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Executive Summary

The Precinct Carbon Assessment (PCA) Tool was
developed at the University of South Australia as part of
the Integrated Carbon Metrics Project (RP2007). The
main focus of the PCA tool is to examine the whole life
cycle of carbon emissions (Scope 1, 2 and 3) on the
precinct scale and to calculate different low carbon
scenarios, including travel modes and renewable energy
systems, for precincts and precinct development

projects.

The PCA tool:

i) assesses predicted and operational carbon
performance;

i)  offers three levels of precinct carbon modelling, i.e.
the building level, the product level and the material
level;

iii) quantitatively evaluates low carbon scenarios to
inform ‘Business as Usual’ types of development;

iv)  supports planners, designers, ESD consultants and
government agencies for more effective planning
and mitigation; and

v) operate across states, urban settings, and the
development project life cycle.

The PCA tool is not bound by data sources. It allows
users to adjust precinct morphological settings, building
types, travelling modes, renewable system options, and
the carbon intensity data of precinct objects for
conducting quantitative analysis and finding the optimal
solutions.

A web version of the PCA tool, i.e. the PCA-‘Light’, can
be accessed at: https://precinculators.info/. It supports
‘Basic’ assessment and reporting functions. The tool
also has a Matlab version, i.e. the PCA-‘Full’, that is
accessible via Remote Desktop Connection. This full
version provides advanced modelling and scenario
assessment functions and is compliant with the “NCOS
Standard for Precincts”
(http://www.environment.gov.au/climate-
change/government/carbon-neutral/ncos). Both versions
of the PCA tool have been reviewed and tested for
further industry utilisation.

The PCA tool can be applied to Greenfield- or Greyfield-
type development for Residential, Commercial or Mixed-
use precincts. The spatial scales in modelling and
assessments include Street, Neighbourhood,
Subdivision and Suburb, as well as CBD. It can support
assessment of the potential for realising carbon
neutrality for new precinct developments and
refurbishments.
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Introduction

From a systems perspective, ‘City’ and ‘Precinct’ are two
dominant and complex urban built forms, at the macro-
and the meso-scales respectively, representing
embodiment of land, constructed facilities, transport, and
physical and social infrastructures. These infrastructures
support production and consumption activities in relation
to particular social, economic, environmental and
technological contexts. A city can be regarded as a
‘system of systems’ consisting of a cluster of different
precincts interconnected with transport and essential
service networks. Often referred to as ‘neighbourhoods’
or ‘districts’, precincts represent parts of an urban area
that have defined geographical boundaries and serve
certain functional or planning purpose(s). They can
accommodate multiple uses such as residential,
commercial, educational, health, administrative or their
combinations (Huang et al. 2017a). They involve spatial,
physical and functional interplays of landscape, zonings,
buildings, infrastructures (energy, transport, water and
waste), as well as occupants. A precinct can be treated
as a single entity for specific analyses, planning and
urban design, as well as recognising its interactions with
surrounding urban features and fabrics and the
sustainability implications thus incurred.

Based on such notions, ‘Precinct’ is an appropriate
‘spatial lens’ for developing low carbon urban forms. It
enables urban planners and decision makers to examine
and manage carbon signatures of urban settings in
accordance with planning purposes at different scales
and/or spatial levels. This requires keeping track of not
only direct emission reductions instigated by one
product, process, technology or activity, but also
capturing all indirect changes in emissions instigated by
the original change (Ness and Xing, 2017). Therefore, a
major challenge is how life-cycle energy and carbon
signatures of the fabric and metabolism of different
urban forms are defined methodologically, quantitatively
assessed, and effectively implemented in planning
policies, guidelines and regulations for achieving and
sustaining low-carbon outcomes. Although there are
over ten precinct design and assessment tools currently
in use, they are largely sustainability or Triple-bottom
Line (TBL) focused and fall short in providing a detailed
assessment of life-cycle carbon (both operational and
embodied) and scenario investigation at the precinct
level to inform planning and design changes (Newton et
al., 2013).

To this end, a quantitative modelling and analysis
instrument for carbon accounting is needed for
interrogating and assessing the whole-of-life carbon
emissions of built forms at city and precinct scale. It is
essential that such a tool maps out full carbon profiles,
identifies the carbon ‘hot-spots’, and analyses potential

pathways for transitions to Ilow-carbon urban
development.

Modelling Method

Precinct Carbon Assessment (PCA) is a carbon
modelling and analytics tool developed as part of the
Integrated Carbon Metrics (ICM) Project (RP2007) to
examine the whole life cycle of carbon of the urban built
environment at a precinct scale. It aims to:

e provide both highly aggregated as well as more
detailed assessments of the operational and
embodied carbon of precinct objects (residential
buildings, commercial buildings, and infrastructure),
building appliances, transport vehicles, and discrete
energy generation via solar PVs and storage units;

e identify and quantify the effects of occupancy and
morphological factors on precinct carbon profile;

e be capable of assessing the offset potential of
climate rendering and green energy systems at the
precinct scale; and

e support the analysis of different precinct types and
urban development scenarios.

With such functionality, PCA offers the capability to
assess different low carbon development options,
including alternative travel modes and renewable energy
systems. Figure 1 presents a schematic view of the
functional features of the PCA.
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Figure1 A Schematic Representation of the PCA Functions
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The PCA tool supports precinct carbon modelling at the
building level, the product level, and the material level.
Modelling can range from rapid assessments using
highly aggregated data and standard/typical precinct
object types (provided by the built-in database) to more
detailed analysis using refined data and user-defined
precinct object types.

PCA performs flexible customized multi-scale
assessments of precinct carbon performance. Such
features can accommodate the needs of those users
having different technical competence, resources and
objectives. To support the requirements of different
assessment scenarios, the input parameters are
structured for three levels of modelling as shown in
Figure 2.
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Figure2 Levels of Modelling and Input Requirements
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Level 1 is designed to suit urban planners and
government agencies. It predominantly focuses on
early stage planning at a macro level. Therefore, highly
aggregated data on energy/carbon intensity per square
meter of each object type is used as the primary input
for assessment.

Level 2 modelling is intended for the building and
construction phase and associated practitioners. It aims
to improve the carbon performance by
material/components selection and optimal scheduling
of operations for precinct objects. Hence, the data on
MJ or tCOz2-e per square meter used in the modelling is
built up from the product level, including detailed
volumetric data of materials used, energy/carbon
intensity of each material/product type, as well as units
of use and the operating schedule of each appliance
type (built-in and plug-in).

For the Level 3 modelling, more detailed information
about precinct object designs and travel mode selection
is required as input data to support the examination of

Inputs for Level 3
assessment

Levels of system Inputs

Level 1 — general assessment
Level 2 — accurate assessment

Level 3 — accurate assessment
; Tor precinct optimal (rejdevelopment

overall carbon performance from the perspective of
design and development.

Carbon Assessment Features

The precinct-scale carbon assessment is underpinned
by an integrated model that consists of three key
phases as shown in Figure 3.
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Figure3 System Framework for Carbon Evaluation of Urban Precincts
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At Phase 1, carbon intensities for embodied,
operational and transport-related emissions are
identified. The embodied carbon intensity of each
precinct object type is determined by the life-cycle
carbon intensities of main construction materials, the
amount of each material required for construction,
replacement and waste ratios of building components,
as well as the carbon embodied in construction
activities (e.g. material and equipment transportation,
equipment use, onsite assembly, etc.). The recurrent
embodied carbon is measured as the replacement
ratios of major building components over the lifespan of
precinct objects. As for operational carbon, operational
energy intensities of precinct objects are firstly
assessed and then emission factors (with the unit of kg
CO2-e/MJ) determined by local energy production are
used to convert into operational carbon intensities.
Transport-related carbon intensities are calculated from
the fuel consumption considering multiple fuel types,
measured as kg CO2-e/km/passenger.

Phase 2 is designed for the evaluation of precinct
baseline emissions associated with buildings, vehicles,
as well as infrastructure services including energy,
water and waste. In this stage, parameters inter-linked
with the environment, local climate, and occupant life-
style preference (e.g. total floor area of each building
type, schedule of appliances, travelling frequency and
distance, etc.) are identified to support the calculation of
precinct baseline emissions, together with the carbon
offsetting contributed by renewable energy units.

Phase 3 improves the accuracy of precinct carbon
evaluation. At this stage, precinct baseline emissions
are moderated by morphological factors reflecting the
ambient surrounding natural and built environment. The
occupants’ life-style preferences are considered and
integrated into the baseline carbon measurement by
affecting operating hours of appliances, maintenance
and refurbishment cycles of precinct objects and
transport mode selections. The impacts of actual
precinct morphology or master plan of an urban

AL LOW CARBON LIVING
A re

Report Template 10



precinct are analysed to define characteristic factors
such as urban density and solar potential. Finally, these
factors are modified iteratively in order to improve the
overall carbon profile of the precinct.

Input Requirements and Performance
Metrics

To satisfy the requirements of different assessment
types, the input parameters and data types are
summarised in Table 1.

Table 1 Description of PCA Input Data

Parameter Description

Precinct attributes location (latitude & longitude, degrees), time meridian, local albedo, precinct land size,
population size and number of households

Demographic attributes age groups, employment types (e.g. employed full-time, part-time , casual ...), income levels
and household sizes (e.g. one-person family, two-person family, etc)

Land use building types and numbers (e.g. detached house, semi-detached townhouse ... of dwellings,
public buildings such as offices, schools, retails, medical buildings ...), infrastructure types and
units (e.g. area of driveways, length of pipeline, area of garden & green space, water, gas and
power plants ...), floor area and occupied land size of each building and infrastructure type

Precinct morphology dimensions and orientations of buildings, total area of land used for building and infrastructure
construction, population density (person per hectare), dimensions of construction site

Embodied intensity data per square meter embodied energy and carbon of each building type (or per square meter
material use of each building type, lifespan of each building component, recurrent/maintenance
cycle, percentages of raw and reuse materials used in the manufacturing of building
component)

Operational intensity data hourly per square meter energy load for heating, cooling, ventilation and lighting based on
standard occupancy assumptions, occupancy and hourly energy consumption of appliances
(e.g. white goods, computers, TVs ...), temperature setting of indoor environment, infiltration
and air change (max and min) of ventilation, people load, operation schedule of appliances
(weeks per year, days per week and hours per day), annual consumption of different energy

types

Travel intensity data Transport mode types (e.g. bus, tram, train, car), fuel type, engine size and built year of each
vehicle, travel frequency, average travel distance per trip, travel diary of residents, annual
transport energy consumption and carbon emissions

Water and waste daily household water and hot water consumption, daily household waste generation
(recyclable and non-recyclable), non-residential building water use and waste generation, non-
residential building occupancy (m? per capita)

Renewable energy generation installation of PV systems (number and kWp), grid energy loss in electricity uploading (%), PV
panel type (including panel efficiency, per square meter embodied energy and carbon of
panels, lifespan of panels), battery storage systems (including installed amount, size of battery
bank in kWh, per kWh embodied energy and carbon intensities of batteries), number of solar
water heaters installed, efficiency of solar water heaters, annual solar energy harvesting (kWh)
or cost saving (AS$).

To support scenario analysis and decision making, the «  Operational Energy: Buildings (Residential and
main precinct performance indicators include: Commercial), Appliances, Infrastructures
(Transport, Energy, Water, and Waste);

“J) LOW CARBON LIVING feper e
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» Initial and Recurrent Embodied Energy: Buildings
(Residential and  Commercial),  Appliances,
Infrastructures (Transport, Energy, Water, and
Waste) and Vehicles;

« Transport Energy: Vehicle Use (Commute and
Lifestyle); and

. Renewables: Solar PV, Solar Hot Water

Based on local power mix and fuel types, these
indicators are converted from energy (MJ) to the carbon
metrics as detailed in Table 2. Furthermore, life-cycle
Cost (in dollar value), Cost-Carbon Intensity (in dollar
per tCOze) and Payback Period (in years) can also be
incorporated for analysis and decision making.

