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ANOTHER PERSPECTIVE ON LAND USE-TRANSPORT INTEGRATION MODELS: 
INTEGRATED DEMAND FORECASTING FOR HOUSEHOLD TRANSPORT, ENERGY, 
WATER AND WASTE 

This paper describes the development of an integrated energy, transport, water and waste (ETWW) 
demand estimation tool with detailed scenario forecasting abilities for residential precincts. As 
such it provides a new perspective on land use-transport modelling. The model outputs provide 
detailed estimations of household demands and resulting carbon impacts across the four 
infrastructure domains. Impacts of non-residential land uses including high-value industry, retail, 
commercial and open space are also considered and reported on. Estimation processes recognise 
commonalities that exist in data requirements across modelling domains with the use of a single 
input data repository to improve model efficiency and output accuracy. It further allows for study 
of the potential interactions between the domains at the household level (e.g. energy and 
transport). 

1. Introduction 

The interaction between urban Land Use and Transport systems (LUTI) has been recognised as critical 
issue for many years. Indeed, proper understanding of the processes of LUTI may be the key to 
achieving fully sustainable urban transport systems. The value of an integrated planning and modelling 
system is that the measures of transport performance are not exclusively addressed by travel time and 
traffic flows (as in most current economic analysis, see ITF 2017); rather the focus then turns to: 

• providing expanded travel choices, while reducing car dependency and the length of trips 
• reducing negative transport impacts on communities (environmental and social) 
• making it easier and safer for people to access services and facilities 
• locating activity centres across a region to enhance local access 
• facilitating housing diversity, local employment and amenity 
• providing for the efficient distribution of goods and services to businesses and the community, 

and 
• ensuring flexibility now and in the future to address changes in demand, in the economy and 

society. 

An integrated LUTI modelling system enables consideration of the trade-offs made by households and 
firms between structural and design aspects, amenity and accessibility when they decide where to 
locate. While household locations are connected to employment, education and other opportunities, 
they also depend on the position on the housing ladder and lifecycle stage. Businesses consider 
closeness to labour pools, other firms, and clients with whom they have connections. 

The conventional approach to LUTI modelling, widely discussed but rarely implemented, may then be 
summarised by the concept of a dynamic equilibrium between the transport and land use systems, as 
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discussed in Taylor (2017) and summarised in Figure 1 (for the case of a metropolitan area). Such a 
model system is intended for use at the strategic (macro) level, as for the case of the metropolitan 
travel demand models. 

 

 
Figure 1 LUTI modelling system for a metropolitan area 

In the present case we have adopted a different approach to LUTI. Rather than be concerned with a 
large regional area, the focus was on the ‘precinct’ level, for instance covering a specific development 
project. The spatial scale was thus at the level of one to several ‘traffic activity zones’. The strategic 
aim for the precinct was for low carbon development, and the precinct could be any of green field, 
brown field or grey field types. Forecasting requirements were for the infrastructure and services 
required for the precinct, especially the quartet of energy, transport, waste and water infrastructure 
domains (and hence known as ‘ETWW’). With low carbon objectives to the fore, the interactions 
between the precinct activities associated with the domains was important (e.g. trade-offs between 
transport and energy, and energy and water, etc). Demand forecasting for each domain is required to 
set the design parameters for the precinct, and it was anticipated that the input data requirements for 
the domains would have significant overlaps, if not some degree of commonality. Thus the potential 
was recognised to develop an integrated modelling system for the simultaneous estimation of demands 
for the ETWW domains. 

The main focus was on residential precincts, but the methods derived and the tools developed can be 
and are applied to other land use types as well. Given that one premise for low carbon residential 
development is for mixed use development, other land uses such a retail, commercial and education 
had to be considered in any event. 

