑉𝑉𝑖𝑖𝑖𝑖  

When travel time reliability is expressed in terms of changes in standard deviation, a typical approach is to 
convert changes in travel time variability into in-vehicle time equivalents. In line with ATC National Guidelines 
(Australian Transport Council, 2006), we have assumed a conversion factor of one in-vehicle time minute for a 
minute change in the standard deviation for all vehicle types. With respect to value of reliability relative to value 
of time, WebTAG guidance (2014) advises that travel time reliability for: 

• cars is equivalent to 0.8 units of in-vehicle travel time; and 

• commercial vehicles is equivalent to 1.2 units of in-vehicle travel time. 
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5.3. Non-user benefits 
This section describes the key non-user benefits of WestConnex, including the approach to quantification for 
the economic appraisal. Non-user benefits include crash cost savings, environmental externalities, and residual 
value of assets. 

The non-user benefits calculated for the appraisal are summarised in Table 5-7 in both discounted (present 
value) and undiscounted (total value) terms over the appraisal period. 

Table 5-7: Non-user benefits for the WestConnex scenario – discounted and undiscounted  

Non-User Benefits  Discounted  
(Present value) 

Undiscounted  
(Total value) 

Non-User benefits 
Crash cost savings $11.3m $300.6m 
Greenhouse gas emission saving $831.9m $3,580.1m 
Environmental externality savings $63.1m -$3.6m 
Residual value of assets $748.9m $9,171.1m 

Source:  KPMG analysis 

5.3.1. Reduction in crash costs 
The reduction in crash costs was estimated based on WRTM outputs on distances travelled and average speed 
of travel. The distance and speed information were applied to valuation parameters as outlined in the TfNSW 
Transport for NSW (2013) guidelines. The specific inputs and assumptions used in the analysis are summarised 
in Table 5-8. 

Table 5-8: Inputs and approach for the economic appraisal of crash cost savings  

Input Approach and assumptions 

WRTM outputs for each individual link by speed limit on link 
for vehicle kilometres travelled by mode 

Quantifying the safety benefits arising from a project 
involved: 
• estimating how many crashes may be avoided 

following a project; and 
• estimating the likely unit costs of crash had it 

occurred. 

Crash rates for each road type or, if these are unavailable, 
we propose to use crash rates for private transport  

Crash cost valuation parameters for urban NSW  

Source:  Transport for NSW (2015), Principles and Guidelines for Economic Appraisal of Transport Investment and 
Initiatives, and KPMG discussions with WDA 

The crash cost parameters used for this appraisal, based on the willingness to pay (WTP) approach, are 
summarised in Table 5-9. 

Table 5-9: Parameters for WTP approach for quantifying average costs per crash  

Urban Crash Parameters 
WTP approach 

 ($/crash) 
Fatal crash $6,741,082 
Minor injury crash $142,089 
Property damage only $9,617 

Source:  TfNSW (2015) Principles and Guidelines for Economic Appraisal of Transport Investment and Initiatives, Appendix 
4, Table 45, March. Prices converted from 2014 (Q2) to 2015 (Q1) dollars using CPI. 

5.3.2. Change in environmental costs 
The approach to estimating the reduction in environmental costs relies on WRTM outputs on distances 
travelled, average vehicle speed and net tonne distances travelled for freight vehicles. These outputs are applied 
to environmental externality parameters. The approach to quantifying the change in environmental costs is 
outlined in Table 5-10. 
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Table 5-10: Inputs and approach for the economic appraisal of environmental costs  

Input Approach and assumptions for economic appraisal 

WRTM outputs for each individual 
link for vehicle kilometres travelled 
and average link speed for car and 
bus, and net tonne kilometres 
travelled for LCVs and HCVs. 

Externalities quantified include air pollution, greenhouse gas emissions, noise, 
water, nature and landscape, urban separation and upstream and downstream 
impacts. 

Using network wide changes in vehicle kilometres travelled or net tonne 
kilometres travelled and application of valuation parameters 

Greenhouse gas emissions explicitly estimated using fuel consumption equations 
given in NGTSM 2014. CO2 emission factors were sourced from the latest 
National Greenhouse Accounts, and social cost of CO2 emission factors sourced 
from the NGTSM 2014 - Environmental parameter values (PV4] 

Environmental externality valuation 
parameters from Austroads for 
Cars, LCVs and HCVs. 