Table 2 Carbon Metrics for PCA Output Measures

Carbon Metrics

Life Cycle

Annual

Total Carbon

For the whole precinct

tCO2-e

tCO2-e per annum

For object/ building types

tCO2-e per object type

tCO2-e per type object
per annum

For occupancy

tCO2-e per capita, tCO2-e
per household

tCO2-e per capita per
annum, tCO2-e per
household per annum

Embodied Carbon

For the whole precinct

tCO2-e

tCO2-e per annum

For object/ building types

tCO2-e per object type

tCO2-e per object type
per annum

For occupancy

tCO2-e per capita, tCO2-e
per household

tCO2-e per capita per
annum, tCO2-e per
household per annum

Operational Carbon

For the whole precinct

tCO2-e

tCO2-e per annum

For object/ building types

tCO2-e per object type

tCO2-e per object type
per annum

For occupancy

tCO2-e per capita, tCO2-e
per household

tCO2-e per capita per
annum, tCO2-e per
household per annum

Transport Carbon

For the whole precinct

tCO2-e

tCO2-e per annum

For object/ building types

tCO2-e per vehicle type

tCO2-e per vehicle type
per annum

For occupancy

tCO2-e per capita, tCO2-e
per household

tCO2-e per capita per
annum, tCO2-e per
household per annum

Carbon Offsets

For the whole precinct

tCO2-e

tCO2-e per annum

For occupancy

tCO2-e per capita, tCO2-e
per household

tCO2-e per capita per
annum, tCO2-e per
household per annum
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More detailed information about the precinct carbon
model and the assessment methods can be found in
(Huang et al., 2017a; Huang et al., 2017b).

Versions and Features of the PCA
Software Tool

While initially developed in forms of an Excel
spreadsheet tool, this PCA tool is currently
implemented in two versions, i.e. a web-based ‘Light’
version that provide a quick and precinct-objects level
evaluations (at Level 1), with limited modelling and
scenario analysis functions; and a custom software as
the ‘Full’ version, operating in the MatLab environment
with Graphical User Interfaces for inputs and outputs
that can support detailed modelling and scenario
analysis (at Level 2 and Level 3).

The PCA-‘Light’ version: a web-based online
tool

The PCA-‘Light’ is a web-based online tool, built on the
Internet Explorer (IE) frame and developed in Python. It
supports concurrent accesses and simulations by
multiple users. Currently, it is hosted on the AMAZON
Cloud and accessed via the URL
www.precinculators.info. The log in is controlled by
User ID and PIN, which are assigned and authorised by
the tool administrator upon receiving the request from
an end user.

As this ‘Light' version is web-based and the
computation is performed on a Cloud sever, there is no
special demand on operating environment on local
devices. The minimum requirement for tool access and
use is to have an internet-connected computer with IE,
or any other type (e.g. Google Chrome, Firefox)
Explorer, installed.

Upon log in, the user can open an existing project or
create a new project and to perform modelling and
assessment (Figure 4).

AL LOW CARBON LIVING
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Fig

ure4 Operational Features of the PCA-‘Light’
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This ‘Light PCA tool consists of the following six
function modules for users to define and analysis a
precinct project:

General Settings — to setup simulation parameters,
as well as to load local climate and LCI databases.

Precinct Information — for the input of precinct
generic information, demographic profiles, land use
profiles and precinct morphology

Requirement Factors — to calculate water and
waste related energy, carbon and cost, as well
energy to carbon and cost factors.

a

Offsetting

Masdule 3

Requirement
Factors

Frse wml s

Masduie &

Simulation
Reporting

Element Investigators — for intensities input and
editing, as well as energy, carbon and cost
calculation (including embodied, operational and
travelling).

Carbon Offsetting — for the assessment of energy
harvesting and offsetting contributed by solar PV
and solar water heaters, as well as the payback
and offsetting period.

Simulation and Reporting — to perform data
integration, overall assessment and generating a
report on assessment results in numbers, tables
and charts according to the selection of precinct
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objects (building and infrastructure types) and
elements (embodied, operational and travelling).

The simulation with the ‘Light’ version is based on the
overall energy, carbon and cost intensities of precinct
objects (buildings and infrastructure). Thus, a life-cycle
intensity (LCI) database has been developed to support
the assessment. However, end-users can also edit the
database or customise their own LCIl database. As
shown in Figure 5, the graphic interface is developed
for the PCA-‘Light' version, which provides simple
operational functions for input of data or upload of
databases to initial. Instructions and terms are provided
to indicate the type of input and output parameters.

Figure5 Input Interface of the PCA-‘Light’

General Settings

Load Weather data Simulation Type Selsction

Chocps File | o e chown Lopicud # R smieimans with ool s

Click to setup Module 1:

o daba by O kg

EED

After the simulation is completed, results are generated
and presented in both numerical and graphical forms,
as illustrated in Figure 6. The output is produced as a
PDF report with combined results of each module,
which can be printed out, downloaded to a local
computer or saved on the Cloud server in the project
folder under the user’s account. The tool will also send
a copy of the report to the user's registered e-mail
address.

R
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Figure6 Output of Simulation Results from the PCA-‘Light’
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I etached house 56.71%

I Sermi-detached townhouse 15.92%

N Teraced apariment 4.78%

I Otos buiding (jperson occupied) 1.24%

[ Heathcare buiding (person occupied) 1.44%

[ Retail buiding (iperson occupied) 9.59%
School buikting /person occuped) 1.26%

N Avea of driveway 6.26%

[ Avea of roads  2.43%

[ Aven of foctpatn 0.25%

] Avea of gaspiant. 0.00%

[ Avea of waterplant 0.00%

[ Avea of powerpiant 0.00%

[ Gardens & greenfields._0.07%

A ‘User Guide’ is prepared for detailed step-by-step
instructions on operating the PCA-'Light tool and
presented in Appendix 1.

The PCA-‘Full’ version: a Matlab-based
online tool

In comparison with the web-based PCA-‘Light’, the
Matlab-based ‘Full’ version, i.e. the PCA-‘Full’, provides
detailed and advanced modelling and simulation
capability to support scenario analysis and optimisation
in precinct design. Whilst the ‘Full’ version is also built
on energy, carbon and cost intensities, end-users can
“customise” their own intensities by building up data
with material intensities and usage in construction.
Hence, it can support simulations with higher
resolutions. In addition, integrated with machine leaning
and data mining, this expert system can “recommend”
intensity data to support assessment. Thus, the full
version is more independent of large body data input
compared to the ‘Light’ version.

As the ‘Full’ version is Matlab-based, the minimum
system requirement for its operation is 4G RAM to run
the Matlab software, which needs to be pre-installed
and compatible to the OS. For the ease of access and
use by end users, presently the PCA-‘Full’ is hosted
both in a physical server located at University of South
Australia and on the AMAZON Cloud. Users can access
and operate the tool through ‘Remote Desktop
Connection’ with no specified requirement on their local

- N wo
>

Energy Consumption(GY)
o

Precinct Building Energy

W Oetoched house 2905231,68

I Sormi-detached ownhouse 815525 31

I Terraced apariment. 244899.01

I Offce bukding (iperson oocupied) 6367284
I Heathcare bubding (/person occupied)  73940.88
I Rotail building (iperson occupied) 491449.14
I Schoci buiding (/person ocoupied)  B4744.68
I e of dveway 32158624

I Avea of roads 124719.48

[ Aves of foctpath  13021.58

B Avea of gaspiant. 11000

[ Acea of waterplant ~ 220.00

[ Acea of powerplant  110.00

[ Gardens & gresnfields _ 3621.10

12345678910M234

recinct Buildings

computers. However, this does not support concurrent
accesses by multiple users.

The PCA-Full’ is operated with the Matlab Graphical
User Interfaces (GUI) for inputs and outputs. Upon log
in, users can select to open an existing project or create
a new project, as well as to choose the level of
modelling desired, i.e. Basic Assessment or Advanced
Assessment.
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Figure7 Input Interface of the PCA-‘Full’ Version
FY P

File § Precinct Profiles § Energy Production §| Living Requirements | §| Objects Investigation

Simulation & Reporting E

Precinct overview =

Residents profiles

Land use profiles ¥ D
Precinct morphology
", . Precinct Name Lot Fourteen
~
G
= Latitude [deg] 349
Longitude [deg] 1385
-
" Time Meridian [deg] 1425
Local Albedo 0.2
Precinct Landsize [m2] 36916
Precinct Populationgize 9973
Number of Households 4217

* Simulation setting
* Load databases

* Open a project

* Creat a project

* Save a project

* Print results

Save & Continue

The PCA-'Full’ provides six main function modules,
each with a drop-down menu to provide detailed
modelling and assessment functions, as shown in
Figure 7. Help documents and terms are provided
within each module to indicate the type of input and
output parameters.

e File — to provide file management functions,
including simulation setting, local climate and LCI
databases loading, open / create / save a project,
as well as print simulation results.

e  Precinct Profiles — for the input of precinct general
information, as well as the descriptions of precinct
demography, land use, objects types and
morphology.

e FEnergy Production — to select/specify energy to
carbon and cost factors, to describe conventional
energy production profiles, to calculate solar
energy harvesting and associated carbon
offsetting, as well as to identify the payback and
offsetting periods of PVs, solar water heaters and
battery storage systems.

e Living Requirements — to select/define water and
waste processing related energy consuming,
carbon emission and cost expenditure, as well as
to setup the indoor environment of buildings.

e Objects Investigation — to build up intensities, as
well as to calculate the embodied, operational and
travelling energy, carbon and costs. Data mining
and machine learning are integrated to recommend
qualified intensities, and results presented with
tables, graphs and charts.

* Run simulation & reporting: NCOS format
reporting, or cunstom reporting - user select

reporting elements, graphic output ...

: * Embodied: intensities, results, charts ...
?_ - k * Operational: intensities, results, charts ...

including built-in & plug-in apps
* Travelling: intensities, results, charts ...
considering diverse traffic modes

Water & waste related energy, carbon
"C ort setting: tempratures, ventilations
* Indoor environment setting (to be developed)

* Energy to carbon / cost convesions

* Conventional energy production profiles

* Local solar energy potential, solar path

* Energy harvesting, carbon offset, cost saving ...

* Precinct overview: location, landsize ...

* Residents profiles: demorgraphical factors ...

* Landuse profiles: objects types & land use ...

* Precinct morphology: layout, identification of
inter-building effects ...

User Guide

e Simulation & Reporting — to present results with
two formats, i.e. ‘NCOS Reporting’ and ‘Custom
Reporting’. Qualified intensity data can be collected
and inserted into the LCI database, which then can
support the “evolution” of the tool.

For the output of simulation, the ‘Custom Reporting’
option is to assist planning and design decision making.
Like the reporting in the PCA-'Light version, this
reporting feature in the ‘Full’ version supports real time
presenting of results with tables, graphs and charts
according to precinct objects (building and
infrastructure  types) and elements (embodied,
operational and travelling). As shown in Figure 8, this
reporting option allows users to select ‘As built’, ‘As
demand’ or ‘Mixed’ object types to support the
simulations with different precinct contexts. Also, users
can select one or multiple precinct object types with
specified data types to review the results. The data can
be reported in terms of Embodied Carbon, Operational
Carbon (in tons of CO2 equivalent and in percentage),
and Total Carbon. Users can also choose the option to
show the results in Energy or Cost measurements.
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Figure8 ‘NCOS Reporting’ Features of the PCA-'Full’ Version
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Unlike the PCA-'Light’, in this ‘Full’ version users can
also choose the option of ‘NCOS Reporting’ to meet
requirements of reporting and standard compliance.
This report has the assessment results presented in
carbon metrics and categorised in accordance with
‘Emission Scopes’ (i.e. Scope 1, 2 and 3) related to
each precinct object and ‘Emission Sources’ (i.e.
Energy, Transport, Waste, Water, Waste Water and
Offsets from Renewables) as stipulated by the ‘National
Carbon Offset Standard for Precincts’ (NCOS-
Precincts) (Australian Government Department of
Environment and Energy, n.d.). Figure 9 illustrates the
‘NCOS Reporting’ features.

A ‘User Guide’ is prepared for detailed step-by-step
instructions on operating the PCA-‘Full tool and
presented in Appendix 2.
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Figure9 ‘Customer Reporting’ Features of the PCA-‘Full’ Version
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Standard Compliance and Tool
Review

Alignment with NCOS-Precincts

The target users for the PCA tool include government
planning agencies and private companies (such as
developers and consulting firms), sustainability
development consultants, as well as urban and
infrastructure planners. For this purpose, the tool aims
to be an operational precinct carbon rating tool aligned
with NCOS-Precincts to make it possible for achieving
standard-compliant assessments of precincts’ carbon
neutrality position.

Figure 10 illustrates the NCOS emission factor
hierarchy and its relation to the data method of the PCA
tool. Overall, the carbon assessment requirements of
NCOS-Precinct can be defined in 8 main categories,
with a total of 47 subcategories. Based on comparison,
the PCA tool has ‘full compliance’ (both data and
method) in 12 subcategories and ‘method compliance’
in 15 subcategories. The remaining 20 subcategories
are regarded as not directly relevant to the functions of
the tool, as they focus on data collection methods for
‘as operated’ and for products and services, whilst the
PCA tool is for assessment of ‘as designed’ and ‘as
built’ at the building and the precinct system levels.
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Figure10 NOCS Emission Factors and the PCA Tool
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The detailed mapping between the PCA data and
modelling features and the NCOS requirements is
presented in Appendix 3.