The objectives for the model development were as follows: 

• develop enhanced methods for forecasting demand for transport, energy, water and waste 
infrastructure for residential precincts, 

• model interactions between the demands for the infrastructure, 
• develop modelling capability to investigate household behaviour change and its potential 

impacts, and 
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• provide insights into the costs and carbon emissions of alternative development scenarios for 
residential precincts.  

As a demand and carbon impact forecasting tool, the ETWW package is designed to meet the needs of 
planners for the assessment of sustainable urban precincts. Where possible the model has adopted 
established domain-specific models and procedures, and model users can estimate the carbon -impact 
of resident population changes, various household structure types, carbon-friendly technologies and 
climate change for precinct locations across Australia. In addition, the tool accounts for interactions 
with external infrastructure such as transport networks, off-site waste disposal, water supply locations 
and grid-based energy supply. 

Transport demands are estimated using the established modelling techniques developed for strategic 
planning purposes (Ortuzar and Willumsen, 2011). The approach allows for a connection between the 
precinct scenario definition and existing metropolitan strategic transport models (STM, e.g. as 
discussed in Holyoak et al, 2005) to estimate the impact of the precinct with new travel demands. 
Estimates of VKT and PKT by precinct users travelling for activities such as work, shopping and 
education are considered for multiple travel modes both within the precinct and to/from external urban 
locations. There is a point of difference in the way that the outputs of the STM are used. For transport 
planning applications the main outputs from the STM are link volumes (and perhaps average travel 
costs), which define the loads on the transport network and thus indicate the possible capacity and 
design specifications for the links. For precinct planning the required outputs are the travel activity 
associated with the precinct. This activity is found in the origin-destination matrices generated by the 
STM, in particular the activity for the ‘traffic activity zones’ (TAZ) contained in the precinct. These 
TAZ need to be explicitly identified, and may require minor reconfiguration of the zone system in the 
STM to ensure proper representation of the precinct. Otherwise, ETWW uses the established structure 
and configuration of the zones and networks in the existing STM. 

2. The ETWW demand forecasting tool 

The resulting forecasting tool developed for the integrated estimation of energy, transport, waste and 
water demands from land uses associated with a precinct developmentprovides a flexible, transparent 
and accessible model environment which is easily and readily applied. It contains automated processes 
based on current research and best practice that is accessible from other software and also extract and 
import data components from other software environments. It therefore provides a unique approach to 
precinct-level, mesoscopic scale demand estimation with estimates of ETWW demands and associated 
carbon impacts at both the household and precinct level with sensitivity to changes in response to 
population types, socioeconomic variables and household behaviour. Greater levels of output accuracy 
are achieved with integration of forecasting processes across each of the modelling domains, 
employing data feedback processes. Forecast scenarios have the ability to consider initiatives like solar 
energy generation and battery storage, water recycling and rainwater use, alternative transport energy 
sources and recycling and waste transport requirements. The process of forecasting precinct demands 
and carbon impacts within this modelling environment is indicated in Figure 2 with considerations for 
defining precinct variables, internal and external routines, data management and display environments 
and output summaries. 
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Figure 2 ETWW forecasting process for integrated energy, transport, waste and water 

demand and carbon estimation 

2.1 Precinct Scenario Definition 

Precinct scenario definition is the first step of the forecasting process, providing for the needs of key 
data repositories summarising all precinct zone attributes relevant to forecasting for residential land 
uses, non-residential land uses and scenario options. This initial stage relies on a Geographic 
Information System (GIS) to define spatial dimensions for key precinct elements including the 
physical size and geographic location of the study area in terms of latitude and longitude position. 
Information here assists in scoping the transport network requirement for internal connections within 
the precinct and mobility networks for external travel to the wider metropolitan region. The model also 
requires a defined a base year and forecast year and a forecast month which in turn, determines the 
forecast external transport demands. Figure 3 provides an example, the land use zoning configuration 
for the Tonsley precinct in metropolitan Adelaide, which is the case study precinct used in this paper. 
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Figure 3 GIS-based land use configuration for the Tonsley precinct in metropolitan Adelaide 

For all defined internal land-parcels or zones within the precinct, allocation for use (eg. residential, 
commercial) is required along with the general physical characteristics of the built environment such 
as footprint area and number of floors. From these definitions, estimates of activity levels (such as 
number of employees) and resident populations are made. Spatial arrangement of the precinct also 
includes the locations of internal and external transport provisions for both car and public transport 
modes including routes and stops for bus and rail modes. This provides a connection between localised 
travel with wider metropolitan networks, as typically represented in macro and meso-scopic scale 
STM. 