Source:  Austroads (2014) National Guidelines for Transport System Management, and ABS (2015) National Greenhouse 
Accounts  

Environmental externality parameters for cars, light vehicles and heavy vehicles were applied to WRTM distance 
outputs. These parameters are consistent with the TfNSW guidelines and are summarised in Table 5-11. 

Table 5-11: Environmental externality parameters  

Externality component Cars ($/1000vkt) 
Light Commercial 

Vehicles ($/1000vkt) 
Heavy Vehicles 

($/1000vkt) 

Air pollution $12.06 $5.77 $124.98 
Greenhouse Gas $6.39 $2.58 $28.94 
Noise $2.88 $1.76 $26.49 
Soil and water $0.65 $0.53 $13.02 
Biodiversity $0.57 $0.22 $8.79 
Nature and landscape $0.13 $0.28 $1.00 
Additional urban/barrier effects $2.07 $1.02 $8.46 
Upstream and downstream $7.87 $2.89 $30.49 
Total $32.62 $15.05 $242.17 

Source:  Austroads (2014) - Updating Environmental Externalities Unit Values - Dec, 2013 (Q2) prices escalated to 2015 
(Q1) based on CPI. 

5.3.3. Residual value of asset 
The residual value is a measure of the capacity of the asset to continue earning benefits after the evaluation 
period. The residual value is based on the economic life or useful life of the asset. The approach to estimating 
the residual value of the WestConnex at the end of the appraisal period, is outlined in Table 5-12. 

Table 5-12: Inputs and approach for quantifying residual asset value 

Inputs Approach and assumptions 

Costs and asset lives for each 
asset type (e.g. vehicles, 
overhead, depot, major 
structures, permanent way) 

The weighted average asset life applied to new capital expenditure on WestConnex 
has been estimated to be 80 years. Given the appraisal only covers 30-34 years, each 
major structure may not need replacing for a further 40-50 years. As such the 
appraisal estimates the remaining economic value of the asset using straight line 
depreciation14.   The residual value will be treated as a benefit in the last year of the 
economic appraisal. 

Source:  TfNSW (2015) Principles and Guidelines for Economic Appraisal of Transport Investment and Initiatives, March 

                                                      

14 Infrastructure Australia (2013) 



Sensitive NSW Cabinet 

KPMG  |  40 

© 2015 KPMG, an Australian partnership and a member firm of the KPMG network of independent member firms affiliated with KPMG International Cooperative 
(“KPMG International”), a Swiss entity. All rights reserved. The KPMG name, logo and "cutting through complexity" are registered trademarks or trademarks of KPMG International. 

Liability limited by a scheme approved under Professional Standards Legislation. 

5.4. Wider Economic Impacts 
This section describes the WEIs of WestConnex, including the method of quantification for the economic 
appraisal.  WEIs include agglomeration economies and labour market deepening. 

Agglomeration economies arise from positive externalities related to improving connectivity between areas with 
high employment densities. Labour market deepening benefits arise from reduction in the costs of commuting 
encouraging more people to take up employment. 

The wider economic impacts (benefits) calculated for the appraisal are summarised in Table 5-13 in both 
discounted (present value) and undiscounted (total value) terms over the appraisal period.  

Table 5-13: Wider Economic Impacts of WestConnex – discounted and undiscounted  

Benefit Type 
WestConnex scenario 

Discounted  
(Present value) 

Undiscounted  
(Total value) 

Wider Economic Impacts  

Agglomeration economies (WB1) $1,681.5m $7,067.8m 
Labour market deepening (WB2) $452.7m $2,020.7m 

Source:  KPMG analysis 

Agglomeration economies are realised through increases in the effective density of employment. This occurs 
when improvements in transport network performance improve the ability of business to access other 
businesses. WestConnex improves the effective density of employment primarily in the areas around Balmain 
and Mascot (to the north of Sydney Airport), although marginal improvements in effective density are apparent 
in the surrounding area as well, including the CBD.  

