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EXECUTIVE SUMMARY
Sustainability has become a major focus for Sinclair Knight Merz (SKM) as they aim to
become a global leader in this field. In doing so, SKM have set a corporate goal of
achieving a 30% reduction in per capita Greenhouse Gas (GHG) emissions.
In response to this corporate goal of achieving a 30% reduction in per capita GHG
emissions, this study analysed GHG as a sustainability indicator. In this context, the
environmental footprint of an SKM office building was examined, along with the
possible direct abatement opportunities through building operations, and indirect
opportunities through clients and suppliers.
This study calculated the environmental footprint of SKM to be 1488.98t CO2‐e, which
equates to 3.5t CO2‐e per capita. Internal abatement opportunities were identified
within this study, with estimated emission reductions calculated to be 492.54t CO2‐e, as
a result, reducing current emissions by 33% to a total of 2.31t CO2‐e per capita.
GHG emissions were found to be a contributor to achieving sustainability, as it provides
a quantitative measure, however it was identified that it cannot be a sole indicator to
achieving sustainability. SKM must educate and influence suppliers and clients to
adopt sustainable practices from the commencement of a project, consequently
improving SKM’s environmental and social performance through delivering
sustainable services.
Further studies are recommended in terms of quantifying the viability of SKM and
Stockland (building owner) installing new innovative technologies and providing
educational programs to increase the environmental performance of the company and
building. Ultimately, SKM must aim for an integrated energy, water and waste system,
which strives to close resource loops and reduce demand.

Reductions in Environmental Footprint

v

ACKNOWLEDGEMENTS
Throughout this internship there have been many people who have generously given
their time and without them it would have been difficult to complete.
Firstly, I would like to thank SKM in allowing me to undertake this opportunity to gain
industry experience in my field of study. In particular, I would like to thank my
industry supervisor Matthew Davies, along with Helen Forster, Craig Warman and the
Power, Industry and Infrastructure team in helping me with many aspects throughout
the period of my internship.
Secondly, thank you to my academic supervisor Martin Anda for providing guidance,
encouragement and advice throughout the internship period but also my
Environmental Engineering degree.

vi

Reductions in Environmental Footprint

1 INTRODUCTION
1.1 BACKGROUND INFORMATION
Human activity has led to an increase of greenhouse gases (GHG) in the earth’s
atmosphere. The resulting increase in global temperatures is contributing to the global
climate change effect (IPCC, 2007). Climate change is altering the natural systems such
as cloud cover, rainfall, wind patterns, ocean currents, and the distribution of plant and
animal species due to the increasing volumes of carbon dioxide emissions becoming
trapped in the earth’s atmosphere (DECC, 2008).
The concern for rapid changes in climate has led to many countries signing on to the
Kyoto Protocol. The Kyoto Protocol is an agreement made under the United Nations
Framework Convention on Climate Change (UNFCCC). Countries that ratify this
protocol, commit to reducing their emissions of carbon dioxide and five other
greenhouse gases, or engaging in emissions trading if they maintain or increase
emissions of these greenhouse gases (UNFCCC, 2005).
The soon to be implemented Carbon Pollution Reduction Scheme, by the Australian
Government, will lead companies to adopt various measures in order to reduce their
environmental footprint.
Sinclair Knight Merz (SKM) is a leading engineering, sciences and project delivery firm.
‘SKM works in close partnership with key clients in the public and private sectors,
providing independent technical, strategic and commercial advice to deliver a wide range
of projects in the communities in which we live (SKM, 2008)’. SKM has incorporated
sustainability into their current strategic plan and have placed a major emphasis on
becoming a leader in sustainability by becoming a signatory to the Corporate Leaders
Group on Climate Change. SKM has created an Emissions Abatement program which
will be used to achieve the corporate goal of a 30% reduction in GHG emissions per
capita by 2011 (SKM, 2008).
In order to track progress towards achieving this corporate goal, SKM must quantify
their existing GHG footprint. The footprint must comprise the environmental
performance of energy, water, waste and transport in SKM’s offices. The environmental
performance is quantified through GHG equivalent emissions and then rated using
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either the Green Star building rating scheme or the National Australian Built
Environmental Rating Scheme (NABERS).
SKM’s principal Western Australian office location is the Durack Centre in the Perth
CBD. Currently, SKM occupies seven out of twelve floors. SKM are to increase their
tenancy to nine floors within the Durack Centre to allow all non joint‐venture Perth
SKM staff to be located in the one office. In accordance with this expansion, SKM and
the building owner Stockland are retrofitting the existing building to increase the
sustainability of internal operations and to achieve a minimum four star Green Star
building rating. Therefore, the footprint of the Durack Centre needs to be determined
and GHG emission abatement opportunities need to be identified.
GHG emissions are used to quantify the footprint of the building and are consequently
used as a Key Performance Indicator (KPI) for achieving sustainability. Thus, to
determine if this is a solution to creating a sustainable future, the examination of GHG
emissions as an indicator is required. Furthermore, SKM has the capability to
encourage suppliers and clients to identify GHG abatement opportunities where
possible, thereby helping SKM to provide sustainable services through the entire
project delivery process.

1.2 AIM
In response to the corporate goal of achieving a 30% reduction in per capita GHG
emissions, this study will analyse the use of GHG as a sustainability indicator. In this
context, the environmental footprint of an SKM office building will be examined, along
with the possible direct abatement opportunities through building operations, and
indirect opportunities through clients and suppliers.