For precincts including residential development, the resident population type is input using the Mosaic 
typology definitions (Experian 2013). The Mosaic dataset is an important component in the ETWW 
forecasting routine as it provides the model and domain-specific routines with a means to classify 
household types. From the Mosaic perspective, it is possible to classify any Australian household into 
one of 49 unique segments existing under 13 overarching groups, as shown in Table 1. This Mosaic 
code allocation relates to detailed choice, preference and census-like demographic information through 
associated tables. For the ETWW project, it is therefore possible to utilise the Mosaic household 
classifications to allocate a precinct (either existing or planned) with household population types and 
support this typology with data to describe the household (i.e. information on income, residents, 
vehicles, bathrooms, bedrooms, etc).  

The ETWW model structure represents relationships that can potentially exist between the domains as 
interacting precinct demand forecast scenarios. It is possible to assess these in terms of their resultant 
carbon impact through the ETWW model as scenarios that specify technological/built environment 
and resident activity interaction types, for example when considering an electric vehicle use scenario. 
Forecasting of transport demands (recognising the use of electric vehicles) will provide an estimate the 
electrical energy required to charge the electric vehicle batteries. This provides an additional energy 
demand from the precinct household or from locally sourced electricity, which then be incorporated 
into the energy model with a supply possible from mains or solar produced power. Table 2 identifies a 
number of possible scenarios with domain interaction. 
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Table 1 Mosaic classification of household typologies 
Code 

ID Description 

 

Code 
ID Description 

 

Code 
ID Description 

A01 Suburban Elite E18 Moving Minerals I35 University Diversity 

A02 Successful Spending E19 Crops and Country J36 Paddock Views 

A03 Long term Luxury E20 Working the Land J37 Aussie Grit 

A04 Financially Savvy 
Families F21 Family Connections K38 Sensible Seniors 

B05 Educated Savers F22 New Bubs, New Burbs K39 Silver and Pearls 

B06 Maturing Assets F23 Regional Relations K40 Community 
Conservatives 

B07 Commuting 
Communities F24 Tykes and Takeaways K41 End of the Road 

B08 Multicultural Wealth G25 Backyard Pride K42 Constant Struggle 

B09 The Good Life G26 Out on the Edge L43 Pride and Perseverance 
C10 Stylish Pursuits G27 Suburban Backbone L44 Trucks and Tools 

C11 Inner City Aspirations G28 Local Focus L45 Laboring Lay-bys 

C12 Wireless and Wealthy G29 Spirited Solos L46 Simple Living 

C13 Professional Views H30 Cultural Fusion M47 Assisted Elders 
C14 Leased Lifestyles H31 Extended Ethnicities M48 Been Around The Bush 
D15 Coastal Contentment H32 Multicultural Mix M49 Armchair Blues 

D16 Ageing Gracefully I33 Education Generation   

E17 Greener Pastures I34 Roaring Twenties   

Table 2 Examples of domain interactions and scenario possibility 

Transport and Energy Electric vehicle ownership and use 
Water and Energy Hot water use 
Water and Energy Evaporative cooling 
Water and Energy Rainwater tank water use 
Waste and Water Wastewater 

All Domains Activities from home 
Water and Energy Water consumption 

Waste, Transport and Energy Recycling activity 
Water and Energy Water supply 

Waste and Transport Waste removal 
Within Energy Energy use 
Within Energy Solar panels 
Within Energy Battery storage 