Tool review

DSquared Consulting, a consultancy firm for
sustainable built environment, was engaged with to
perform an independent third-party review on the
performance of the PCA tool. A full operational testing
of PCA tool was conducted to assess user operability,
functionality and compatibility with the requirements of
NCOS.

The Lot Fourteen Precinct is used as a test case in
order to evaluate the usability of the tool and to assess
the accuracy of the results produced by the tool. Lot
Fourteen Precinct is located on the site of the former
Royal Adelaide Hospital (RAH) in Adelaide, South
Australia, and comprises adaptive reuse of the existing
buildings within the precinct to provide a combination of
commercial, retail, education and public realm space.

Based the tool testing and review, it is reported that the
format of the results produced by the Matlab-based
PCA-Full’ version is consistent with the requirements of
NCOS-Precincts. The results of the PCA tool indicate
that they capture a broader scope and content than
those results obtained via traditional calculation
methodologies. The assessment has the following
precinct operational emissions accounted for:

« Energy: Include lighting, heating, cooling, occupant
energy use, plant equipment and other
infrastructure and shared services (Scopes 1, 2 and
3);

« Water: Water consumed and waste water
discharged (including Scope 3 emissions associated
with off-site water treatment);

* Transport: Transport to and from the precinct
(including occupant commuting, occupant travel to
and from a place of work);

+ Waste: Waste leaving the precinct (including all
waste streams and Scope 3 emissions associated
with  off-site waste recycling, processing,
combustion, or disposal to landfill).

The review notes that the outputs of the current version
of the web-based PCA-‘Light’ are not yet conforming to
the requirements of NCOS, as it is limited to Level 1
modelling capacity (as shown in Figure 2) and supports
Basic Assessment at this stage. Modifying the format of
outputs to NCOS format, providing a breakdown of
results in terms of emission sources is recommended
for future iterations of revision of the web-based PCA
tool.

With regard to the usability performance, the following
main recommendations are made to further align the
modelling capability and assessment functions of the
PCA tool with needs of practitioners/end users:

e Providing the tool with the capability to allocate
different star ratings to different building types,
noting that a precinct may comprise a mixture of
building types and a mixture of different building
states.

e Incorporating an alternative method of displaying
the graphics — i.e. exporting the outputs into Excel
(or similar) to create clearer, more user-friendly
graphics.

e Incorporating features for comparison of scenarios
within the same reporting interface.

e Enhancing the operational stability of hosting
platform for access to a wider audience.
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e Incorporating emissions from refrigeration into the
tool to further align the PCA tool with the
requirements of ‘NCOS for Buildings’.

A full review report is available on request (please
inquire  with  ke.xing@unisa.edu.au for detailed
formation).

Tool application

For its applications, PCA can be used as an
assessment tool at the final phase of a development
project or as a planning tool applied at an early stage of
a project. Users may use it in either of the following two
ways:

1) applying the tool to a new/ongoing project to
analyse carbon reduction scenarios for precinct
development, or

2) applying the tool to completed projects for carbon
performance assessment.

The tool can be applied to ‘Greenfield’, ‘Greyfield’ or
‘Brownfield’ types of development for Residential or
Mixed-use precincts. The spatial scales in modelling
and assessments include Street, Neighbourhood,
Subdivision and Suburb, as well as CBD and Corridor.
The tool is particularly useful in supporting ‘as
designed’ or ‘as built’ carbon assessment and scenario
analysis on Infill or Renewal types of precinct
(re)development with medium- or high-density housing.
With its Transport and Renewable Energy modules, the
tool can also support analysis of various scenarios in
relation to Transit-Oriented Development (TOD) and
deployment of renewable energy harvesting units at a
precinct-scale for the zero-carbon or carbon-positive
target.

Table 3 Test Cases for the PCA Tool Application

To date, the PCA tool has been applied to a number of
test cases of different precinct contexts and
morphological types, as summarised in Table 3.

Precinct Context | Morphology Type Scenario Tested

Results

Andrews Farm Outer-suburban

. . as Usual’ (BAU)
(for residential)

Effects of energy-efficient buildings and precinct-
Renewal scale solar PV for carbon reduction vs. ‘Business 2019)

Case Study presented in (Xing et al.,

Bowden Inner-city

(for mixed use)

Impacts of TOD and urban densification on
Renewal precinct carbon performance

Case Study presented in (Huang et
al., 2017b)

Lot 14 (part) Inner-city
Redevelopment

(for commercial)

Operational testing and benchmarking of carbon
assessment and NCOS compliance

PCA Tool Review report (available
on request and inquire with
ke.xing@unisa.edu.au for detailed
formation)

AL LOW CARBON LIVING
A re

Report Template 21



Lochiel Park Low-carbon Precinct-scale Solar PV with vs. without batter
Development storage and impact on payback (total carbon and

t
(for residential) cost)

Case study presented in Appendix 4

Whilst the PCA tool is not directly aimed at any specific
carbon abatement target, it is expected that the use of
the tool in planning or assessment of a precinct
project’s carbon profile and reduction scenarios can
help to identify and optimise the options for life-cycle
carbon reduction. Based on a case study on urban
densification scenarios for a residential precinct
redevelopment in Adelaide using the PCA tool (Xing et
al., 2019), it is estimated that a 6% of carbon reduction
per annum can be achieved with a combination of
solutions for high energy-efficient new buildings and
households, increase of PV coverage and increased
use of public transport for commuting. This can
contribute to an accumulated carbon reduction of
67,000 tons in total over 20 years. Secondly, embodied
carbon contributes significantly to life-cycle carbon and
can account for as much as 38%, when infrastructure,
especially transport infrastructure (e.g. roads,
driveways, paths and pavements), is considered in the
assessment (Huang et al., 2017b).

End users engagement

During its development process, the PCA tool has been
presented in a number of end user workshops to
engage with organisations, including Renewal SA,
GBCA, AECOM and Aurecon, for review and feedback.

Since March 2019 to date, there have been 27 external
users for the PCA tool based on the online users
accounts and accesses registered, i.e. 26 for the web-
based PCA-‘Light’ version and 2 for the Matlab-based
PCA-Full’ version, including organisations such as
Alberwell, BlueScope, City of Adelaide, DSquared
Consulting, Edge Environment, Good Environmental
Choice Australia, as well as Sustainable Buildings
Research Centre (University of Wollongong). A registry
of the PCA User Accounts is available on request
(inquire  with  ke.xing@unisa.edu.au for detailed
formation).
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Appendix 1
User Guide of the PCA Tool (Light Version 1.0)

The Light version 1.0 is an online version of the PCA tool developed with the same framework and models used in the
Full version 5.0 of this tool. Different from the full version, it is a web-based App allows multiple-user parallel processing
by login www.precinculators.info (or IP address: 52.62.83.83). Screenshot of login system:

Welcome to PCA Project

¢ & net mvsberiearedl plesss b n

£ & hee e | SR -4 @ & :

Please sign in

Ty

TR0 Prajart ATN-2TY

After signing in, the project manage module allows the end user to create a new project, review saved projects, or edit
the scenario of a saved project and redo the simulation.
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Ao
[ Start a new project

Do et

Description

Thiz is 2 demo project

m

Start a new project

Review a saved project

To create a new project, the end users are required to give a project name and a simple description of this project.

L C Y A MNotwecure | 52628383 new o [ ]

avaged hockmarte MG

FCA  Welcome! Bin.Huang

Create new project created by Bin.Huang

Project Mame:

Bowden

Project Description:

hig is & demo preject for the PLA too! testing ..

Create a new g

Click “Create a new project” and the project will be created with the project management interface on the screen. Then
the simulation can be completed with the following steps:
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l @& PCAproject x e =
<« C ) @ Notsecure | 52.62.83.83/projectMenu?id=2 v Q :

Managed bockmarks g - Capacity of upco., @ UniSAMediaLibrar., 9§ Engineering Mecha..

PCA Welcome! BinHuang " Project Management ~ 38 Administration & Logout

Module 1 Module 2 Module 3
General Precinct Requirement
Setting Information Factors
Load weather data precinct overview Water and Waste

Set up simulation setting precinct residents profiles Conversion Factors
precinct land use profiles
precinct morphology
Click to Setup ] [ Click to Setup ] l Click to Setup ]
[ Review previous Report ] [ Review previous Report ]
Module 4 Module 5 Module 6
Elements Carbon Simulation
Investigators Offsetting Reporting

Embodied elements sun path Precinct LCA Simulation
Operational elements Solar Radiation on surfaces Assessment Result
Travelling elements Solar Harvest units settings

Click to Setup Click to Setup Click to Setup

9:40 AM

= e B

Step 1: Simulation/assessment setting.

Select Module 1 and Click “Click to Setup” of this module to start the simulation. At this step, the user needs to define:

a) Simulation type: Basic assessment with NatHERS energy star on per square meter floor area energy use, associated
carbon emission and cost expenditures (hereafter termed as ‘Intensities’); or Advanced assessment allows to build up
intensities according to construction material/element use, appliance type and operating schedules, as well as travel
mode profiles such as fuel type, year of vehicle built etc. (the functional modules for Advanced assessment is currently

unavailable in the online version).

b) Confidence intervals setting applied to assess the overall data quality according to the shares and data qualities of

components.

c) Local weather data (converted from local TMY files) need to be loaded from local end or selected from the preload list

to support simulations.
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[ @ PCAproject x [ =
< C {} A Notsecure | 5262.83.83/general/?id=4 T 0 :

Managed bookmarks B - Capacity of upco. @ UniSa Medis Lirar.. i, Engineering Mecha,

PCA Welcome! Bin.Huang " Project Management ~ i=Module list ~ & Logout

General Settings

Select

Choose File | No file chosen Upload ® Basic assessment with overall intensities N at H e R S

6 Star s

: © Advance assessment with objects details e n e rgy

rating for
Load local weather data | ™eveeme - Ere_lgl_nct
from local end or select [ i = | Pulldings
a preloaded database. — =

Choose Files
Adelaide Weathermat

Edit confidence intervals for

data quality assessment

i
~

NB: if the system did not jump automatically to the next module after the confirmation of current module input, please
click “Project Management”, return to the management interface and then click “Click to Setup” of the selected module
for editing.

Step 2: Precinct Information

After simulation setting, the precinct profiles including Precinct overview and Precinct Residents Profiles, then can be
reviewed and edited in modules.
l & PCA project x R —

<« C Y © Notsecure | 52.62:83.83/precinct/?id=2 & * 0 :

Managed bookmarks P - Capacity of upco.. @ UniSA Media Librar.. 4§ Engineering Mecha...

PCA Welcome! BinHuang " Project Management ~ &

Precinct Information

Precinct Name demo
Precinct Lifespan [yrs] 50
Latitude [deg] 349
longitude [deg] 1385
Time Meridian [deg] 1425
Local Albedo 02
Precinct Landsize [m2] 2550000
Precinct Populationsize 4599
Number of Households 4217

Precinct overview including location and general profiles
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l @ PCAproject x [ -
€« C ¥ @ Notsecure | 52.62.83.83/precinct/?id=2 & 0 :

Managed bookmarks B = Capacity of upco. @ UniSAMedia Librar.. 4 Engineering Mecha...

Sy lanagement ¥ i ule list ¥ @ Logout

PCA Welcome! Bin.Huang

Precinct Information

Precinct overview Precinct Residents Profiles Precinct Land Use Profiles Precinct Morphology
Age Structure Employment Structure

Employed fulltime 3133
45~65 20 % Employed partime 17.57 %
25~45 30 % Employed casually 1.04 %
18~25 30 % At Schools 2131 %
<18 15 % Unemployed 2875 %
Data Quality Low Data Quality Medium
Income Level [k$] Household Size
>100 1 Person Family 39.29
80~100 14.98 % 2 Persons Family 3671 % Y- |
50~80 3001 % 3 Persons Family 1361 %
20~50 4501 % 4 Persons Family 7.99 % E
A
<20 5 % 5+ Persons Family 2.4 %
Data Quality Low v Data Quality High

Precinct demographical profiles

NB: please click the synchronous icon ,@' to save inputs, the calculate icon E to run an inter-modular calculation

(unnecessary for each module), and the file icon E to check the intermediate results as demand.