1.3 OBJECTIVES
Five objectives have been outlined below for this study.
1.

Provide a comprehensive literature review, examining greenhouse gas
emissions, climate change, building performance ratings and sustainability.

2.

Perform a quantitative assessment to estimate the present environmental
footprint for the Perth office, comprising energy, waste, water and travel data.

3.

Identify GHG abatement opportunities in addition to the building retrofit to
further reduce the present environmental footprint of the Perth office.

2
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4.

Evaluate the suitability of GHG emissions per capita, as a KPI for SKM.

5.

Examine opportunities where SKM has the ability to encourage GHG abatement
of external parties such as suppliers and clients.
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2 LITERATURE REVIEW
2.1 GREENHOUSE GAS
Greenhouse gases occur at trace levels within the atmosphere. As sunlight passes
through the atmosphere the earth surface is warmed. Consequently, the lands and
oceans release heat (infrared radiation) into the atmosphere, thus balancing the
incoming energy (CSIRO, 2008). Water vapour, carbon dioxide and other trace gases
can absorb part of this radiation, allowing the lower atmosphere to be warmed, while
the remaining is emitted into space (CSIRO, 2008).
Approximately three‐quarters of the natural greenhouse effect is due to water vapour,
the next most significant GHG is carbon dioxide (CSIRO, 2008). Higher concentrations
of carbon dioxide and other GHGs will lead to increased trapping of infrared radiation
within the earth’s atmosphere (CSIRO, 2008). This buildup of GHG is contributing to
the phenomenon of ‘global warming’, the lower atmosphere is warming, subsequently
changing both the weather and climate.
The following GHGs are produced or influenced via human activities:


Carbon dioxide (CO2)



Methane (CH4)



Nitrous oxide (NO)



Ozone (O3)



Sulfur hexafluoride (SF6)



Synthetic halocarbons (CFC
and HFC)

Carbon dioxide is the main GHG readily addressed when examining abatement
opportunities for GHG emissions. Carbon dioxide concentrations have increased from
280ppm in 1750 to 383ppm in 2007 (Royer, 2006). The major anthropogenic sources
of carbon dioxide are fossil fuel combustion and land clearing for agriculture (CSIRO,
2008).
Out of the six GHGs listed, all but ozone are considered as major GHGs and form the
subject of the Kyoto Protocol.

2.2 KYOTO PROTOCOL
The Kyoto Protocol covers 182 countries globally, with a total GHG emissions reduction
commitment of 63.7% (UNFCCC, 2005). The objective of the Kyoto Protocol is to
achieve “stabilization of greenhouse gas concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the climate system (UNFCCC,
2005).”
4
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current high levels of GHG emissions in the atmosphere, as a result of more than 150
years of industrial activity, the Protocol places a heavier burden on developed nations
under the principle of common but differentiated responsibilities (UNFCCC, 2005).
Australia signed the Kyoto Protocol on the 3rd December, 2007. While Australia is a
relatively small GHG emitter comprising around 1.4 per cent of total world emissions, it
registers as being one of the largest emitters on a per capita basis, with an estimate of
28t of GHG emissions per capita per year (Roarty, 2002; Newton, 2001).
Article 3 of the Protocol requires that developed countries, which includes Australia,
ensure that their “aggregate anthropogenic carbon dioxide equivalent emissions of
greenhouse gases, do not exceed their assigned amounts in the commitment period
2008 to 2012 (UNFCCC, 2005).” The assigned amounts are based on the emissions
during the year 1990.
Australia has a target of 108 per cent of 1990 emissions to be achieved on an annual
basis over the five years from 2008 to 2012 (Jordan, 2008). This target of 108 per cent
equates to nearly a 30 per cent reduction from its projections of the business as normal
situation (Roarty, 2002). The Garnaut Climate Change Review 2008 released by
Professor Ross Garnaut, suggests an initial 2020 goal of a 10 per cent reduction with a
future aim of achieving an 80 per cent reduction in emissions by 2050.

2.3 CLIMATE CHANGE
As established earlier, human activity has led to an increase of GHGs in the earth’s
atmosphere. The resulting increase in global temperatures is altering the natural
systems such as cloud cover, rainfall, wind patterns, ocean currents, and the
distribution of plant and animal species. More of the sun’s energy is being trapped in
the atmosphere, and more carbon (in the form of CO2) is resting in the air rather than
trees and soils, thus disturbing the carbon cycle (DECC, 2008).

2.3.1 EVIDENCE OF CLIMATE CHANGE
Recently, there have been significant occurrences of extra‐strength weather in the form
of droughts, heavy precipitation, heat waves and the intensity of tropical cyclones. As
temperatures rise climate induced changes in over 400 physical processes and
biological species have been recorded (UNFCCC, 2005). For example, snow cover is
depleting in the northern hemisphere due to the declining winters and flora and fauna
are migrating at different times of year to usual (UNFCCC, 2005).
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Evidence of climate change in Australia is the 0.9°C rise in average temperature from
1910 to 2004 with significant regional variations. There have been considerable
changes in temperature (refer to Figure 2‐1), being both the increasing range of
temperatures experienced, along with the changing frequency of hot day and nights
increasing, whilst cold days and nights are decreasing. In addition, variations in rainfall
frequency and intensities have occurred across Australia to differing degrees
depending on the region (refer to Figure 2‐2). Furthermore, the three oceans
surrounding Australia (Indian, Southern and Pacific) have all displayed evidence of
increasing sea levels over the past 80 years (ACCSP, 2007).