All Domains Grid energy generation 

Forecasting routines can also provide a representation of the following technologies and attributes of 
precinct structure, both at the household and precinct scale: 

• Solar electricity generation, 
• Battery electricity storage, 
• Energy efficient household devices, 
• Grid-based energy supply of from renewable 

resources, 
• Household water capture and re-use, 
• Efficient water saving devices, 

• Alternative hot water systems, 
• Water-efficient outdoor areas (household and 

precinct), 
• Advanced recycling techniques and 

technologies, 
• Public transport and non-motorised network 

alternatives. 
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In terms of human behaviour, the forecasting approach provides a unique framework for representing 
individual and household interactions and the resulting effect on demand and carbon impact. Such 
cases of this can exist for example when members of a household demonstrate: 

• Increased recycling behaviour 
• Reduced waste production behaviour 
• Increased work-from-home behaviour 
• Increased shop-from-home behaviour 
• Reduced water consumption behaviour 
• Reduced energy use behaviour 
• Reduced transport demand behaviour 
• Mode shift behaviour. 

Behaviour change representations occur within the detailed modelling routines as described in 
Holyoak et al (2016). From the perspective of the transport domain, changes such as working and 
shopping from home, reduced transport demands and model shifts are all estimated with the use of 
strategic transport models, as discussed in later sections of this paper. 

2.2 Input Data Development 

Following the precinct scenario definition, input data is developed further to deliver finer precinct 
detail through the establishment of a descriptive data set recognising residential structures, non-
residential land uses and population types. Input data required by model components is compiled for 
all precinct forecast scenarios, as required by all of the forecasting domains. Some data may be 
specific to individual domains (such as the transport network configuration), with other core inputs 
(such as number of household residents) having multiple domain applications. Attention is paid to 
defining the household in detail with other inputs for non-household related land uses that are regarded 
as precinct structure elements such as green space and commercial land uses. Timing components 
including the forecast year/s, the season and forecast period (which may be a day or a peak period 
during the day) are defined. The residential household structures are defined according to physical 
attributes such as total floor space, number of bedrooms, appliances, vehicles owned and solar 
generation capacity. Populations residing within these are a selection from the 49 Mosaic household 
population typologies as noted previously resulting in the allocation of household resident numbers 
with detail on average number of adults and workers. 

Transport provisions are established around multimodal network configurations and operational 
characteristics. Internal road and public transport networks are defined with connections to external 
transport network supply as depicted for the Tonsley precinct example in Figure 4. Connecting 
precinct transport networks with wider networks is required for inclusion in an existing STM structure. 
Figure 5 illustrated this for the Tonsley precinct with the internal network shown in the Figure 4 
connected to the larger Adelaide metropolitan strategic network within the Metropolitan Adelaide 
Strategic Evaluation Model MASTEM. Here, all precinct zoning is represented with centroids and 
centroid connectors (grey), aligning with the STM operational requirements. 

Forecast non-household related land uses include as high-value industry, retail and commercial, with 
other elements including green space, road networks and street lighting, Data for non-residential land 
uses includes  and use employment type, total employees for the zone, student type and students, water 
capture possibility with roof water capture availability, solar capture possibility with roof solar capture 
availability. Other forecasting considerations stemming from the scenario definition include the 
forecast year and season, estimation time period, links to existing transport network, water supply, 
energy supply and waste disposal characteristics. 
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Figure 4 Transport network definitions for the Tonsley precinct 

 
Figure 5 Southern Adelaide section of MASTEM strategic network with Tonsley precinct 

addition circled. 
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2.3 Preliminary Modelling 

Once established, input data is manipulated by preliminary modelling routines to reformat data 
elements in preparation for the more detailed domain-specific forecasting routines. Establishing a set 
of common base input data for representation of household in terms of both the population and 
physical structure delivers a number of advantages in forecast development related to delivering a 
more effective and efficient modelling outcome with improvements to result accuracy.  