Step 3: Define the land use of precinct objects

Define the land use of precinct objects, including buildings and infrastructure. If a project is open, then the land use
profiles of the precinct would be presented for editing (Add, edit or delete). However, once the objects types and land
uses developed in this module, they would be not editable in the following modules.

J & capme < B E—

€ C (¥ ® Notsecure | 52.62.85.85/precincy/Tid=2

Misnagzd bookmarks WA - Capsciyof upco.. @) UnSAMeda Lorsr., 9§ Engineenng Mechs.

Edit entry
Building category:  Residential
Building type: Detached house
Average floor Area (m2): 156
storeys per building: 1
Amount at precinct: | 1222

Occupants: 2413

Data quality High

Update
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Step 4 Calculate the morphological factors

At this stage, only precinct buildings are included for the identification of morphologic factors. Dimensions of buildings
can be defined in this module (for default input, average data will be applied), then a mathematical model will convert the
real precinct morphology into a notional grid to calculate the factors of HVAC, solar harvesting, artificial lighting and
travelling based on density and obstructions.

J o resrone B =

<« C (@ @ Notsecure | 52.62.83.83/precinct/?id=2 & 0 :

Managed bookmarks B + Capacity of upco.. @ UniSA Media Librar..  J§ Engineering Mecha.

Edit entry

East-west faced(%) |50

East-west faced(No): | 611 |

North-south faced(%): {50

North-south faced{No.): ‘ 611 |

Average overall [34

height(m):
Average width (m): |18

Data quality: [High |

NB: Please click “Module list” to be directed to the next module for editing, if the system did not jump automatically after
the confirmation of current module input.

[;,- PCA project e+ -

<« C ¥ @ Notsecure | 52.62.83.83/precinct/7id=2 v 0 :

Managed bookmarks B+ Capacity of upco. @ UniSAMedia Librar.. Y Engineering Mecha.

PCA Welcome! Bin.Huang %" Project Management ~ = Module list ¥ @ Logout

>recinct Information

-> Requirements & Factors Precinct Land Use Profiles Precinct Morphology

average population density(p/hect)

Precinct overview

National average populati

Facade & Orientation - Buildings and infrastructure associated

Edit Search:

land use
Amount East- North- North- Average  Average
Types of of East-west N Data
ol at puiaings west ooy South south overall widith o
9 precinct (mz)g faced(%) Y faced(%) faced(No. height(m) (m) quality
O Detached
1222 190632 50 611 50 611 34 18 High
house
o Semi-
detached 795 57756.75 50 398 4994 397 68 1 High
townhouse
O Tewaced
errace 115 12312.66667 50 58 4057 57 102 18 High e |
apartment -7
o Office
building )
1 34455 50 1 0 o 204 18 Medium
(person
occupied) .
building
2 3035.34 50 1 50 1 34 18 Low

(/person
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Step 5 Define water and waste processing associated energy, emission and cost. To define water and waste
processing associated energy, emission and cost, the values of per unit intensities and demand data are required for
accurate assessments. However, without data entry, default data from statistical analysis will be applied.

[ & wapase 1
<« C (@ O Notsecure | 5262.83.83/requiremen

Mansged boskmarks B » Cspacity of upco.. @) UniSA Media Librar.. 4 Enginssring Mecha

Edit entry

Water:
Recywst

Unrecyawst:

Update

Step 6 Local energy production.

This module is developed to support the identification of primary energy factors, energy-to-carbon factors and energy-to-
cost factors of different energy types according to the local energy production profiles. Default data / factors will be
applied based on the statistical analysis of relevant data in the LCI database if there is no data entry.

[ & Pca project x [

< C 03 @ Notsecure | 52.6283.83/requirement/?id=2 Y 0 :

Managed bookmarks g+ Capacity of upco.

PCA Welcome! Bin.Huang

Requirement & Factors

Energy Energy Primary Energy Share in Electricity Carbon Factor (kg Cost Factor Data

Type Source Factor Production(%) CO2-e/MJ) (AS/kWh) Quality
c4 Brown coal 405 186 037 055 High
[s] Natural gas 136 219 0077 045 Medium
al Oil products 135 2 0092 047 Low
al Biogas 422 07 0 04 Medium
al Wind 114 41 0 04 High

Showing 1to 5 of 15 entries 1 row selected Previous 23 Next
Energy & Carbon Factors [Other Energy Types]

Edit Search: ml

Energy Type Primary Energy Factor Carbon Factor (kg CO2-e/MJ) Cost Factor (A$/kWh) Data Quality ~
s} Bio Fuels 11 0 006 High E
o Biomass 1.07 0 0.06 Medium Y
o Coal 1.021 0.096 0.15 High h
s} Diesel 1.081 008 01 Medium

10:02AM

=9 00 B
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Step 7 Renewable energy harvesting and carbon & cost offsetting.

Firstly, the solar irradiation is calculated according to the local weather data, solar potential is assessment based on the
precinct morphological factors. Then embodied energy, carbon and cost are obtained according to the system profiles of
renewable energy harvesting units. After that, energy production, as well as associated carbon offsetting and cost saving
are obtained according to the efficiency of systems. Finally, payback and offsetting periods are determined to guide the
investments on solar energy harvesting. End users can modify parameters and make various combinations for
comparative studies, or to find out the optimal solutions.

<« C % @ Notsecure | 5262:83.83/carbon/?id=2 Pes 0 :
Managed bookmarks B+ Capacity of upco. @ UniSA Mediz Librar.. W Engineering Mecha.

PCA Welcome! Bin.Huang " Project Management ~ i=Module list ~ G Logout

Carbon Offsetting

Sun Path
S Pick a day
« June 2019 »
26 27 28 29 3031 1

2 3 45 678

Orientation

: 9 10 11 12 13 1415
juidicco! 16 17 18 19 20 2122
23 24 25 26 27 2829
Albedo: 301 23 456
PV Panel Parameters
PV Panel Parameters Mono-Si M
Efficiency (%) 75
EEI (M1/m2) 119154
ECrbl(kg CO2-e/m2) 123.08 g
ECstl (AS/m2) 200 E
Lifespan (yrs) 400
Y
Panel area (m2) 163
Panel kWp 025 -

10:05 AM

[=ED)

woozms B

Step 8 embodied energy, carbon and cost (hereafter embodied elements) assessment.

The embodied elements are evaluated with per square meter floor area of precinct objects, and the end users can enter
overall intensities for a light simulation or build up intensities for a detailed simulation. To build up intensities, material
types, intensities, usage and waste ratios are required. Material intensities and libraries of several typical building types
have been integrated into the system LCI database to support a quick build-up of intensities.
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[1,- PCA project x [ =
<« C {t @ Notsecure | 5262.83.83/element/?id=2 * 0 :

Managed bockmarks W - Capacity of upco.. @ UniSA Media Librar.. W Engineering Mecha..

Edit entry

Initial EEL:
Recurrent EEI:
Initial ECrl:
Recurrent ECrl:
Initial ECstl:
Recurrent ECstl:
Recurrent Cycle:

Dataqualit: | High

Update

Step 9 operational energy, carbon and cost (hereafter embodied elements) assessment.

The simulation of operational elements considering two types of appliances, built-in appliances such as HVAC, lighting
and cooking systems; and plug-in appliances like portable appliances of lamps, TVs, PCs etc. The assessment of
operational elements is also based on the principle of per square meter floor areas. However, in a detailed simulation,
end users can define the appliance types, energy type of appliances, annual operating hours/cycles or operating
schedules for building up of operational intensities.

J & rere

&« C {} @ Notsecure | 52.62.83.83/element/7id=2 T 5 Q H

Managed bookmarks B + Capacity of upco, @ Unisa Media Librar.. 4 Engineering Mecha...

Edit entry

Built-in OEl

Plug-in OEL

Built-in OCrbl:

Plug-in OCrbl:

Built-in OCstl:

Plug-in OCstl:

Data quality: | High

Update
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Step 10 Travelling elements assessment.

Assessment of travelling elements allows to evaluate the commuting and entertainment associated energy consumption,
carbon emission and cost expenditure. Per passenger per kilo meter intensities are used in calculations, thus precinct
travelling diary is required. Detailed travelling elements evaluations also allow end users to select energy type of traffic
modes, as well as modify its intensities.

J e roomiee  + o x

€ C 0 @ Notsecure | 52628383/«

Mansged bockmarks B + Capacity ofupes.. @)

Edit entry

Method of travel to work:| Car - as driver

Average travel distance | 80
(kem):

Travelling Frequency:
Percent of popsize:

Energy Intensity
(MUfpassenger/km):

Carbon Intensity
(kgCO2/passenger/km)

Cost Intensity
($/passenger/km):

Data quality: Medium

| Update

Step 11 Run simulations and compile assessment results for reporting

Please just click the calculate icon E to run a systematic assessment with the full scenario described in modules.

Step 12 Reporting.

The light version of the PCA tool is currently supporting custom reporting, end users can select one or multiple elements
for observations. The system will combine the relevant data and generate a PDF format report based on end user
selections.
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[ @ PCA project x S X
< C (Y @ Notsecure | 52.6283.83/report/?id=2 e 0 :

Managed bookmarks B + Capacity of upco.. @) UniSh Media Librar.. 3§ Engineering Mecha..

PCA Welcome! Bin.Hua =" Project Management ~ ~ @ Logout

Simulation & Report

Choose Life Cycle Type

[ Life Cycle Carbon Profile

Choose Sub Type

[ Operational H Profile ]

Third Level

Life Cycle Energy Profile

Life Cycle Cost Profile ]

Embodied

Custom reporting

@ finalkeportpdf x R = a X

IReport.pdf &+ @ 0O

Librar.. Wy Engineering Mecha,

C { @ Notsec

Managed bookmarks  Wg » Capacity of upes. @ Unish Media

52.62.83.83/usersStorages/weather/1/2,

Chapter 2. Precinct Land Use Profiles

I Oetached house 7.48%

I Seri-detached ownhouse  2.26%

I Terraced aparment 0.48%

I Office buiding (/person occupied) 0.14%

I School buikding (/person cocupied) 0.14%
I Acoa of driveway  4.02%

I Area of roads  7.64%

[ Area of footpath 1.76%

[ Area of gasplant 0.04%

[ Area of waterplant 0.08%

[ Area of powerplant 0.04%

[ Gardens & greenfields 2.03%

[ spare land 7270%

Figure 2.1. Precinct Land Use Profiles

The PDF format report
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Appendix 2
User Guide of the PCA Tool (Full Version)

Step 1: Simulation/assessment setting.

a) Simulation type:
1) NatHERS energy star for light simulations is based on per square meter floor area energy use, associated
carbon emission and cost expenditures (hereafter termed as ‘Intensities’);
2) Advanced assessment allows to build up intensities according to construction material/element use,
appliance type and operating schedules, as well as travel mode profiles such as fuel type, year of vehicle
built ...

b) confidence intervals setting applied to assess the overall data quality according to the shares and data qualities of
components.

c) database uploading: local weather data (converted from local TMY files) and systematic LCI Inventory.

et
|

T

.

Simulation Type Selection Confidence Intervals for Data Quality Assessment |
() Basic assessment with overal intensities High qualtty data input [%] 30
MatHERS energy star | Star Medium quality data input [%] 30
(®) Advanced assessment with objects details Low guality data input [%] 40

Load Local Weather Data & LCl Inventory

Precinct Lifespan [yrs] 50 Please select a LClinventory for simulations

Precinct location Load Veather Data LCI Inventary xlsx W

————— ~—

Energy Tariffs Setting

Energy Type | Chargeltem| Ass Method | From (MJ) | To (M) | Rates

Data Loading > > >

LL]
| 2
=
4 |

Data loading ... 15% ‘

NB: need to load both the weather data & LCl data for the Next step operation ...

Save & Continue Exit

Step 2: Open a project

Open a project developed with a specified format Excel file, or create a project.
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[#] Precinct Lifecycle Energy, Carbon and Cost Ass

sment System - Untitled — X

File  Precinct Profiles  Energy Production  Living Requirements  Objects Investigation  Simulation & Reporting k]

Open a Project

» huanghi on » Desktop » Pro 0 > userdata v Search userdata
huanghbi on ENE280363 » Desktop » ProECC 5.0 d ] y-]
Organize + Mew folder =~ [ @
~ Mame Date modified Type Size
7 Quick access .
I Deskt . Bowden.xlsx 12/04/201910:33 .. Microsoft Excel W.., 22KB
eskto - .
P Bowden20190412T123438 xlsx 3/05/2019 1:06 PM Microsoft Excel W... 19KB
& Downloads ¢ Lot Forteen.xlsx 6/05/2019 10:02 AM  Microsoft Excel W... 25KB
Docurnents
[&] Pictures »*
ProECC 4.04
ProECC 5.0
statics questions
Tuterial questior
@ OneDrive - Univer
3 huanghi on ENE2
) 3D Objects
[ Desktop v
File name: | Lot Forteen.dsx V| (*lsx) ~

After open a project, the precinct and demographic profiles then can be reviewed and modified in modules.