Figure 21: Linear trends in annual mean Australian temperature since 1920 (left) and
1970 (Right). (Images courtesy of BoM, 2008)

The previous ninety years shows evidence of average increases in temperature across
the nation of up to 0.4°C per decade. In the last 30 years there has been a significant
average increase in temperatures ranging up to 0.6°C per decade.

Figure 22: Trend in annual mean Australian rainfall since 1970. (Image Courtesy of BoM,
2008)
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Rainfall since 1970 has varied widely across the nation. The east coast of Australia has
experienced decreases in rainfall of up to 50mm per decade, whilst areas on the west
coast have experienced increases of up to 50mm per decade.
Projections of weather parameters into the future indicate that the climate will
continue changing until issues such as GHG emissions are reduced. Projections
estimate that by 2030, nationwide increases in temperature will vary between 0.3°C
and 2°C, whilst rainfall projections indicate nationwide decreases between 2 and 10%
in relation to the 1990 rainfall volume (ACCSP, 2007).

2.3.2 GREEN PAPER
The Green Paper released by the Australian Government in July 2008, outlines current
climate change issues that Australia faces, and the government draft policy position on
climate change. Australia’s climate change strategy is to implement a Carbon Pollution
Reduction Scheme, which is seen as the best way to reduce carbon pollution, while
minimising impacts on business and households (Aust. Gov’t., 2008).
A cap will be placed on the amount of carbon pollution that industry can emit freely. It
will require businesses and industry to buy a ‘pollution permit’ for each tonne of
carbon they contribute to the atmosphere, thus providing a strong incentive to reduce
pollution. The government will use money raised by the sale of pollution permits to
help Australian households and businesses adjust to the scheme and invest in clean
energy options (Aust. Gov’t., 2008).
The paper also outlines how the government will work with each State to adapt to
climate change and also how Australia will be acting with the rest of the world. This
supports the ratification of the Kyoto Protocol by the Australian Government in late
2007. By adopting emissions trading, Australia will join most other developed nations
in the fight to reduce carbon pollution.

2.4 EXISTING PROGRAMS
The Federal government manages a number of programs which aim to help companies
reduce GHG emissions. These programs are run by different departments throughout
the government and require some companies to report their emissions annually. Since
the 1st July 2008, all programs now require the reports to be compiled in accordance
with the National Greenhouse and Energy Reporting Act 2007, thus creating a standard
reporting framework nationwide. The existing programs are described below.
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2.4.1 GREENHOUSE CHALLENGE PLUS
Greenhouse Challenge Plus (GCP) is a voluntary program managed by the Department
of the Environment, Water, Heritage and the Arts. GCP enables Australian companies to
improve energy efficiency and reduce GHG emissions. GCP is designed to:


Reduce GHG emissions (including promotion of awareness of GHG abatement
opportunities in industry);



Accelerate the uptake of energy efficiency;



Integrate greenhouse issues into business decision making; and



Provide more consistent reporting of GHG emission levels (DEWHA, 2008).

GCP utilises the current edition of the National Greenhouse Accounts (NGA) Factors for
emission factors and calculations.

2.4.2 GREENHOUSE FRIENDLY
Greenhouse Friendly aims to help meet the challenge of climate change by:


Providing businesses and consumers the opportunity to sell and purchase
greenhouse neutral products and services;



Broadening the basis for investment in GHG abatement; and



Engaging business and consumers on climate change issues (DECC, 2008).

Greenhouse Friendly allows Australian businesses to market greenhouse neutral
products, deliver GHG abatement and give Australian consumers greater purchasing
choice. GCP members who purchase Greenhouse Friendly certified products and
services can list these products and services as having zero emissions in their GCP
emissions inventory (DECC, 2008).

2.4.3 NATIONAL GREENHOUSE AND ENERGY REPORTING SCHEME
The National Greenhouse and Energy Reporting Act 2007 was created to establish a
mandatory corporate reporting system for GHG emissions, energy consumption and
production. NGERS is managed by the Department of Climate Change (DCC). From 1st
July 2008, corporations will be required to report if they:


Control a facility that emits 25 kilotonnes or more of GHGs, or produce or consume
100 terajoules or more of energy; or



Their corporate group emits 125 kilotonnes or more GHGs, or produces or
consumes 500 terajoules or more of energy.

8
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The NGERS is based on the UNFCCC methods and standards for measuring and
estimating GHG emissions. This enables the Government to directly apply it to the
Kyoto Protocol.

2.4.4 ENERGY EFFICIENCY OPPORTUNITIES ACT 2006
The Energy Efficiency Opportunities (EEO) program is managed by the Department of
Resources, Energy and Tourism (DRET) and is a part of the National Framework for
Energy Efficiency. EEO encourages large energy using businesses to improve their
energy efficiency. It does this by requiring businesses to identify, evaluate and report
publicly on cost effective energy savings opportunities (DRET, 2008). Participation in
EEO is mandatory for corporations that use more than 0.5 petajoules of energy per
year.

2.5 SKM ACCOUNTING AND REPORTING
SKM have created a GHG Emissions Accounting and Reporting Protocol as part of their
Emissions Abatement Program. This protocol outlines the relevant standards SKM have
adopted with respect to reporting emissions.
Two international documents have been identified by SKM as “best practice” for
reporting GHG emissions:


World Business Council for Sustainable Development (WBCSD), World Resources
Institute (WRI) (2004), The GHG Protocol; A Corporate Accounting and Reporting
Standard; and



AS ISO14064.1 (2006) Greenhouse Gases. Part 1: Specification with guidance at
the organizational level for quantification and reporting of greenhouse gas
emissions.