In application, the forecasting process refers to a single data repository for domain-specific estimation 
improving the efficiency for both model development and operation. Effective outcomes can be 
directly compared and interacted with confidence. Using a common set of input data also leads to the 
development of improved accuracy in estimation across all domains. 

Forecasting approaches are supported by databases such as Australian census data, household travel 
survey datasets containing revealed travel behaviour and preferences, operational and usage datasets 
held by providers such as Sydney Water, AGL, SA Water and waste collection agencies. Household 
monitoring data such as that available for the Lochiel Park precinct (Whaley et al, 2010) provides 
detailed energy, water, waste consumption and production information which is invaluable in the 
estimation of model parameters. 

2.4 Detailed Demand Modelling for All Domains 

Detailed domain-specific forecast routines deliver accurate household and precinct scale demand 
estimations for energy, transport, waste and water. In some cases mature and well-researched models 
are utilised in forecasting routines, while in other cases new approaches have been developed. A focus 
of all modelling is on the household with mesoscopic scale estimates, however other land uses and 
activities that exists within a precinct are recognised and accommodated so that mixed use 
development can be considered in the precinct planning scenarios. Resulting demand forecasts can 
account for the integrated impacts of solar energy generation and battery storage, smart-metering, 
alternative transport fuels including electric vehicles, strategies to encourage walking, cycling, public 
transport use, increased recycling behaviour and the transport of waste. Consideration can also be 
given to water sensitive urban design water saving devices and use of rainwater collection and 
greywater recycling, and extend to potential climate change scenarios and population changes in the 
precinct over time.  

Energy demand forecasting processes are combined with a battery solar optimisation model, 
developed from a machine learning (statistical) model application (Percy et al, 2015). Here, an 
adaptive boost regression tree algorithm was trained to generalise forecast processes to a known 
dataset. Estimation processes are disaggregated into 3 sub-models for low demand, standard demand 
and high with training datasets obtained from smart-meters (energy use profile), resident surveys 
(resident profile) and climatic information (temperature). The resulting demand estimate provides 
household level detailed daily profiles of solar and grid-based electricity demand with option for 
battery storage provision. 

As indicated previously, transport demands associated with the precinct are estimated, for each 
scenario, using the available STM for the region incorporating the precinct. Mode allocations to 
private and public transport, including many motorised and non-motorised modes are possible with 
demand estimation typically reflecting the non-motorised nature of localised travel (within the 
precinct) and use of private and public transport modes for longer trips. Inclusion of the precinct in the 
STM also allows for the influence of wider network operations and capacities, with precinct-level 
traffic interacting with large-scale traffic and congestion. It is possible to further isolate user groups 
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and vehicle types such as electric vehicles. Localised, mesoscopic scale demand outputs provide can 
be depicted on a thematic map to represent travel activity associated with the precinct and surrounding 
networks. Figure 6 provides an example of this from the Tonsley precinct, presenting the traffic 
volumes on the internal links where the blue lines represent road links with line width representing the 
volume of traffic on the link. 

 
Figure 6 Traffic volume flow bandwidths for Tonsley (with centroids) estimated in the STM 

Figure 6 shows the Tonsley internal network bounded on the left and right sides by major arterial road 
connections. Zone centroids are provided in red as a loading point for the land parcel allocated in the 
GIS map (Figure 3). This particular image represents the AM peak period of the day with generally 
higher volumes travelling on the left-hand side of the roads, out of the precinct and travelling toward 
the Adelaide CBD. 

Waste production forecasts are achieved from regression and factor analysis based forecasts, and 
provide estimations of daily household waste types including landfill (non-recycled), organic 
(recycled) and mixed recycling waste. An input-output modelling approach (Nakamura and Kondo, 
2002 and Holyoak et al, 2016) connects household purchases and consumption with waste generation 
for various household types, utilising resident surveys and waste type and weight surveys to establish 
household waste profiles. Transportation of waste materials to recycling, composting and landfill site 
locations is also included in the definition of the waste domain contribution to precinct demands. 