[#] Precinct Lifecycle Energy, Carbon an

sment System - Untitled - X

File Precinct Profiles  Energy Production  Living Requirements ~ Objects Investigation  Simulation & Reporting ~

A Precinct Overview

Precinct Name

Latitude [deq]

Longitude [deg] File  View EY
Time Weridian [deg] Age Structure Employment Structure Income Level [ k§] Household Size
Local Albedo >65 5| a5 498 Employed fultime 55/% sags =100 5loe 489 1 Person Famity 10/% 422/
Precinct Landsize [m2] 45~65 200 % 1995 Employed parttime 35% 3490 80 ~100 15(% 1496 2 Persons Family 20% 843
Precinct Populationsize 25~ 45 30 % 2992 Employed casually 10 % 997 50 ~ 80 30 % 2992 3 Persons Family 30 % 1285
PRy OF HOUSChokls 18~25 30| % 2592 At Schools 0% 0 20~ 50 45| % 4437 4 Persons Family 40 % 1887

<18 15| % 1496 Unemployed 0% 0 <20 5% 439 5+ Persons Family 0% 0

Save &

¢ & ®

Precinct Population Size 9973 Amount of Households 4217

Update Save & Continue
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Step 3: Define the land use of precinct objects (buildings and infrastructure).

When a project is open, then the land use profiles of the precinct would be presented for editing (Add, edit or delete).
However, once the objects types and land uses developed in this module, they would be not editable in the following
modules.

by Un

File  View ~

Land use of precinct buidings

Bulding Land Edting Optons Bulding Paramaters nput
(@ Buiding data edting Addabuidingtype Buiing I (Editdelete}  Category of Buiing Residential | Name of Buiking Type Data Method Asbuit v T Ll L e BT ()
O Bukding data loading o Floor Arsa per Buiding (m2} Storeys per Buiding 1| Number of Occupants 0 S
Fath of loaded database  CUs: Edit Buiking Amount at Precinct 1| seioccupancy (%) 1| DataQuaity iR - Data quaity [ High |

Building category Building type Data method | Perunitfloor area (m2) | Storeys per building | Ameunt at precinct | _Total floor area (m2) | Qccupied land size (m2) | Occupants | Seff-occupancy (%) | Data quality |
1 [Public Education As bult 1 s 1 19605 24506403 1307 100 High h
2 |Pubic Commerical As buit 10 6 1 360 1580 S 100 High
3 [Public Commerical2 As but 10 2 1 2100 1050 210 100 High
4 [Pudic Commerical 3 As buit 0 s 1 7300 1560 780 100 High
5 [Public Commerical 4 As buit 10 2 1 1260 30 128 100 High
& [Public Commericals. As buit 10 3 1 3120 1040 312 100 High
7 |Puic Commerical6: As but 10 4 1 8560 1840 656 100 High
g [Pudic Commerical 7 As buit 0 2 1 1180 se0 118 100 High
9 [Pudic Commerical As buit 10 s 1 9040 1130 o0e 100 High
10 Publc Commericals As buit 10 A 1 1500 a5 150 100 High
11 Publc Commerical 10 As but 10 3 1 8100 1350 810 100 High
12 Puic Commerical 11 As buit 10 s 1 12150 1350 1215 100 High v

*Due to the ‘shared’ feature of public buidings, their floor areas are predicted as required based on occupants’ numbers; whi that of residential buldings are determined by their per buiding average

Land use of precinct infrastructure

Infrastructure Land Edting Options Infrastructure Parameters nput
@ ifrastructure data ediing | add an infrastructure type v Infrastructure ID (Editidelet) || Category of nfrastructure |wth ianduse  ©
O ifrastructure data loading Load Infrastructure Data Name of nfrastructure Type Data Method As buit v
Fath of & c Land Use af Precinct (m2/unity Self-occupancy (%) 1
Fre P ——— B e (- Eonasrucire
| Infrastructure category Infrastructure type Datamethod | Occupied land size (m2) / units | Self-occupancy (%) | Dats quality |
1 [wihout anduse Landscape As buit 4600 100 High
2 |spareang Area of unused land As buit 45084203 100 High
*Due to the ‘shared’ feature, infrastructure landuse is predicted as required based on precinct population and land sizes. Data quality | High |
Infrastructure associated buldings are considered as single storey buidings. Precinct Overal Land Size (r2) 915 SEoETe =

Step 4 Calculate the morphological factors

At this step, only precinct buildings are included for the identification of morphologic factors. Dimensions of buildings can
be defined in this module (for default input, average data will be applied), then a mathematical model will convert the real
precinct morphology into a notional grid to calculate the factors of HVAC, solar harvesting, artificial lighting and travelling
based on density and obstructions.
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cinet Morphology

File

Building Morphological Editing

Select a Buiding Type | Education v Amount at Precinct 1 Land Use of Buidings 245063 Average Overall Height (m2) 272 Average Overall Width (m2)

Data Quaity [High || ~

Education

-
East-west Faced (%) | coomenicay \west Faced (No.) 1 North-south Faced (%) 0 North-south Faced (No.) 0

Commerical 2
Commerical 3
Commerical &

Update

Facade & Orientation - Buidi

Commerical 5

TYPES O Cormmerical & at precinct|land use of buildings (m2) | East-west faced (%) | East-west faced (No.)| North-south faced (%) | North-south faced (No.) | Average overall height (m)| Average width (m) | Data quality

1 |Education Commerical 7 1 2.4506e+03 100 1 0 0 27.2000 18 High ~

2 |commericalt [ 5 1 1560 100 1 0 0 20.4000 16 High

3 |Commerical? | Commaricals 1 1050 100 1 0 ] 62000 18 High

4 |commerical3 | commerical 10 1 1560 100 1 0 ] 17 18 High

5 |Commerical 4 Commerical 11 1 630 100 1 0 0 6.8000 18 High

6 |Commerical5 | Margaret Graham 1 1040 100 1 0 ] 10.2000 18 High

7 |Commericals | Women's Health 1 1640 100 1 0 ] 12.6000 18 High v
'< - Alied Health >

McEwin Building

* Orientation - main #x's  Sheridan Buikling ight per storey; Width - width of main orientation. Remave - remave a facade ignarable precinct object Infrastructure associated buildings should also be included.

Dataquaity  [INNGRINNN

Bice Buiding
35 Galery &
LF vs. Obsl Escarpment Buiding North v
— — —5Pwvs. Obsagl
3 HF vs. Obsagl 1
CF vs. Obsagl 20 ]
©  CurentLF
Current SP
25 1
©  Curent HF
Current CF
15 1
2
15
10 1
1 Morphological Facters.
National average population density (pihect ) 57.45
5 R Population density (p/hect) 27015  Obstructon angle (-5, deg) 423
05 4 Obstruction angle (E-W, deg) -38.34 PV Solar harvest coefficient 0414
Lighting coefficient 1039 Space heating coefficient 1.018
i Space cooling coefficient 0895  Traveling coefficient 012
0 L . L . L . L . 0
] 10 20 30 40 50 60 70 80 90 0 500 1000 1500 2000 2500 3000
Horphological Factors vs. Obstruction Angle [degrees] Traveling Factor vs. Population Density [pihect] Save & Continue: Ext

Step 5 Local energy production.

This module is developed to support the identification of primary energy factors, energy-to-carbon factors and energy-to-
cost factors of different energy types according to the local energy production profiles. Default data / factors will be
applied based on the statistical analysis of relevant data in the LCI database when no data be entered.

File PrecinctProfiles Energy Production  Living Requirements  Objects Investigation  Simulation & Reporting ~
nd Carbon Factors Editor am @ CRCLC
Energy & Carbon Factors [Electricity] Calculation Resulis
Electricity Prifiles. Editing Options. Electricty Production Data Input Priary Eneray Factor o Electioty
v Eneray source Energy Type (ntial Data Quar
(® Elec. produ. data editing Add & source Ll Ty Type (k) & Carbon Factor of Electriciy (kg CO2-e/MJ)
Add & 501 Primary Eneray Factor Share in produ. (% Fn ] -
O Elec. Produ. data loading pr—— Ty Eneray S Cost Factor of Electricity (AS/KiVh delivered)
. Carbon Factor (kg CO2-2/MJ Cost Factor (AS/Ih
Path of loaded database C:Wser (kg ) 0 ) Edit Source: Data Quaity
Energy Type Energy Source Primary Enerqy Factor | Share (%) | Carbon Factor (kg CO2-e/M)J) | Cost Factor (AS/k\Wh) | Data Quality
Non-renzables Black coal 40500 42,6000 0.3700 0.5000 High -
2 Brown coal 40500 186000 0.3700 05500 High
3 Natural gas 13600 218000 0.0800 0.4500 Medum
1 0il products 1.3500 z 0.0900 0.4700 Low v
Energy, Carbon & Cost Factors [Other Energy Types]
Electricity Prifies Edting Options Electricty Production Data Input
@ Fuel data editing Add a fuel type v Fueltype Primary Energy Factor
O Fuel data loading T ——— Carbon Factor (ky CO2-e/M1) Cost Factor (ASAKh)
P of loaded database  C:\UsersthuangbiDeskiop\ProECC Data Qualty g Edit Fuel
Fuel Type Primary Energy Factor Carbon Factor (kg CO2-¢/MJ) Cost Factor (AS/M)) Data Quality
1 [coal 1.0200 0.1000 0.1500 High ~
Pl 1.0800 0.0700 0.0800 High
3 |Diesel 1.0800 0.0800 0.1000 Medium
4 |Fuel 0il 1.0800 0.0800 0.1200 Low
5 |Natural Gas 1.0100 0.0800 0.0800 High v

Save & Continue

I o o 2 50%
|

o MY
—

Sal o 200%

Exit

Step 6 Define water and waste processing associated energy, emission and cost. To define water and waste
associated energy and emissions, the values of per unit intensities and demand data are required for accurate
assessments. However, if there is no direct data entry, default data from statistical analysis will be applied.
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ntited B x

File Precinct Profiles Energy Production  Living Requirements  Objects Investigation  Simulation & Reporting ]
Energy & Carbon Factors [Electricity] Calculation Results
Electricity Prifiles Editing Options Electricty Production Data Input T R TS D 205
@ Eiec. produ. data edting Add a source v Energy source Energy Type (Infial) Data Qualty T R T e 0as
i A Pr Er Fact Sh odu. (%] >
(O Elec Produ. data nading rimary Energy Factor T () Cost Factor of Electricity (ASKWh delivered) 045
Carben Factor (kg CO2-g/MJ; Cost Facte h
Path of loaded dalabase CMJser po oo oo arben Factor (kg )] ost Factor (ASKIh) Edit Source Data Qualty | High
Energy Type | Energy Source | Primary Energy Factor | Share (%) | Carbon Factor (kg CO2-e/MJ) | Cost Factor (AS/kWh) | Data Quality |
1 |Non-reneables Black coal 4.0500 42,6000 0.3700 0.5000 High ~
2 Brown coal 4.0500 18.6000 0.3700 0.5500 High
3 Natural gas 13600 218000 00200 0.4500 Medum
4 Oil products 1.3500 2 0.0900 0.4700 Low v
Energy, Carbon & Cost Factors [Other Energy Types]
Electricity Prifiles Editing Options Electricity Production Data Input
(® Fuel data editing Add a fuel type ~ Fueltype Primary Energy Factor
O Fuel data loading Load Produ. Data Carbon Factor (kg CO2-e/MJ) Cost Factor (AS/kWh)
Path of loaded datab: & ¢ Data Qualty fgn Edt Fuel [ pe———
I 5 ol 18 50
I g0 2100
Fuel Type Primary Energy Factor Carbon Factor (kg CO2-2/MJ) | Cost Factor (AS/M)) | Dataquality I o e 200
1 |Coal 1.0200 0.1000 0.1500 High ~
2 |LPG 1.0800 0.0700 0.0800 High
3 |Diesel 1.0800 0.0800 0.1000 Medium COsowrv 200%
4 [FuelOil 1.0800 0.0800 0.1200 Low
5 |Natural Gas 1.0100 0.0800 0.0200 High v
Save & Continue Exit

Step 7 Renewable energy harvesting and carbon & cost offsetting.