Agglomeration economies are realised when areas with high employment density are subject to improvements 
in effective density. The bulk of agglomeration benefits come from the Sydney CBD, due to small 
improvements in effective density and high employment density, and to a lesser extent Mascot, due to larger 
changes in effective density and relatively lower employment density. 

Labour market deepening is realised through reductions in the generalised cost of commuting leading to more 
people electing to join the workforce. These benefits are greatest in areas with improved accessibility into 
Sydney CBD where the highest density of employment is located. 

5.4.1. Agglomeration economies (WB1) 
Agglomeration economies (impacts) are externalities derived from the spatial concentration of economic 
activity. Agglomeration economies arise from increased opportunities for input sharing (including labour market 
pooling), knowledge / technological spillovers and output sharing.  

For the purposes of this analysis, agglomeration impacts were calculated as the incremental change in the 
effective density metric (i.e. the mass of economic activity) across the modelled area, resulting from changes in 
the respective accessibility of firms and workers to each other.  The present values of agglomeration benefits 
were calculated in accordance with:  

• UK Department for Transport (2014) WebTAG methodology, TAG Unit A2.1, Wider Impacts, January  

• TfNSW (2015), Principles and Guidelines for Economic Appraisal of Transport Investment and Initiatives, 
March; and  

• Transport and Infrastructure Council (2014), National Guidelines for Transport System Management in 
Australia, December.   

 

 

 

 



Sensitive NSW Cabinet 

KPMG  |  41 

© 2015 KPMG, an Australian partnership and a member firm of the KPMG network of independent member firms affiliated with KPMG International Cooperative 
(“KPMG International”), a Swiss entity. All rights reserved. The KPMG name, logo and "cutting through complexity" are registered trademarks or trademarks of KPMG International. 

Liability limited by a scheme approved under Professional Standards Legislation. 

Conceptually, the agglomeration economies can be estimated as: 

WB1 = (Elasticity of productivity with respect to effective density) x (Change in the effective density of the 
area due to the project) x (Gross Output or Gross Value Added in the area). 

Algebraically, this takes the form of: 

WB1 =   ∑j  EIP j  x (EMP j  x Gross Outputj )   x (∆ED /ED ) 

where, 

EIP j  = Elasticity of productivity with respect to effective density (ED) on industry j,  
EMPj = work-place based employment in industry j, 
Gross Outputj = Gross Output per worker in industry j,   
ED  = effective density of employment, and  
∆ED = change in ED due to transport project. 

The analysis was undertaken at detailed WRTM zone level and then aggregated to a network wide level.  
Agglomeration elasticities are summarised in Table 5-14 and are consistent with those recommended by 
TfNSW. 

Table 5-14: Agglomeration elasticities by industry for Greater Sydney 

Industry by ANZSIC divisions 
Greater Sydney -  

Elasticity of Productivity 

A - Agriculture, Forestry and Fishing  0.047 

B - Mining  0.163 

C - Manufacturing  0.035 

D - Electricity, Gas and Water Supply  0.108 

E - Construction  0.051 

F - Wholesale Trade  0.034 

G - Retail Trade  0.003 

H- Accommodation, Cafes and Restaurants  -0.011 

I - Transport and Storage  0.044 

J - Communication Services  0.051 

K - Finance and Insurance  0.058 

L - Property and Business Services  0.057 

M - Government Administration and Defence  0.049 

N - Education  0.047 

O - Health and Community Services  0.029 

P -Cultural and Recreational Services  0.032 

Q - Personal and Other Services 0.007 

Overall 0.021 

Source:  TfNSW (2015), Principles and Guidelines for Economic Appraisal of Transport Investment and Initiatives, Table 
3.1, March 

5.4.2. Labour market deepening (WB2) 
In deciding whether to work, a worker weighs, among other factors, travel costs associated with the job against 
the wage received from the job. Accordingly, reductions in transport costs, can affect the incentives of 
individuals to work, and may contribute to workers working longer or encouraging the under-engaged and 
disengaged workforce into active employment. This results in an increase in overall labour supply in the 
economy. The increased labour supply benefit from transport infrastructure investment can be quantified by 
measuring the resultant increase in value added or gross domestic product (GDP) or gross state product (GSP) 
across the economy.  
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For the purposes of the economic appraisal, labour market deepening was estimated as the additional tax 
revenue resulting from more people choosing to work as a result of better accessibility to employment (lower 
after commuting cost wage), resulting from WestConnex.  