The ISO 14064 contains internationally agreed requirements for GHG accounting and
verification projects, while the GHG protocol outlines how to undertake GHG
accounting and reporting.
SKM recognises the role of the Australian Government Greenhouse Challenge Plus
Reporting Guidelines, which are consistent with both the WRI/WBCSD and ISO
documents.
Emissions are categorised into three distinct groups:
•

Scope 1 – Direct emissions – Vehicle emissions from the company fleet cars and
natural gas usage.
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•

Scope 2 – Indirect emissions – include the consumption of electricity, heat or
steam.

•

Scope 3 – Various emissions – allows flexible boundary, can include business
travel, taxis, hire cars, private cars, novated lease cars and air travel
(SKM,2008).

The Australian NGA Factors are used to provide a source of current GHG emission
factors. It is recognised that the emission factors in the NGA workbook have been
harmonised with the international reporting framework of the GHG Protocol. It is also
noted that SKM’s national operations may in the future be required to report energy
use and GHG emissions in accordance with the NGERS, and as such the internal
reporting of GHG emissions should be consistent with respect to the NGER framework.
Each region of SKM produces an annual Green Office Audit (GOA) report which follows
the standards and protocols outlined for accounting and reporting of GHG emissions.
The reports include data for energy, water, waste, paper and transport, and provide
benchmarks for the specified region.

2.6 BUILDING PERFORMANCE RATINGS
Emissions from the non‐residential sector, of which office buildings are the largest
contributor, are predicted to double from 1990 levels by 2010. Major sources that
account for commercial GHG emissions include air conditioning (heating and cooling),
electricity consumption and transportation (DEWHA, 2008).
Up to 98 per cent of Australian office floor space is comprised of ‘existing buildings’
(NABERS, 2008). Replacing existing buildings with new green buildings will not
achieve emission reductions, because the construction of new buildings generates
significant levels of emissions. The most climate friendly buildings are existing
buildings, which have been upgraded to achieve substantial emission reductions
(NABERS, 2008).
A building’s improvement in its energy and greenhouse efficiency can be assessed by a
Green Star rating through the Green Building Council Australia (GBCA) or the National
Australian Built Environmental Rating System (NABERS).

2.6.1 GREEN STAR
Green Star is a comprehensive, national, voluntary environmental rating scheme that
evaluates the environmental design and achievements of buildings. Green Star covers a
10
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number of categories that assess the environmental impact of the building, with
categories including management, indoor environment quality, energy, transport,
water, materials, land use and ecology, emissions and innovation (Green Star, 2008).
Analysis of these categories results in a star rating for the building, these are:


4 star – ‘Best Practice’ (score 45‐59)



5 star – ‘Australian Excellence’ (score 60‐74)



6 star – ‘World leadership’ (score 75‐100)

2.6.2 NATIONAL AUSTRALIAN BUILT ENVIRONMENT RATING SYSTEM
NABERS is a performance‐based rating system that measures an existing building’s
overall environmental performance during operation. NABERS now incorporates the
previous national Australian Greenhouse Building Rating (AGBR). NABERS rates a
building on the basis of its measured operational impacts

including energy,

refrigerants, water, stormwater runoff and pollution, sewerage, transport, indoor air
quality, waste and toxic materials (NABERS, 2008). The ratings range from 1 star
(poor) to 5 star (exceptional). NABERS utilises the benchmarks set for AGBR which
were developed in accordance with international and local standards. These
benchmarks vary for each State due to varying environmental conditions.

2.6.3 BUILDING RENOVATIONS
The key impacts of an office building on the broader environment are:


Energy use and greenhouse emissions ‐ Energy‐related greenhouse emissions are
a key factor in increasing the levels of carbon dioxide in the atmosphere, leading to
human induced climate change. How buildings are operated can affect their energy
demand significantly.



Water use  Building users can be major water consumers, but users can also adopt
practices to harvest water sustainably and effect considerable reductions in
demand on existing constrained supplies.



Waste  Waste contributes to resource depletion and a range of pollutants. The
reduction of waste minimises the area needed for landfill, and reduces the
environmental impact of overall materials throughput.



Transport  Transport is a major source of Australia's greenhouse emissions. The
location of buildings and the transport choices of those who use them make a
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considerable difference to transport‐related emissions associated with buildings
(NABERS, 2008).
Reduction strategies aimed at these key impacts will account for decreases in a
buildings environmental footprint, and not only improve the sustainability of the
building, but also the environmental performance of the tenants.
One example of a sustainable office building retrofit is 40 Albert Road, South
Melbourne. Originally built in 1987, this 1200m2 office building is populated by the
Szencorp group of companies. 40 Albert Road is the first office retrofit within Australia
to achieve a 6 Star Green Star rating by achieving a 5 star ABGR Energy rating plus a
20% reduction in carbon dioxide (GBCA, 2008). The energy retrofit consisted of a
integrated sensor and management system, a ceramic fuel cell and two solar PV‐grids
along with Australia’s first permanent commercial office installation of natural gas VRV
engine air conditioning units (GBCA, 2008). However, energy was only one of many
factors addressed in the building retrofit.
The indoor environmental quality was increased by the installation of a Building
Management System (BMS) which controls internal temperatures and ventilation
based on occupancy (GBCA, 2008). Also, high performance glazing and operator
controlled blinds were installed on windows and low volatile organic compounds were
used throughout for insulation, carpets, paints and adhesives (GBCA, 2008). In
addition, water use was decreased by the installation of low flush toilets, waterless
urinals, electronic on demand taps, solar hot water, greywater recycling and rainwater
collection tanks. Waste has been minimised through the introduction of recycling
facilities (GBCA, 2008).