Firstly, the solar irradiation is calculated according to the local weather data. Solar potential is assessment based on the
precinct morphological factors.

4 - — X
File  Precinct Profiles  Energy Production  Living Requirements  Objects Investigation  Simulation & Reporting L]
lar radiation
File k]
Plot Local Sunpath Annual Solar Irradiation Assessment (KWhim2)
Precinct Name: Lot Fourteen Latitude: 34.9 [deg] Precinct Name: 0 Latitude: 90
Longitude: 138.5 [deg] Local standard time meridian: 142.5 [deg] Longitu 02 Shade:  none w
Plot options Allyear around ~ Piot Sunpath
Precinct Name: Lot Fourteen
Latitude: 34.90 [deg]
90 Longitude: 138.50 [deg]
Local standard time meridian: 142.50 [degq]
S Month Dir pif Ret Total
[kKWh/m*] [kWh/m®] [kKWh/m®] [KWh/m*® ]
or Jan 142 115 15 272
Feb 107 (28 15 132
60 Mar B3 41 1e 140
- Lpr 39 28 13 a0
- L May 13 18 11 43
2 Jun 10 15 10 35
= Jul 13 17 10 41
@ Aug 30 24 13 &7
& Sep 56 37 14 107
3301 oct 52 €5 16 173
Howv 113 &7 15 215
20 Dec 120 128 15 263
Rl11 823 637 164 1624
10
o s s i Export
-180 -160 -120 ) 0 160 18(
Save & Continue Exit

Then embodied energy, carbon and cost are obtained according to the system profiles of renewable energy harvesting
units. After that, energy production, as well as associated carbon offsetting and cost saving are obtained according to the
efficiency of systems. Finally, payback and offsetting periods are determined to guide investment. End users can modify
parameters and make various combinations for comparative studies, or to find out optimal solutions.
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SHU Systems Setting [ProECC 2018b By Bin Huang]
Solar Water Heating (SVWH) System Profies Precinct SHUs Associated Profies
et Annual Solar Iradiation (KWhim) 16238 Solar Potential Factor 0.414)
— Precinct PV Installation (KWp) 1698.75]  No.ofPV Systems 566
No. of battery banks 110 ‘ 3
Battery bank size (KIVh) 64 < >
No. of SWH Systems 200 4 3
= Household Daiy Hot Water Demand (L) 80 Frecinct fespan (yrs) 60
System Parameters
Elements EE| (M/ea) | ECrbl (kg CO2-e/ea) | ECsti(AS/ea) | Lifespan (yrs) | Data Quality
1 |Thermal collector 21855003 170.4700 200 15 High A ECrbl of gird maintenance (kg CO2-efk\Wh) 0.1/ Grid Energy Loss (%) 6.86)
2 BT e 5.8550e+03. 456.7600 500 e EEl of grid Maintenance (KWh/kih) 036  ECstlof gird maintenance (AS/KWh) 0.08!
nstalation Wedum
= 167.8000 ——— 2 = Efficiency of SWH System (enable to satisify 80| % of household hot water consumption)
4 665 51.8700 150 5Low v
* Hot water supply is supposed to use natural gas heating for no SWH househokds. e ey e T () 0.0083
Eleciricy primary factor 305 Natural gas primary facior 1011
PV System Profies Primary electricfy carbon factor (kg CO2-e/MJ) | 0.25|  Elecricky rate (AS/KVN delivered) 045
PV Pane! Parameters. Primary natural gas carbon factor (ko CO2-s/J)|__0.057]  Natural gas rats (ASMAJ deiversd) 0.08
PV Panel Type  Efficiency (%) EEI (I/m2) ECrbl (ky CO2-&/m2) ECStl(AS/M2) Lifespan (yrs) Panelarea (m2) FPanelkWp Data Qualty
MonoSi v 13.32] 2880 321.24 15337 28] 163 0zs| [ieam ~ .
ameters. Embodied energy (GJ) 124650.26 Energy generation (GJ) 382238.85
Efficiency (%)  EEI(WJ/KWp)  ECrbl(koCOZ-ekWp)  ECSH(ASKWp)  Lifespan (yrs) Data Quaity
- e i, . S - Embodied carbon (t CO2-¢} 13727.47 Carbon offset (t CO2-€) 1336115
SHUS investment (k AS) 746424 Energy cost saving (k AS) 22283.41
Elements Efficiency (%) EE| (MJ/unit) | ECrbl (kg CO2Z-e/unit)| ECst! (AS/unit) | Lifespan (yrs) | Dats Quality | e ) 1957 Carbon payback peroid (y7s) 616
1 [inveter 3 1533700 172300 20200 10 High ~ T o s e s Jasenent
2 Tsunport siructure H e =] e e investment payback peroid (yrs) n-grid energy loss (G4)
3 [Instalation & maintenance [ 720 20,8700 0.0700 30 Medium Off-grid energy loss (G1) 45057.77 Overall energy loss (GJ) 27965238
4_|Charge reguiator $25000  613.4800 859200 10.8400 10 High @
N Or-grid Carbon Loss 26.97%
[ Of-grid Carbon Loss 5.18%
[ carbon Offsetting 61.54%
[ IEmbodied Carbon_6.31%
Inveter
Support Structure
Charge Regulator
it L]
PV Panels Household Appliances OEnergy @ Carbon O Cost
* Battery systems are supposed to run a daily full charge-discharge cycle over the whole ffespan.
* Units: inverter, support structure, instalstion & maintenance - (2 paneke; charger & aircondtioning associated - (KD battery.
Reload Data Calculate save & Continue Ext

Step 8 Embodied energy, carbon and cost (hereafter embodied elements) assessment

The embodied elements are evaluated with per square meter floor area of precinct objects, and the end users can enter
overall intensities for a light simulation or build up intensities for a detailed simulation. To build up intensities, material
types, intensities, usage and waste ratios are required. Material intensities and libraries of several typical building types
have been integrated into the system LCI database to support a quick build up of intensities. In addition, a smart expert
system was developed and integrated which can recommend default intensity data according to the defined object types.
Also, data collected from the ‘Data Sharing’ module can be integrated into the LCI database to support the improvement
of assessment. Thus, the tool has the machine learning ability to some extent.
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Egting 0
et Build Up Data
@k
O
Edting Options. Add a Buiding Element
1 [Eduoaton| | @ Edta bukingiype Recordno. |1 Element Type Adselecta materialtype |Adda materisltype | intial €I (WJfunit) o il ECrbl (kg CO2unt) o) Dataquaity Utespantyrs) | 0
2
3 (Quaniiy (unt) 0| Sub-clement temifaterialtype. Waste rafio[%] 0] nial Un Cost (AShunit) o e Data Edting
4!
L5 f
e
7 170 Recurent Cycle yrs) 10 Il EE1 (GUim2) 206 Per Cycle Recurring EE1 (Glin2) 207 Intal ECrb1 ¢ CO2Im2) o
*€81-Embocied Per Cyck Recurring ECrbI (£ CO2-2lm2) 0 Intal ECsti (kAS/2) 0 Per Cycle Recurring ECst (KAS/T2) o Precinct Lifespan (yrs) & Data Quaity e
Buiding Element Sub-dement VateralType nkial E1 | Le Recuring EI | Intial ECP | Lc Recuring ECr | intial ECatl | Le Recuring ECati ]| Quartity | Waste Ratio | Lfespon | _Dota Qualty |
Edting Options | |_1_|FootingsFFoor Concrete siab on grouna s55025 0 0 0 0 0 14589003 s 50 Hign ~
Low
e | |E 23802 ) ) 0 ) ) 9760 55000 &
3 17045 0 0 0 0 0 13600 s 6oLow
© Load from 4 65.2437 0 0 0 0 0 48.4500 65000 60Low
B Suspended timber Steet sss025 sss025 0 0 0 0 a4 s 30 Low
[ W [ Goncrete 23302 238302 0 0 0 0 ss160 55000 30Low
1_|tandscaps 7 rickworl 54302 54302 0 0 0 0 5015, 6 30 Low
) 26111 26111 0 0 0 0 2060 8 a0Low
9 121.4500 121.4300 0 0 0 o s 65000 a0 Low
10_[Root Framing 2611 26111 o 0 o 0 28543003 s a0Low
T ss5025 ss5025 0 0 0 o 27mzeds s 30 Low
2 Claddng saass saass o 0 o 0 sstEeds 25000 a0tow
3 173416 173416 0 0 0 0 177 25000 30 Low
14 182:1031 1821031 o o o o el s a0Low
15 19,2085 192085 0 0 0 0 swsir o 30Low
16 1a8419 o o o o o 1szen 6 6oLow
i 3029573 3029573 0 0 0 0 s 55000 a0Low
Precinct Life-cycle Ty 18 Ceiing 133095 133095 o 0 0 0 1.0944e+03 8 30 Low
19 Guttering 192.1031 1921031 0 0 0 0 81.6483 5 30 Low
Suburb Type L 20 |External Walls. Double Brick 54302 54302 0 0 0 0 59840 6 30 Low
Calulte Hethod 2 s108 e 0 0 0 [T 0 30Low
2 23802 23802 ) o o ) a2 s 20 igh
) 928 928 0 0 0 0 260 ] 20 High
P Brick sam sam ) o ) ) 20020 6 30 High
5 23002 0 0 0 0 3e7ROe s 20 High
% s o o o 2010 s a0 High v
*EE1- Embodid Energy ntensiy (HJiunt), ECrbi - Embadid Carbon Intensty (kg CO2-eunt), ECst - Embocied Costntensiy (ASIu) to (%), Lifespan (yrs), Quantty (unks) - quant .
Save & Continue Ext

The results of calculation can be plot and observed as the intensities and embodied elements of precinct objects.

File Edit View Inset Tools Desktop Window Help a
EEEFEIDNEET I PRI =

Embodied Energy Intensities of Buildi Jim2)
4
T

o
Education Commerical 1 Commerical 2 Commerical 3 Commerical 4

Embodied Carbon Intensities of Buildi C02-e/m2)
04
T T

o
Education Commerical 1 Commerical 2 Commerical 3 Commerical 4

%103 Embodied Cost Intensities of Buildings(A$/m2)
8
T T

2

o
Education Commerical 1 Commerical 2 Commerical 3 Commerical 4

Step 9 Operational energy, carbon and cost (hereafter operational elements) assessment

The simulation of operational elements considering two types of appliances, built-in appliances such as HVAC, lighting
and cooking systems; and plug-in appliances like portable appliances of lamps, TVs, PCs etc. The assessment of
operational elements is also based on the principle of per square meter floor areas. However, in a detailed simulation,
end users can define the appliance types, energy type of appliances, annual operating hours/cycles or operating
schedules for building up of operational intensities. Machine leaning is also integrated to support default input, which was
found valuable to avoid large body input in generic assessments with an acceptable resolution.
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Editing plug-in appliances can be done by selecting appliance types from the drop list and modify intensity values.