Water demand forecasting uses a multivariate statistical model application with three linear mixed 
models developed to estimate water demand, rainwater contribution and hot water demand (Holyoak 
et al, 2016). Models have been estimated using historical panel data for mains water, rainwater and hot 
water use in addition to monthly climatic data along with resident and household characteristics 
derived from surveys. Resulting demand estimates provide household level mains water, hot water, 
and rainwater demand profiles and relating water demand to energy use.   
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2.5 Demand Estimation Feedback 

Demand estimations identified to exert influence on each other are very much dependent on the 
scenario parameters and applied through the application of information feedback routines. Feedback of 
the preliminary demand estimates from the ETWW domain-specific modelling processes is an 
important and significant component of this modelling process. Iteration routines between the collated 
data allow for domain-level demand interactions at household and mesoscopic scales to exert their 
influence the forecasting process. Re-estimations of domain forecasts account for the influence of 
other domains on consumption and production profiles to reflect scenario definitions.  

Revised demand profiles then introduce the need for feedback of preliminary demand model output 
and re-estimation using input data supplied by the feedback routine. As an example, in the case of 
introduced electric vehicle use, energy requirements will transfer from a conventional (ie. fossil fuel 
based) source to electricity sourced from the household. This additional electrical energy requirement 
from the precinct can then be incorporated into the energy demand model with supply of this energy 
possible from mains or solar produced power. Revised demand profiles then bring about the need for 
model re-estimations, with updates of modelling inputs supplied by the feedback routine. 

2.6 Carbon Impacts 

Once demand estimations are finalised with account for any necessary feedback and iterations, carbon 
production estimates are produced for each domain and for all precinct zone locations. Expressed as 
kilograms of carbon dioxide equivalent (CO2e) this is reported for each demand domain and for each 
sub-zone location within the precinct.  

Energy and water domains relate their demand to the amount of grid-based energy supply required to 
provide for this. In doing so, ‘Scope 2’ emission factors (Department of Environment and Energy, 
2017) are applied, as the state-based emission factors from on-grid electricity generation calculated 
systematically from the physical characteristics of the electricity grid. Scope 2 emissions are 
physically produced by the burning of fuels (coal, natural gas, etc) at the power station as presented in 
Table 3. 
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Table 3  Indirect (scope 2) emission factors for consumption of purchased electricity or loss 
of electricity from the grid (Department of Environment and Energy, 2017) 

State, Territory or Region Emission factor 
(kg CO2-e/kWh) 

New South Wales and Australian Capital Territory 0.83 
Victoria 1.08 
Queensland 0.79 
South Australia 0.49 
South West Interconnected System (SWIS) in 
Western Australia 

0.7 

North Western Interconnected System (NWIS) in 
Western Australia 

0.62 

Darwin Katherine Interconnected System (DKIS) in 
the Northern Territory 

0.59 

Tasmania 0.14 
Northern Territory 0.64 

Waste domain CO2-e is estimated for the decomposition of landfill, composting of bio-degradable 
material and electrical energy required for processing of recyclables. For the recycling process, Scope 
2 emission factors are once again applied to energy sourced from the grid.  

Daily and peak-period travel demand estimates for travel are utilised within detailed CO2-e estimation 
routines involving the development of generic emission rates for vehicle traffic loads that are highly 
applicable to Australian conditions (Iankov, 2016) and align with mesoscopic scale demand 
estimations. Current and forecast year transport emission rate estimates are based on vehicle type 
market shares and provided as tank to wheel rates for various vehicle classes and for various periods. 
The final results illustrate greenhouse gas emission rates as presented in Figure 7. Results demonstrate 
a relative level of certainty with overall confidence between 20 and 25 g CO2e/vkt or about 10-15% of 
the magnitudes of the emission rates, with no interaction effect. A moderate improvement of fuel 
efficiency is achieved over the entire period as Figure 7 illustrates the influence of vehicle size and 
year of manufacture on emission rate. 