2.7 SUSTAINABILITY
2.7.1 DEFINITIONS AND PRINCIPLES
Sustainable development is defined in the Brundtland Report (1987) as “development
which meets the needs of the present without compromising the ability of future
generations to meet their own needs.” This report led to the issue of sustainability being
recognised globally. Since this report, the definitions and principles of sustainability
continue to be redefined around the Brundtland definition.

12

Literature Review

The principles of sustainability are outlined below, these principles are designed to
capture and represent the meaning of sustainability as developed by the Brundtland
Report in 1987.
Principles of Sustainability:


Recognise your ability to act sustainably in all you do.



Play an active role in promoting more sustainable practices.



Through education, promote behavioural change which exemplifies sustainable
practices.



Do not compromise the possibilities of future generations through unsustainable
activities.



Encourage consideration of alternatives and more sustainable solutions, strategies
and perspectives in addressing concepts, problems or issues in business,
government and communities (Swinburne, 2008; Brundtland 1987).

2.8 SKM AND SUSTAINABILITY
SKM is striving to become a leader in sustainability. Sustainability is one of four
strategies outlined in SKM’s 2008 strategic plan.
SKM’s vision for sustainability is as follows:
“SKM will make a positive and lasting difference to the future of the environment, our
people, our clients and our community. We will be recognised as a leader of sustainable
project delivery, partnering with enterprises to shape industries and sustain communities
around the world (SKM, 2008).”
To support this vision, SKM has set the following objectives:


We will work in close partnership with our relationship clients who share our
values to advise on, assess, develop and manage the delivery of projects in a
sustainable manner.



Our people will be passionate about making a positive and lasting difference
through their thoughts, words and deeds to transform SKM into a sustainable
company and to deliver projects that make a lasting difference to the environment,
our clients and the community.



We will be recognised for our unique breadth and depth of skills and experience
that enable us to lead the market in the delivery of sustainable projects.

Reductions in Environmental Footprint
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We will seek and acquire leading skills to bring the latest sustainability thinking to
all of our clients’ projects wherever they are (SKM, 2008).

SKM has taken a significant step in their push for achieving sustainability by
announcing a corporate goal of achieving a 30% reduction in GHG emissions per capita
by 2011.
The goal of achieving a 30% reduction in per capita emissions will take into account
reducing SKM’s emissions through energy use, greenhouse gas emissions, water use,
waste and transport. Some initiatives have already been introduced, as outlined in
Table 2‐1.
TABLE 21: Existing SKM strategies and initiatives.

Source

Initiative

Summary

Result

Energy

Switch off
campaign

Encourages all employees to switch off
their computer and monitor overnight
or when the computer will not be in
use for prolonged periods of time.

Reduce energy
consumption
from
computers.

Waste

Paper recycling
bins:

Bins are strategically placed to
maximise the volume of paper that is
recycled.

Increase
percentage of
recycled
paper.

Video
conferencing

Aimed at reducing the number of
flights required for projects where SKM
employees from all over Australia are
involved.

Decreased
emissions
from air travel.

Travel smart

To facilitate a change in behaviour
towards more sustainable modes of
transport by encouraging staff to catch
public transport, cycle, walk or car pool
to work.

Decreased
emissions
from staff
travel to work.

Greenfleet

SKM is a signatory to Greenfleet, a not‐
for‐profit organisation which plants
trees on behalf of an organisation to
offset their transport emissions. SKM’s
owned company cars are registered
with Greenfleet so all emissions are
offset.

Offset all
emissions
from company
pool cars.



Travel
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Photocopy
areas



Deskside



Across floor
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SKM is seeking internal abatement opportunities, but also external opportunities
through educating clients, as many clients will now need to report emissions, due to
the introduction of the National Greenhouse and Energy Reporting Act 2007.

2.9 KEY PERFORMANCE INDICATORS (KPI)
Key Performance Indicators are quantifiable measurements that reflect the critical
success factors of an organisation. Once an organisation has defined their corporate
goals, it needs a way to measure progress towards these goals and KPIs are these
measurements (Reh, 2008). KPIs can be utilised for financial, operational and
environmental goals, and are commonly associated with the corporate strategy. For a
KPI to be successful there must be a way to accurately define and measure it. There are
generally four categories of indicators that are identified as KPIs.


Quantitative indicators – can be presented as a number;



Practical indicators – interface with existing company processes;



Directional indicators – specifying whether an organization is getting better or not;
and



Actionable indicators – are sufficiently in an organization’s control to effect change
(Reh, 2008).

When operated as part of a measuring to manage program, KPIs allow companies to
track how well they are doing (via benchmarks) and identify opportunities to:


Save money and thus increase profits;



Use resources more efficiently;



Minimise waste; and



Prevent pollution.

SKM as part of their 2008 strategic plan outlined four KPIs targeted specifically at
sustainability, these are:


A net greenhouse gas reduction of 30% per SKM employee by 2011;



Ensure all of our Relationship Clients have a commitment to Sustainability;



70% of staff attend sustainability awareness program by end of 08/09; and



2009 client survey indicates SKM ranks 4/5 positive responses for commitment
and leadership in sustainability (SKM, 2008).