Annual Operational Intensties of Buldings (G, t CO2-¢, kAS / m2)

Editing Options

Editing of Operational Intensities for Building Plug-in Appliances

@ Edt options Plug-in P edit v
OPI
O Load fromLC! database Load OPI Data Editing Options Operational Intensities of the Assessed Precinct Object |
orP
Buiding Type Margaret Graham v Operation Schedule Seting Operational Energy Factor (GJim2lyr) 0 F
Types of Buildings. Total Floor Operationl Carbon Factor (t CO2-eim2/yr) 0 ity
1 |Education Plugin Appliances Editing Options ~
c m Operational Cost Factor (kASim2fyr delivered) o
2_|Gommerica @ Pugi data edifing | Editan appliance type O Load a model for edting | Load a mocel
3 |Commerical2 Data Qualty _
4 |Commerical 3 Database Path & Name: |Add an appliance type. User editing.
Tﬁnmmeﬂcﬂu Edt an appliance type
R Adk F 0 Plug-in Appliance | De¥te an applance type .
“0E1 - Operational Energy Intenshy (GJim2), OCrbl- Operationa Plug-n applence list | coffos mak.. Adding optiens [Addatype Applance type No. of the Applance 1
OEI (MJfunitthr) 0] OCrbl (kg CO2-e/unit/hr) 0 OCstl (ASiunithr) 0 ‘Annual hrs/cycles 0 I
‘Annual Operational Intensities. of Infrastructure & Services (GJ, t CO: .
Weasure method |perhour Energy type Eecricty | Assessed floor area (m2) 35| Data qualty Hgn
Editing Optons. =
Edit App [Editing
@ Edit options Apply overall OPI - =
O Load from LC! database Load Ol Data Appliance Type Amount | OFl-eq| OCrbl-eq | OCst-eq | Annual Hrs/Cycles | OF OCrb | OCst | Measure | Energy Type | Data Quality] o
1 |coffes maker 1 1 1 2 1 1.0000e-03 1.0000e-03 0.0020 per cycle  Electricty High ~ =
2 |refrigerator 1 2 1 2 2 00040 00020  0.0040perhour  Electriciy Low
Irseildicimsin Quantity (unith] |3 e wasner 1 2 1 2 3 0060 00030  0ODeDpercyck Eecticty  Medum ity
Landscape 460 "4 |washing machine 1 2 1 2 1 00020 10000603  00020percycle Eechicky  Medum
5 |washing maching (standby) 1 2 1 2 2 0.0040 0.0020 0.0040 per hour Electricity Medium
6 |clothing dryer 1 2 1 2 1 0.0020 1.0000e-03 0.0020 per cycle  Electricity Low
7 |ridges & freszers 1 2 1 2 2 00060 00020  0OD4Operhour  Ekctricty  Low
8 |data projector 1 2 1 2 2 0.0040 0.0020 0.0040 per hour Electricity Low
9 v 1 2 1 2 2 0.0040 0.0020 0.0040 per hour Electricity High
10 |tvs (standby) 1 2 1 2 1 0.0020 1.0000e-03 0.0020 per hour Electricity High
11 |ove 1 2 1 2 3 0.0060 0.0030 0.0060 per hour Electricity High v
* OEI - Operational energy intensity; OCrbl - Operational carbon intensity; OCstl - Operational cost intensity. OF| - Operational energy intensity; OCrbl - Operational carben intensity;
“OE1 - Operational Energy Intensity (GJ/unit), OCrbl - Operational C: oeati-o - . i
st - Operational cost ntensity. = Data in tables is edtabie, piease cick the “Calculate” button to refresh the data and resuts ooty P — - |
Expected Precinct Lifespan (yrs) 0 Precinet Popuiation Size 8 oy o o Toavex Contiae | et

Editing operating schedules for an appliance type can be done by selecting the number of hours and days to define its

frequency of use.

Annual Operational ntensities of Buldings (GJ, t CO2-¢, kAS / m2)

Ediing Options

Summary of Buiding Information

@ Eat options Buit-in 0PI edit ~ Buiding type | Education
System Factors & Precinct Profils.
Population Size (per Obi type) 1307|  Househokd Amount (per Obi type) 0
Buiding Type Educaton | Primary Energy Factor (ske) 205
Carben Factor (ele. kg CO2-eMJ) | 0.25|  Primary Energy Facor (gas.) 101
Carbon Factor (gas. kg CO2-eM)) | 0.05|  CostFactor (ele. ASINN delivered)| 0.3
Cast Factor (gas. ASMI delivered) 008 Operation Schedue Seting

Space Heating

System Type | Electric | Listo appiance Types

OFI (dmzmr) | [space heatng "
| space coving

ocsti (As/mzinr) Mechanical
1 |uigntng

Morphological factor Cooktops
| Jovens

Spacs Cooling

SystemType | Electric evaporat

0Grbl (kg GO2-eim2rhi) |
Annual operating hours

Data Qualty 21%

Mechanical Ventiation
[ Mechanical ventiation appled

OCrbl (kg CO2-e/m2/hr)

Annual operating hours.

Buit-n OEI (GU/m2)

Lighting
SystemType | Average lighting mx
0Crbl (kg CO2-2/m2/hr) 10
Annual operating hours 200

Data Qualty

a9

79%

Annual Operating Cycies / Hours.

Save & Continue.

[] Plug-in OF| (Gm2)
Ol (Mam2inr) 2
oCstl (As/m/hr) 0.90278
Horphological factor 1.039

Daily Operating Hours.
O
O
Ot
Ore
Oz
Oz

Select Al

Clear All

Invert

O=
Select Al mE)
Clear All
nvert
Select Al
Gear Al
1855 | [J1s | lnwert
Daiy Cycks | 0
= iy Cy

Buil-in OP|Ediing

[) Buit-n OCrbl (t CO2/M2) 0

Heating 96.90%
Cooing 2.60%
C—Juighting 0.50%

Operational Infensities of the Buit-in Applances

Buit-in Apps Annual Operational Energy Consumption (GJ) 6265657
BLit-in Apps Annual Operational Carbon Emissions (t CO2-¢) 2513221
Bui-n Apps Annual Operational Cost (kAS) 74184
Buik-in Apps Operational Energy Factor eg. (GJfm2/yr) 32
Buik-in Apps Operational Carbon Factor eq. (£ CO2-elm2iyr) 128
Buik-in Apps Operational Cost Factor eq. (KAS/m2/yr delivered) 004
Total Floer Area of the Assessed Object (m2) 19605 Dataqualty |[EGRN

* OEI - Operational energy intensty; OCrbl - Operational carbon intensiy;
OCst!- Operational cost intensity. Inputs are deiivered data which will be converted in calculation.
* Please olick the "Calculate” button to refresh the calculation resuls.

Reioad OPI Data Apply. Save & Continue: Exit

The results of calculation can be plot and observed as the intensities and operational elements of precinct objects.
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Step 10 Travelling elements assessment.

Operational Energy Shares of Buildings

Operational Carbon Shares of Buildings

Operational Cost Shares of Buildings

(I =ocation 43.95%
I Corrrrorca 1
B Cormerca 2
I Coroca 3
B Conmornca 4
[ Cormeca 5
I Cormenca &

I o cation 26.125%
I Cormmerical 1 792%
Commorica 2
I Cormmerical 3

anmenca 4

e kwn Buking 4145
Sherkian Buking 0045

(EJsce suang 201

CJouiey 5%

Galley 1.78%
Escamment Bulding hortn 1.30%
Escarpment Buiding South_138%

Assessment of travelling elements allows to evaluate the commuting and entertainment associated energy consumption,
carbon emission and cost expenditure. Per passenger per kilo meter intensities are used in calculations, thus precinct
travelling diary is required. Detailed travelling elements evaluations also allow end users to select energy type of traffic
modes, as well as modify its intensities. Machine learning is also integrated for the default input of travelling intensities.

Editing Options Summary of Buiing Information

@ Travel data editing Addatravelm.. Travelmode | Train (to CBD)

Addngoptons  |Addamode |  Travel mode NA|  Modecategory | Public v Data Editing
© Load from LC! database Edi a tra ode Travel distance (kmitrip) 0|  Travel frequency (tripstyr) 0 Passengers (No.type) 0 Travel OFI (MJkmip) 0| Plot Trav. OP
Database Path & Name: Delete a travel mode

Travel OCrbl (kg CO2-efkmlp) 0|  Travel OCstl (AS/kmip) 0 Energytype Petrol | Data Gualty [FE | | eotTravom
Precinct Annual Traveling Energy (G1), Carbon (t CO2-e) & Cost (kiaS)
Travel Mode | Category | Travel Distance | Travel Frequency | PassengersNo. | TOEI | T0Crbl | T0Cst! | Annual Energy | Annual Carbon | Annual Cost | Energy Type | Data Quality |

1_[Train (to CBD) Fublic 20 430 1995 18400 0 0 35240004 [ 0 Diesel High ~
[[2 |rocalBus Fublic 17.5000 430 997 27300 00100 0 23287104 237430 oLPe High
[ 3_|school commuting (by bus)  Public ] ] 0 27800  0.0100 ] o o oLPe Medium
[ [tram Fublic 7 480 1495 15000 0 0 20425603 o 0 Diesel Medium
[5 Jraxi Frivate 7.5000 24 19 102800 02400 o 3675132 25968 0 Petrol Medium
[[& |car-as driver Frivate 20 450 2002 23200 02400 0 6663304 6.2938e-03 0 Petrol Medium

7 |car-as passenger Frivate 20 480 97 00500 00100 ] 5742720 957120 0 Petrol High
(8 [muck Private ] ] 0 24000 02700 ) ) ) 0 Diesel Medium
[9_|Motorbike Frivate 17.5000 430 798 16100 01700 0 10792e:04  1.1395+03 0 Petrol High
[ 10_|others by car (e.. shopping ... Frivate ] ] 0 23200 02400 ] o ) 0 Petrol Medium
[11_|Regional air Flight ] ] 0 114700 0 ] o o 0 Diesel Low
[T12_|pomestic ar Flight 900 24 499 63500 01500 0 7383%e:04  16168+03 0 Diesel Low v

I Train (to CBD) 1961%

[ Tram 14.71%
[ T 1.96%
[ Car - as driver 28.41%
[CJCar- as passenger 980%
I Motorbike  7.85%
[_—_JDomesticair 4.91%
[_Jintemational air_1.96%

*Travel Distance (kmisingle trip); Travel Frequency (tripsiyr}; TEI - Traveling Energy Intensity (MJ/kmip), TCrbi - Traveling Carbon Intensity (kg CO2-e/kmyp), TCstl - Traveling Cost Intensity (AS/mip)

Precinct Life-cycle Traveling Energy, Carbon & Cost Profies.

Precinct Lifespan (yrs) 80
Precinct Population Size 73
Traveling Embodied Energy (GJ} 6582186406
Traveling Embodied Carbon (t CO2-&) 0
Traveling Embodied Cost (kAS) 0
Traveling Operational Energy (GJ) 21953964
Traveling Operational Carbon (t CO2-€) 10058.42
Traveling Operational Cost (k AS) 0
Traveling Data Qualy 0

Apply Save & Continue Exit
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Step 11 Run simulations and compile assessment results for reporting

File  Precinct Profiles  Energy Production  Living Requirements  Objects Investigation | Simulation & Reporting u

Precinct LCA Simulation

Assessment results

Step 12 Reporting.
As an NCOS - aligned tool, the PCA tool provides two reporting options:

1) NCOS reporting. In the NCOS reporting, the output of results will be sorted according to scopes which are
defined with an NCOS criteria.

Reporting Options Objects Selection Data Type

(®) NCOS reporting O Customreporting | As buit at the presinct e ic buil Traveling Water & waste Renewable harvesting Embodied operational / production

Land Use of Precinct Objects NCOS Carbon Profiles of Precinct Objects Generate the Report

Data Output Selection (unit/annum)

Energy (GI) Carbon (t CO2-&) Cost (k AUD}

Summary of Sections
I . 75

e Elements | Carbon Emission (t CO2-¢)| Percentage (%) |
[ | 1 [Eneray 149119140 206760 A
Py [2_[Transport 603516405 03265
B o 2z [[3 |water 31299957 169333
I conneca 7 1% 4 |Waste 3720008 20126
I ol 2.0% |75 |renewabie 9.4390e+04. 00511 v
Resuts wih Detais
Elements | Scope! | Scope2 | Scope3 | Overall
Education 0 1.65346+08 6.30766+03 166956408 A
Commerical 1 0 st20420 2008 51208428
Commerical 2 o tussie 450 1isssson
Commerical 3 o 47030 673 42872083
Commerical ¢ o es2 a0 sssvien
Commerials o 17068140 889 17068808
Detailed Carbon Breakdown of Precinct Objects Commerical & 0 35886900 1407 35888307
T T Commerical 7 0 e4ss280 25 sesssa
Commerical 3 0 43453850 1939 45455799
Commerical & o a20se40 2z saeiez
Commerical 10 0 4311560 AT 4e313097
Commerical 11 0 607260 2607 66469687
Wargaret Grah o 20897520 319 20808339
VWomen's Health o 13348200 52 13uer2
Alied Health o 15064650 S5 1585226
IeEwn Buiding 0 26805720 1274 26906904
Sheridan Buidi.. o 235260 2 s
Bice Buikding o 13019840 510 13020450
Gallry 0 326300 548 3623738
Escarpment B o smosaz sr  47oe1sT
[ 21 [escarpment. o amosaz0 sr  eroeisT
[22 Jcarparc 0 o 2 2
Landscape o 2 o 2780
Transpot 60351405 o 0 Go3stes
Buiing water 0 31290057 0 31290087
(Garden water 0 o 0 0
(Garden waste o o s 0V
Print Contriute Data Close
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2) Custom reporting. While in a custom reporting, end users can select one or multiple precinct object types with
specified data types for observations. The datasheet/list will sort data with ‘Embodied’, ‘Proportion of embodied’,
‘Operational’, ‘Proportion of operational’ and ‘In total. The end users can also select ‘As built’, ‘As demand’ or
‘Mixed’ object types to support the simulations with different contexts namely exist precincts assessment, green
area planning or brown area redevelopment. Future versions will allow end users to observe the proportions of
‘Self-occupied’ for owners and ‘Rented’ at the precinct.