 

 
Figure 7 Tank-to-wheel greenhouse gas emission rates for traffic (Iankov, 2016) 
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Earlier knowledge about emission rates is refined and extended by providing alternative emission rates 
that allow forecasts of transport greenhouse gas emissions and provide for comprehensive analysis of 
scenarios in more efficient ways than current practice. The emission rates are user friendly and allow 
important sensitivity analysis for transport planners who assist local authorities. Market competition 
can lead to moderate improvement of fuel efficiency of the light vehicle fleet for forecast years. 

2.7 Spatial presentation of results within Geographic Information System (GIS) 

Once the modelling process is complete, a range of outputs are possible representing both demands 
and carbon impacts associated with each of the ETWW domains. As preliminary modelling processes 
have associated spatial components to input data, the model maintains these associations and allow a 
spatial connection to output data types. It is therefore a useful exercise to deliver outputs through the 
GIS environment and thematic maps and the like as a visual representation of the forecast results. 

Results at this localised, precinct scale can relate the output types to land uses and the zoning structure 
defined in the scenario definition stage of the forecasting process. As an example if a GIS output 
interpretation, Figure 8 illustrates the carbon impact of a future year forecast scenario at the Tonsley 
precinct. Each land use zone presents a total daily carbon production in kg of CO2e for a thematic map 
with the residential component highlighted. 

 
Figure 8 Carbon impact of a forecast scenario at the Tonsley precinct 

If the transport domain only is considered for the residential land uses, a GIS interpretation of the 
carbon impacts such as in Figure 9 is possible for this subsection of the precinct. Here the total 
transport related daily CO2e per household is illustrated for a future year scenario. 

Figure 9 presents Mosaic codes (see Table 1) associated with them representing typical household 
population types for each of the residential land use zones. Transport demands and emissions in this 
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scenario case represent total daily travel within the precinct external to the precinct, including 
congestion effects as estimated in the STM. 

 
Figure 9 Carbon impact a forecast scenario at the Tonsley precinct for the daily transport 

domain only, with Mosaic codes included 

3. Discussion and conclusions 

This paper introduces an alternative approach to modelling land use and transport at the meso level, 
through the use of a multi-domain demand forecasting tool (ETWW). This tool provides a method for 
simultaneous estimation of demands for infrastructure and services at the precinct level, and includes 
the facility for consideration of the effects on the demands of interactions between the different 
domains, at the household (or enterprise) level. 

Estimation of the demand of an urban precinct, related to energy, transport, waste and water (ETWW), 
is a necessary step toward the delivery of quality, sustainable living environments. A forecasting 
model that concurrently links demand in all four aforementioned infrastructure domains and estimates 
carbon emissions can assist planning agencies, infrastructure providers, operators and private 
developers to deliver low-carbon urban precincts in the future. Integration of modelling methodologies 
delivers improved ability, accuracy and flexibility when compared to typical forecasting approaches. 
Importantly, it also allows study of the household behavioural interactions between the infrastructure 
domains. Model forecasts are demonstrated through a case-study application for the Tonsley precinct 
development in South Australia. Studied scenarios incorporate proposed Masterplan documentation 
for the site with population type estimations and inclusions for electric vehicle adoption, water supply 
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alternatives and behaviour change such as increased work-from-home activity. Interpretation of input 
datasets and output results is assisted with the use of GIS to represent this information spatially. 
Through this case study the model demonstrates its ability to investigate ‘what-if’ type scenarios, 
important to policymaking and planning for future urban development. The user is ultimately able to 
explore combinations to achieve a low-carbon precinct development. 
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