2.10 SUSTAINABLE SOURCING
Sustainable sourcing is commonly referred to as supply chain management (Koplin,
2005). Inter‐organisational concepts for sustainable management have led to a variety
Reductions in Environmental Footprint
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of developments and strategies, which incorporate environmental supply chain
management (Seuring, 2004). The purchasing or sourcing functions inside companies
such as SKM must search for, evaluate and monitor suppliers. Whilst the acceptance
and implementation of international environmental and social standards inside a
company and along the supply chain is becoming more prevalent due to the complexity
and uncertainty of economical, environmental and social developments and the
increasing expectation to provide sustainable services.
Environmental standards are defined as quantitative specifications to limit different
kinds of anthropogenic impacts on human beings and the environment, whereas social
standards include accepted rules for designing labour relations, working conditions,
and social safety systems (Pallmann, 2002). Sheth and Sharma (1997) state that “value
creation by suppliers has become an area of interest to companies. Business customers
will realise that suppliers provide access to value creation that will provide them with a
sustainable competitive advantage.”
Sustainability in supply management accrues from the general adaptation of products
to changed environmental and social conditions along the chain concerning design,
production systems, recycling, and disposal (Green et al., 1996). For the integration of
environmental standards into all purchasing decisions, additional information about
the environmental performances of suppliers must be gathered and evaluated. Their
classification and rating schemes can be helpful, as they support related supplier
selection and evaluation (Noci, 1997). One trend is the increasing requirement for
suppliers to be certified with standardised environmental management systems (EMS),
such as ISO 14001 (Corbett and Kirsch, 2001) or other forms of sustainability
programs such as government programs listed in Section 2.4.
As SKM supplies a service to its clients, SKM must ensure their supply chain and
internal operations are sustainable as clients seek sustainable services and project
delivery.

2.11 LIFE CYCLE ASSESSMENTS
Life cycle assessments aim to examine the entire life cycle of a product or service by
assessing the environmental impacts associated throughout its production (DEWHA,
2007). The resources used and the impacts caused are identified for all stages of the life
cycle. As companies increasingly seek to reduce emissions, the LCA then helps to
identify where areas can be improved to reduce the resources consumed and to
increase the efficiency of the product or service.
16
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When examining the energy life cycle of the process, measurements are made by
calculating the units of energy consumed throughout each stage of the life cycle. Stages
may include the extraction of raw materials to the construction, operation and
decommissioning of an infrastructure project (DEWHA, 2007).
Benefits that occur through the use of a life cycle assessment include:

Reduction in GHG emissions.


Identifying efficient and cost effective options.



Assessing operations and production processes to identify opportunities where
efficiency improvements can be achieved.



The comparison of products and service that perform the same function through
assessment of environmental credentials and economic costs (DEWHA, 2007).

LCAs feature a number of benefits but also feature some challenges:


The cost and complexity of in depth assessments.



Application of realistic weightings for emissions.



High number of assumption associated with the LCAs (DEWHA, 2007).

LCAs recently have had to begin making assumptions in regards to emissions and the
associated costs of these emissions if the Australian Governments carbon cap and trade
scheme is implemented. The extra cost of carbon may now make technologies
economically equivalent, which have never previously been considered due to the
higher capital costs. Therefore, expanded LCAs which consider these factors will
become increasingly popular as the help to identify the most sustainable cost effective
options available.

Reductions in Environmental Footprint
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3 METHOD
The methodology for this study is divided into five sections:
1) Initially the building rating schemes will be analysed to determine which is the most
appropriate for SKM, as these schemes rank the direct environmental performance
of a company.
2) A quantitative analysis will then be undertaken to identify the existing footprint of
SKM by examining carbon equivalent emissions from energy, water, waste and
transport.
3) Internal abatement opportunities will be investigated to identify strategies and
technologies that SKM can adopt in order to reduce their footprint by reducing GHG
emissions.
4) The study will then examine the overall effectiveness of using GHG emissions as a
KPI, and whether GHG emissions can be a sole indicator for sustainability.
5) The result of this analysis then helps to support the analysis of where SKM can pass
external abatement opportunities onto suppliers (through sustainable supply chain
management) and clients (through the use of Life Cycle Assessment and Cost Benefit
Analysis tools).
The following describes in detail the tools and techniques that will be used in this study
to satisfy the above five sections.

3.1 BUILDING RATING SCHEME ANALYSIS
A SWOT (Strength, Weakness, Opportunity and Threat) analysis will be used to
examine the suitability of NABERS and Green Star building rating schemes for SKM. A
SWOT analysis involves specifying the objective, and identifying the internal and
external factors that are favourable and unfavourable to achieving that objective. The
acronym SWOT is comprised of four sections:


Strengths: attributes of the organisation that are helpful to achieving the objective.



Weaknesses: attributes of the organisation that are harmful to achieving the
objective.
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Opportunities: external conditions that are helpful to achieving the objective.
Method



Threats: external conditions which could do damage to the business's
performance.

The objective of this SWOT analysis will be to identify which building rating scheme is
the most appropriate for SKM to help drive achievement of their KPI of a 30%
reduction in GHG emissions per capita.

3.2 QUANTITATIVE ANALYSIS
A quantitative assessment will be performed on existing data to determine SKM’s GHG
emissions. Data for energy, waste, water and travel has previously been collected
through Green Office Audits. This assessment will enable an estimate of SKM’s
environmental footprint within the Durack Centre to be made.