Reporting Options Objects Selection Data Type

(O NCOS reporting ® Custom reporting | Mixed for redevelopment 2 Residential buidings. Public buidings Infrastructures. Traveling Water & waste Renewable harvesting Embodied operational / production

Land Use of Precinct Objects Energy Profiles of Precinct Objects

Data Output Selection (unitannum)
@ Energy (GJ) O carbon (tcoz-e) O cost (k AUD)

[ B
. " Summary of Sections

Elements | Carbon Emission (t CO2-¢) | Percentage (%) |
1 [Eneroy 1 0 B
[ 2 [mransport 503512405
=
4|
5
Results with Detais
Elements | Emenergy |Em..| Openergy |Op.| Total
1 |Educaton 6703104 0 228042+09 100 228042408
[ "2 [commerical1 21336 00.. 31782060 9. 317841995
[ "3 [commericai 4156 0.0.. 71305920 99...  TI310078
|4 [commericai3 ATT79 0.0.. 264850560 99... 264868339
[ "5 [commerical4 2872 0. 42783540 9.  427EBH2
6_|Commerical§ Ti12 0. 105940200 59... 105947312
109 Detailed Energy Breakdown of Precinct Objects [7[commericale 14953 0.0.. 220746100 5. 222761053
2517 T T T [ & |commerical7 2690 0.0.. 40067100 99.. 40069730
[9 |commericals 20606 0.0.. 306954360 9. 306975566
["10_|commericals 3419 00.. 50832800 99 50836213
[ |commerical 0 16463 0.0.. 275037120 99.. 27S0SSSE3
[12 |commerical 11 27694 00.. 412555680 99... 412563374
[ 13 [margaret ora. 9185 0.0.. 129708900 %2... 126718085
[ 14 [women's Heatn 5480 00.. 82856700 99.. 82882180
[15 |atied Heatn 4523 0 93470030 100 98474603
[ 16 _|Mcswin Buidi 14502 0.0.. 165380420 9. 166395082
[ 17_[sherigan Bui 444 00, 1460280 99, 1450724
[ 18 _[pice Buising 5723 00.. 80313400 9. 80819123
[ 19 [atery STSE2 0.0.. 237304080 99.. 23731662
["20_[Escarpment . 5890 0.0.. 29205360 5. 28214250
[21_[Escarpment . 5890 0.0.. 29205360 55.. 29214250
22 |car park 2 100 o o 2
[23 |Landscape 5656 22. 19320 77, 24578
[ 24 [Traveling 6562180 33.. 131726407 6. 187556207
[25 |water & waste 0 0 13558e+03 100 1.355%e08

print Contribute Data Close
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Appendix 3

NCOS-Precincts Mapping for the PCA Tool

NOCS (Precinct) Requirements

Tool Alignment

Establish the Emissions Boundary
Include all relevant activities and emissions within geographic boundaries
Reasons for and implications of any exclusions, if made
Identify Emission Sources
CO2, CH4, N20, HFCs, PFCs and SF6

Scope 3 emissions should be tested for relevance and materiality (>1%)

Total amount of emission excluded must not exceed 5% of total carbon account

Collect Data on Identified Emission Sources
Quality control practices must be in place to ensure data quality
Documents justifying selection of the monitorying methods

Documentation of the collection processes

Emission sources are grouped according to Scope

Emission factors from National Greenhouse Accounts are used whereever possible

Transport
Emissions related to transport services/activities outsources/purchased (Scope 3)
Transport activities related to an Organisation (Scopes 1, 2, and 3)
Transport activities related to a Product/Service (Scopes 1, 2, and 3)
Transport activities related to a Building (Scopes 1, 2, and 3)
Scope 1 and 2 emission factors are sourced from NGA publication

Scope 3 emissions are from converting transport activities to fuel quantities and to identify
NGA factors

Stationary energy

Co-generation and Tri-generation

Method covered

Fully covered

Method covered
Fully covered

Fully covered

Method covered
NA

NA

Fully covered

Method covered

NA
Method covered
NA
Method covered
Method covered

NA

NA

Modelling concept covered, elements partly covered

Except some elements without data availability

Indirectly covered as currently using CO2-e

Might directly related to the reporting contents and styles, rather than
the tool itself.

No intentional exclusion, but some elements might missing due to data
availability

A module developed to assess the data qualities based on statistical
analysis

As no real-time data required for the tool, this requirement might
developed for NCOS Standardlised reporting

Depend on user data input, but the source of default intensities are
stated

Results need to be resorted for reporting
The tool allows users to adapt NGA data for assessment by develop
their own LCI with the given format

Better to include directly collected real-time data than that estemated
by the tool for reporting

Currently focused on household assessment, but can be adapted in
the future

Better to include directly collected real-time data than that estemated
by the tool for reporting

Building embodied emissions included the amount contributed by
transport activities

The tool allows users to adapt NGA data for assessment by develop
their own LCI with the given format

The tool focuses on as built / design, rather than as operated

Due to availability of system models and data support. Might be better
to use directly collected data for reporting?
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Generation Scenario 1: Located within the precinct boundary and Consumed within the
boundary

Generation Scenarion 2: Located within the precinct boundary and consumed outside the
boundary

Generation Scenarion 3: Located outside the precinct boundary and imported into the
boundary

Measurement of fuel quantity

Fuel characteristics

Emisisons factors from NGA
Water

Emissions associated with the consumption of reticulated water
Emissions from treatements and processes captured by water supplier as a single emission
factor (kg CO2-e/KL, reticulated water)

Scope 3 emissions
Data measured directly or estimated from robust sources (include average water conumption
of a piece of equipment)
Emission factors from the supplier or provided by Bureau of Meteorology on Urban Water
Utilities

Waste water
Total GHG emissions from wastewater treatment processes before returning into the
environment
Emissions from treatements and processes captured by treatment operator as a single
emission factor

Scope 3 emissions
Data meaured directly or estimated for the quantity of wastewater generated by
activities/processes within the boundary

Data apportioning (if the data is related to activities both within and outside the boundary)
Emission factors from wastewater treatment operator or calculated by local
water/environmental authorities as a benchmark

Include BOD and/or COD (if industrial processes producing a highly concentrated
wastewater are in the boundary)

Emission factor covers water distribution and wastewater process can be used if both are
operated by one entity

Waste
Main types of waste management processes: disposal, recovery for recycling, bio-treatment
or composting

Scope 3 emissions (offsite treatment)
Scope 1-3 emissions (onsite treatement)

Use the waste-type specific method (if possible)
Activity data: amount of waste produced and breakdown by type of waste management
activity

Fully covered
Method covered

Method covered
NA

Fully covered

Method covered

Fully covered

NA

Fully covered
Method covered

NA

NA

NA

Fully covered
NA
NA
NA
NA

NA

Fully covered
Method covered
Method covered

NA

Fully covered

Present style might need to be updated
Can be worked out from simple calculations with generation data
collected

Considered in modelling but has not been specified for reporting
The tool focuses on as built / design, rather than as operated

Considered in carbon conversion
The tool allows users to adapt NGA data for assessment by develop
their own LCI with the given format

Using the data from ETWW project
Some data collected from references, but better to use data collected
directly from water plant

As a part of infrastructure embodied

Estimated data from Local Bureau of Statistics (e.g. ABS), SA Water &
Sydney Water was used

Better to include directly collected real-time data than that estemated
by the tool for reporting

Data collected from research projects and publications, but lack of
system models

Better to include directly collected real-time data than that estemated
by the tool for reporting

As a part of infrastructure embodied

Better to include directly collected real-time data than that estemated
by the tool for reporting

Better to include directly collected real-time data than that estemated
by the tool for reporting

Better to include directly collected real-time data than that estemated
by the tool for reporting

Data collected from research projects and publications, but lack of
system models

Data collected from research projects and publications, but lack of
system models

Presented with different style
But not refer to use research data
But not refer to use research data

Due to lack of data
Data collection: Local Bureau of Statistics (e.g. ABS), but presented in
different style
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Activity and quantity data from waste management provider, estimated from waste Better to include directly collected real-time data than that estemated

survey/audit, or estimated from other sources NA by the tool for reporting
If impossible to account different types of waste seperately, assum all going to landfill and Better to include directly collected real-time data than that estemated
use most conservative emission factors NA by the tool for reporting

The tool allows users to adapt NGA data for assessment by develop
Emission factors from waste management operator or NGA sources | Method covered | their own LCI with the given format

Other emission sources

Scope 3 emissions from other typical activities or products consumed, if relevant Fully covered by the knowledge of the tool developers

Renewable energy
Onsite generation-LGCs NA Due to data availability

Green power | Method covered | Currently focused on solar PV and solar water heating

ACCUs NA Due to data availability
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Appendix 4

Case study- Lochiel Park

Lochiel Park, located approximately 8 kilometres north east of the Adelaide CBD, is a model green village developed
to practically demonstrate the South Australian Government’s vision for sustainable living. The site comprises 15
hectares of land, is a community of more than 150 residents. All homes within the precinct achieve a minimum 7.5-
star energy efficiency rating and equipped with solar photovoltaic cells (173.49 kWp in total) and solar thermal water
heaters, resulting in 64% energy saving and 74% reduction in greenhouse gas emissions. Census data collected by
Australian Bureau of Statistics (ABS) indicates that approximately 15.2% of households are seniors (65 years and
above), 28.3% have children of school age or younger and an extra 56.5% are single families or young families

without child at the studied precinct. Monitoring data shown in Fig. 1 indicated that the per household annual energy
consumption at the village is 5,177.30 kWh.
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Fig. 1 Energy profiles of the studied precinct

Assessment with the PCA tool developed by the UniSA team at the ICM project shows the energy profile of a typical
family at this precinct as Fig. 2.

s
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Fig. 2 Energy profiles of a typical family

Carbon offset assessment is conducted using the renewable energy and carbon assessment tool integrated in the
PCA tool, with two scenarios considered, the real context (without energy storage, Scenario 1), and an assumed
case with battery storage (Scenario 2). As shown in Fig. 3, with the employment of battery storage, both the export
and import of household operational energy are reduced. In another word, the integration of storage contributed
significantly to self-sufficiency of PV systems, which then applied positive impacts in energy resilience and energy
expenditure reduction.
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Fig. 3 Precinct annual electricity importation and exportation

Life-cycle assessments have been conducted on the PV system and PV plus battery system, with the consideration
of embodied energy, carbon and costs. Detailed assessment results listed in Table 1 show that Scenario 2 is a more
economically feasible solution for energy supply with an equivalent electricity rate of 10 cents per kWh over the 60
years’ lifespan of precinct, which is 40.00% of the calculated rates in Scenario 1. However, with the integration of PV
energy storage systems, the associated embodied elements (energy, carbon and cost) are increased
correspondingly, resulting in longer payback and offset periods. Among the three payback and offset parameters, the
variation in investment payback periods appears the most significant, which might be attributed to the cost intensive
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feature of PV batteries at the present stage. The investment payback period of Scenario 2 might be extended by
158.91% compared to that of Scenario 1. However, the solutions in Scenario 2 is still economically feasible, since the
investment payback periods are within the 60 years assessed lifespan. Against this backdrop in investment costs, the
energy resilience is enhanced with the integration of storage systems as the PV energy self-sufficient ratio was

increased by 52.38% in Scenario 2 when compared to Scenario 1.

Table 1 LCA assessment results of the precinct PV systems

Description Scenario 1 Scenario 2
Lifecycle embodied energy of PV systems (PJ) 11.98 16.75
Lifecycle embodied carbon of PV systems (t CO2-e) 883.58 1236.08
Lifecycle embodied cost of PV systems (k AUD) 761.80 3315.47
Storage demand/total battery capacity (kWh) - 705.00
Annual PV primary energy production (MWh) 642.79 675.69
Annual PV carbon offset (t CO2-e) 539.95 567.58
PV energy payback period (years) 5.18 6.89
PV carbon offset period (years) 1.64 2.18
PV investment payback period (years) 17.57 45.49
Annual electricity importation (MWh) 208.14 90.83
Annual electricity exportation (MWh) 143.90 29.53
PV self-sufficient ratio 27.62% 80.00%
Equivalent electricity rate (AUD/kWh) 0.25 0.10

This Case Study indicates that the renewable energy assessment module of the PCA tool is of the ability to guide the
identification of carbon offsetting potential of precinct, and guide the investment on solar energy harvesting units. In
addition, it can also help with the exploration of precinct solar potentials and optimisation of economical-eco schemes

for precinct carbon offsetting.
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