The calculation considers the additional tax revenue (incremental to the base case) from changes in labour 
supply, generalised cost (time) of trips, employment by region, average wages by statistical local area (SLA) and 
by industry, and the elasticity of labour supply to wages.  

The estimation of tax revenue (welfare impact) from increases in labour supply can be conceptualised as 
follows: 

WB2= (dGCcommuting) x ELSind,SA3 x LFSA3 x AGOind,SA3 x tax wedge 

Where, 

dGC = the change in average generalised cost of commuting 
ELS = labour supply elasticity  
LF = Labour force (by SA3 zones) 
AGOi = Average gross output per worker in industry  

The labour supply elasticity with respect to changes in generalise cost of commuting was assumed to be 5 per 
cent as recommended by TfNSW. 

  



Sensitive NSW Cabinet 

KPMG  |  43 

© 2015 KPMG, an Australian partnership and a member firm of the KPMG network of independent member firms affiliated with KPMG International Cooperative 
(“KPMG International”), a Swiss entity. All rights reserved. The KPMG name, logo and "cutting through complexity" are registered trademarks or trademarks of KPMG International. 

Liability limited by a scheme approved under Professional Standards Legislation. 

5.5. Summary of benefits 
Incremental benefits of WestConnex (relative to the base case) were assessed from 2019 (the opening year of 
Stages 1 and 2) to 2052 (30 years after the opening of Stage 3 in 2023).  The profile of benefits are summarised 
in Figure 5-1.  

The significant jump in benefits in the year 2023, is representative of the increased scale of benefits being 
‘unlocked’ by the opening of the M4-M5 tunnel link (Stage 3). At this point, motorists are able to fully benefit 
from improved traffic flows along the 33 kilometre WestConnex alignment, and on the surrounding Sydney 
network. 

Figure 5-1: Summary of benefits over time, WestConnex scenario, ($2015)  

 

Source:  KPMG analysis 

Of the total $24.3 billion in benefits attributable to WestConnex, conventional benefits account for 91 per cent 
and WEIs account for the remaining 9 per cent. 

Of the conventional benefits ($22.2 billion), travel time savings and vehicle operating cost savings account for 86 
per cent (58 per cent and 28 per cent respectively). Travel time reliability benefits, environmental externalities, 
greenhouse gas savings, crash savings and residual value of assets account for the remaining 14 per cent of 
conventional benefits. 
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6. Economic analysis findings 
This section outlines key findings of the analysis including economic performance indicators and sensitivities. 

6.1. Economic analysis results 
The results of the discounted cash flow analysis which comprises costs and benefits over the appraisal period 
are summarised in Table 6-1. Benefits and costs are discounted at a rate of 7 per cent.   

Table 6-1: Monetised costs and benefits of the WestConnex scenario 

  WestConnex scenario 

PROJECT COSTS   
1 Capital costs  
2 Operating costs  
3 TOTAL COSTS  
 PROJECT BENEFITS   
4 Reliability benefits 
Car Business $336.9m 
Car Commuter $285.5m 
Car Other $209.5m 
LCV $438.7m 
HCV $194.6m 
5 Vehicle operating cost benefits 
Car Business $1,570.6m 
Car Commuter $1,065.2m 
Car Other $620.8m 
LCV $1,163.6m 
HCV $1,761.6m 
6 Travel time savings 
Car Business15 $4,305.9m 
Car Commuter $1,687.6m 
Car Other $991.8m 
LCV $3,389.3m 
HCV $2,528.3m 
7 Other benefits 
Crash cost savings $11.3m 
Greenhouse gas emissions $831.9m 
Environmental externalities $63.1m 
Residual value of assets $748.9m 
8 TOTAL BENEFITS (WITHOUT WEIs) $22,204.9m 
9 WEIs 
WB1 $1,681.5m 
WB2 $452.7m 
10 TOTAL BENEFITS (WITH WEIs) $24,339.1m 
11 PROJECT KPIs (WITHOUT WEIs) 
NPV $8,657.9m 
BCR 1.71 
IRR 10.2% 
12 PROJECT KPIs (WITH WEIs) 
NPV $10,792.1m 
BCR 1.88 
IRR 11.4% 