3.2.1 CALCULATIONS
The SKM GHG Emissions Accounting and Reporting Protocol FY 07/08 outlines the
process followed for calculating GHG emissions. This study will be based on the Perth
SKM office (Durack Centre), therefore this study will perform calculations on the
available data to determine emissions from the various sources.
The selected approach to calculating GHG emissions is through the application of
documented emission factors. These factors are calculated ratios relating GHG
emissions to a proxy measure of activity at an emission source. The emission factors
used will be from the SKM Supplementary Summary of Emission Factors 07/08. The
general equation used for emission estimates will be:
Emissions = Activity data x Emissions Factor

Eq (1)

The “Full fuel cycle emission factor” will be applied to the activity data. The full cycle
approach is described in the NGA workbook as “the full fuel cycle emission factor
which incorporates the quantity of emissions released per unit of energy for the entire
fuel production and consumption chain.”
Due to the available data being of a regional scale, the number of Full Time Equivalent
(FTE) staff within the Perth Durack Centre will be proportioned down from the
regional scale FTE staff to provide a realistic estimate of emissions per capita. GHG
emissions will be manually calculated for electricity, travel (cars and flights), waste and
water by utilising the equations set out in the NGA Factors Workbook. The base GHG
emissions will help to identify possible internal abatement opportunities for SKM
within the Durack Centre.
Reductions in Environmental Footprint
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3.3 INTERNAL ABATEMENT OPPORTUNITIES
A desktop study will be performed to examine, and identify, proposed and possible
abatement opportunities for GHG emissions. This study will examine the building
retrofit concepts proposed by SKM, and then investigate concepts used in other
successful building retrofits. This will identify opportunities and strategies where
Stockland and SKM could improve their proposed office upgrade, and will enable GHG
emissions to be examined in their effectiveness as a KPI.

3.4 GREENHOUSE GAS AS A KEY PERFORMANCE INDICATOR
A critical analysis will endeavor to identify how effectively environmental KPIs
represent sustainability, consequently resulting in a conclusion on whether GHG
emissions are a suitable KPI for a large consulting company to measure sustainability.

3.4.1 KPI ANALYSIS
A SWOT analysis will be used to examine the suitability of GHG emissions as a
sustainability KPI. This technique will be useful to identify both the internal and
external factors associated with the KPI of achieving a 30% reduction in emissions.

3.4.2 MULTICRITERIA ANALYSIS
A Multi‐Criteria Analysis (MCA) will then be performed to provide a ranking of the
performance of this KPI as a sole indicator for sustainability. MCA is a systematic, semi‐
quantitative approach to decision making, through the application of numerical
weightings to a set of criteria, to enable the net advantages and disadvantages of
alternatives to be assessed (SKM, 2008). The MCA will utilise SKMs current
sustainability KPIs as the alternative options. Through consideration of the options
performance against specified criteria, the MCA will result in a ranking for each
alternative option, allowing a decision to be made on whether GHG emissions are a
suitable KPI for a large consulting company.

Sustainability is a broad concept,

therefore considering GHG emissions as a sustainability KPI will help SKM seek
opportunities in which they can pass sustainability techniques on to external parties
such as suppliers and clients.

3.5 EXTERNAL ABATEMENT OPPORTUNITIES
The nature of SKM as a large consultancy provides it with opportunities to engage in
GHG abatement as clients and suppliers aim for sustainability within their projects. An
examination of opportunities will be undertaken, outlining how SKM has the ability to
influence and educate suppliers and clients in adopting GHG abatement methods.
20
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Sustainable sourcing will briefly be examined through the use of a SWOT analysis to
identify both internal and external factors related to its implementation. This SWOT
analysis will help to identify how SKM can implement sustainable sourcing into their
business, to increase both social and environmental performance.
A case study on a Rio Tinto Power Station will then be investigated to identify possible
opportunities SKM have in helping to provide sustainable development options. A
quantitative analysis will be undertaken in which estimates of embodied energy will be
used to obtain a total energy use (Gigajoules) for alternative power station options, for
the life of the project (25 years). This energy use value will then be converted to the
relevant carbon dioxide equivalent emissions. A range of carbon prices will then be
applied to these relevant emissions to obtain an approximate difference in total cost,
due to emissions.

Reductions in Environmental Footprint
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4 DATA LIMITATIONS AND ASSUMPTIONS
4.1 FULL TIME EQUIVALENT (FTE)
The FTE data was calculated by dividing the total number of hours worked in the
region, by 40 hours, then by 48 weeks. This gives an estimate of FTE employees within
the region. However, this data includes hours performed by casuals and contractors,
and also does not take into account the constant change in staff numbers. The FTE
employees will be used to determine the proportion of SKM staff working within the
Durack Centre. The calculated FTE employees within the Durack Centre will then be
used to estimate distances travelled by SKM staff based at the Durack Centre.

4.2 ENERGY
Energy data has been supplied by Stockland. The data has been collected from
individual metering devices on each floor. This data provides an accurate energy
consumption reading for SKM’s overall tenancy. The data has been recorded as kWh
per month.

4.3 WATER
The water consumption data has been supplied by Stockland. The data is presented as
kL per m2. The total volume of water consumed by the building has been divided by
the total number of square meters within the building. This measurement is not
specific to tenants nor is it measured through sub‐metering on each floor. Due to the
common value, it must be noted that SKM may actually be consuming less or more
water, than the calculated volume.

4.4 WASTE
4.4.1 PAPER
Paper volumes are recorded specifically for each region, as all orders are made and
recorded by administration. The equivalent weight of all paper purchased has been
determined along with the weight of recycled paper purchased. However, accurate
quantities of paper recycled after use has not been recorded for all recycling bins,
estimates have been recorded where possible.
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Paper is collected weekly, therefore to estimate one year of waste, the audit data was
multiplied by 52. This makes the assumption that the data is a good representative
sample of one week’s worth of waste, however it would have been ideal to collect three
or four samples of the paper bins to obtain an average volume. The audit data was
inconsistent as some paper bins had clearly not been collected in over a fortnight, and
therefore it can be assumed that the paper waste data is over estimated.
A significant volume of paper waste is not disposed of in the designated paper bins, it is
disposed of in general bins. This affects the overall emissions from paper and general
waste, therefore the emissions from paper purchased will be used.