Source:  KPMG analysis 

                                                      
15 This result is reflective of WRTM outputs, including ‘special generator’ zones, and the classification of business trip purposes for privately registered cars 
within WRTM. 
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6.1.1. WestConnex scenario 
WestConnex represents an economically viable project, as evidenced by a BCR of 1.71 (1.88 with WEIs), and a 
NPV of $8.7 billion ($10.8 billion with WEIs) in 2015 prices, discounted at 7 per cent. The cumulative benefits 
and costs of WestConnex Stage 3 are illustrated in Chart 8. 

Chart 8: Cumulative benefits and costs, WestConnex scenario  

 

Source: KPMG analysis  

Of the total $24.3 billion in benefits attributable to WestConnex, conventional benefits account for 91 per cent 
and WEIs account for the remaining 9 per cent. 

Of the conventional benefits ($22.2 billion), travel time savings and vehicle operating cost savings account for 86 
per cent (58 per cent and 28 per cent respectively). Travel time reliability benefits, environmental externalities, 
greenhouse gas savings, crash savings and residual value of assets account for the remaining 14 per cent of 
conventional benefits. The capital costs of WestConnex represents 90 per cent of costs for the project, with 
operating expenditure representing the remaining 10 per cent. 

It is important to note that the WestConnex capital cost estimates include $180 million in funding for urban 
renewal activities to be undertaken by Urban Growth NSW. These urban renewal activities have a number of 
potential benefits, including revitalisation of communities, new housing and employment choices, and improved 
active transport connectivity. 

These benefits were not quantified as part of the analysis and are not reflected in the economic performance 
indicators for WestConnex.  

In addition, the costs associated with WestConnex includes costs associated with off-ramps to facilitate the 
operation of the Western Harbour Tunnel. This expenditure will enable additional user and non-user benefits 
associated with the Western Harbour Tunnel and are excluded from the economic analysis for WestConnex 
Stage 3.  

The WestConnex scenario does not include costs or benefits for the Southern Extension. 

Redacted 
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6.2. Sensitivity analysis 
Sensitivity analysis was undertaken to assess the impact of changes in key assumptions on the conventional 
CBA findings (i.e. excluding WEIs). The analysis is based on four areas of uncertainty which could affect the 
economic viability of a project such as WestConnex, namely: 

• discount rates; 

• capital and operating expenditure; 

• extrapolation methods beyond the final modelled year; and 

• annualisation factor from daily to annual. 

The results of sensitivity analysis for WestConnex are outlined in Table 6-2. 

Table 6-2: Sensitivity analysis results, WestConnex  

Description PVC ($m) PVB ($m) NPV ($m) 
BCR BCR 

(without 
WEIs) (with WEIs) 

Central scenario $13,547.0m $22,204.9m $8,657.9m 1.7 1.9 

Discount rate 4 per cent $15,528.8m $40,197.3m $24,668.6m 2.9 3.1 

Discount rate 10 per cent $12,150.7m $13,187.8m $1,037.1m 1.1 1.2 

Costs (CAPEX & OPEX) increase by 30%    1.3 1.5 

Costs (CAPEX) increase by 10% $14,768.7m $22,279.7m $7,511.1m 1.6 1.7 

Benefits increase by 10% $13,547.0m $24,425.3m $10,878.3m 1.9 2.1 

Benefits decrease by 10% $13,547.0m $19,984.4m $6,437.4m 1.5 1.7 

Linear trend extrapolation of all benefits 
beyond 2031 using 2026 to 2031 trend 

$13,547.0m $25,965.9m $12,418.9m 2.0 2.2 

No growth in benefits beyond 2031 $13,547.0m $20,623.3m $7,076.3m 1.6 1.7 

Low annualisation factor (300) $13,547.0m $19,406.3m $5,859.3m 1.5 1.7 

High annualisation factor (365.25) $13,547.0m $23,464.2m $9,917.2m 1.8 2.0 

Source:  KPMG analysis 

Key findings of the sensitivity analysis are outlined below: 

• The WestConnex scheme remains economically viable against all sensitivity tests undertaken, with BCRs 
remaining above 1 in all cases.   

• The WestConnex scheme remains economically viable against significant cost increases of 30 per cent to 
both CAPEX and OPEX, reducing the BCR to 1.5 (with WEIs); 

• The worst outcome of the sensitivity tests undertaken was associated with an increase to the discount rate 
to 10 per cent which resulted in a BCR of 1.2 (with WEIs).  The likelihood of this discount rate being 
applicable is considered low given the current Australian Government Bond (10 year yield) rate is less 3 
percent. 
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Appendix 1- Consumer surplus theory 
This section provides an overview of the economic theory underpinning the calculation of transport benefits and 
the rationale for the use of the induced demand (matrix-based) approach.  

Consumer surplus is defined as the benefit which a consumer enjoys, in excess of the costs which he or she 
perceives. For instance, if a person is willing to undertake a journey of up to 30 minutes, but the actual travel 
time for the journey is only 25 minutes, then the traveller enjoys a surplus of five minutes. If a transport project 
reduces travel time to 15 minutes, then the increase in consumer surplus from the proposal is 10 minutes. 

The economic appraisal of transport users relies on the transport system equilibrium being correctly assessed 
by WRTM. At the equilibrium point, the numbers of trips T0 (demand) and system performance (supply) are in 
balance producing an average trip cost of C0. 

At this equilibrium point, there are benefits to the consumer over and above the actual trip costs. In other 
words, there is a difference between what they would be willing to pay and what they actually pay. This 
difference is the consumer surplus and is shown in the following charts. 

Appendix Chart 1: Supply/demand equilibrium showing consumer surplus  

 

A new transport scheme will reduce travel costs. This shifts the supply curve down (refer to Appendix Chart 2) 
and a new system equilibrium point is found where the demand is T1 and the supply cost is C1. The benefit to 
transport users is therefore the change in the consumer surplus, which is highlighted in blue.  
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Appendix Chart 2: Change in consumer surplus  

 

For small changes in costs, the demand curve can be considered to be linear. Therefore, the change in 
consumer surplus can be estimated by: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝐶𝐶𝐶𝐶 =  1
2
(𝑇𝑇0 + 𝑇𝑇1) ∙ (𝐶𝐶0 − 𝐶𝐶1) 

All benefits to transport users are calculated using the consumer surplus approach, including: 

• travel time savings; 

• vehicle operating cost savings; and  

• reliability benefits. 

Other benefits are calculated by measuring the absolute change in the costs between the base case and project 
case. 
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Appendix 2- Reliance on key inputs 
 

To inform the economic appraisal, KPMG relied upon the following key inputs provided by the WestConnex 
Delivery Authority and/or its advisors: 

Capital Costs 
The economic analysis relies on capital cost estimates developed by Rider Levett Bucknall Pty Ltd (RLB) and 
provided to KPMG by WDA on 9th September 2015. The information was provided in nominal (2015 dollar) 
terms. Supplementary Sydney Gateway CAPEX information was provided for this updated report by WDA on 
23rd  October 2015. 

Operating and Maintenance Costs  
The economic analysis relies on the information detailed in Rider Levett Bucknall Pty Ltd (2015) Operations, 
Maintenance and Life Cycle Costing Report (Design Development Stage) for WestConnex Combined (29 July 
2015) as provided to KPMG by WDA on 30th July 2015. The information was provided in real (2015 dollar) terms 
and included necessary recurrent costs to operate and maintain the asset over the evaluation period.  

Demand Analysis 
Demand analysis was undertaken by the WestConnex Delivery Authority and its advisors using the 
WestConnex Road Traffic Model - Version 2.1 (WRTM). The economic analysis relies on these traffic demand 
outputs as provided in two tranches: 

• WRTM outputs or Do Minimum, Stage 1 and Stage 2 – received 2nd June 2015 
• WRTM outputs for Stage 3 – received 24th June 2015 
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