4.4.2 GENERAL WASTE
General waste from desk side waste bins and kitchen bins are often co‐mingled with
food, paper, glass and plastic waste. All four categories have different emission factors
as outlined by the NGA Factors Workbook 2008. However, the GOA data were not
divided into the four specific categories, consequently the unknown composition
emission factor will be used. The audit data will be extrapolated to represent a period
of one year. General waste is collected daily, therefore the waste volume is multiplied
by 5 to represent a working week, then by 52 to represent the year.
Total waste will be a combination of both paper and general waste emissions. There
may be double counting in paper emissions, as paper disposed in general waste will be
accounted for by the unknown emission factor. However, this value would be minimal
and is considered insignificant.

4.5 TRAVEL
Travel figures were presented for the entire WA/NT region, not by individual office. An
estimate proportion will be calculated by utilising the FTE used for the WA/NT region
and the FTE determined for the Durack Centre. This proportion will then be applied to
the relevant distances and GHG emissions.

4.5.1 FLIGHTS
All flight distances contributing to this data are derived from those flights booked
through Bay Travel. It is more difficult to obtain specific details for flights booked
privately. This subsequently leads to an under estimate in the distance travelled via
plane. The distances used for each flight are only estimates, as planes take different
routes depending on relevant weather conditions, consequently using varying amounts
of fuel and emitting different volumes of GHG.
Reductions in Environmental Footprint
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4.5.2 CARS
GHG emissions related to cars are determined in this case via kilometers travelled. As
all cars use different volumes of fuel per kilometer, many assumptions are therefore
made in terms of fuel consumption per kilometers travelled. The types of cars used
within the business and the associated assumptions are listed below:


Company owned car – Scope 1 emissions ‐ provide accurate details on distance
travelled due to a log book and the relevant volumes of fuel and fuel type used due
to company fuel cards.



Hire, Lease and Novated cars – Scope 3 emissions ‐ distance or fuel not accurate
unless data is obtained by recording manually, through a hire company or receipts
are kept.

Due to a significant amount of estimates, along with relying on manual data collection,
the distance for cars travelled is assumed to be underestimated.

4.6 EXTERNAL ABATEMENT OPPORTUNITIES
The construction and decommissioning embodied energy values, are estimates scaled
down from a 450MW gas‐fired power station (Meier and Kulcinski, 2000). These values
represent embodied energy within materials, it excludes energy used by labour. The
combined cycle gas turbine power station is assumed to have 20% higher construction
and decommissioning values due to the increased quantity of materials.
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5 RESULTS AND ANALYSIS
5.1 BUILDING RATING SCHEME ANALYSIS
The objective of this SWOT analysis was to identify which building rating scheme is the
most appropriate for SKM to help drive achievement of their KPI of a 30% reduction in
GHG emissions per capita.
Table 51: SWOT analysis of the Green Star Rating System in relation to SKM.

Internal
Factors







External
Factors

Helpful (to achieving objective)

Harmful (to achieving objective)

Strengths

Weaknesses

Design‐based approach.
Various categories:
management, indoor
environmental quality, energy,
transport, water, building
materials, emissions and
innovation.







Ratings determined by
comparing design to objectives.

Overall impact of building.
Managed by Green Building
Council Australia (GBCA).
Opportunities



Restricted in ability of
application to retrofit buildings.

Use a Green Star certified logo.
Ability to assist in building
design process.

Threats
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No specialised tenancy tool.
Constantly upgrading rating
system.
Establishment of other
programs/competition (ie.
NABERS, CitySwitch).
Companies building new
buildings take higher
preference.
Rapidly changing technology.
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Table 52: SWOT analysis of NABERS rating system in relation to SKM.

Internal
Factors






Harmful (to achieving objective)

Strengths

Weaknesses

Performance based approach.



Focused on reducing GHG
emissions.



Based on actual building
performance.





Tenant rating tool.



Commitment Agreement.





External
Factors

Helpful (to achieving objective)



Incorporates previous AGBR
rating.





Requires detailed data
collection.
Restricted by rating of only the
base building.
12 month period to obtain
rating.

Managed by DECC.
Threats

Opportunities


Only energy and water rating
tools are available at present.

Reduce waste through waste
rating tool.



Increase the indoor
environment rating.



Use a certified NABERS rating
logo.



Establishment of
programs/competition (ie.
Green Star, CitySwitch).
Companies rushing to gain
accreditation.
Rapidly changing technology,
lead to changing benchmarks
in future.

The SWOT analyses performed identified that the NABERS performance rating system
appears to carry more strengths and opportunities in terms of reducing GHG emissions
for SKM, than that of the Green Star program. NABERS unique tenancy tool makes it
well suited to tenants in office buildings, as it is designed to incorporate the base
buildings rating and incorporate this when calculating a rating for the tenant. The
opportunity to integrate the remaining rating tools; will provide a rating on all relevant
aspects of GHG emissions within a consulting company and help identify areas where
improvement is needed.
The strength of NABERS is also represented by comparing data to benchmarks; instead
of objectives. NABERS makes it easier to identify improvements as it is represented
quantitatively. This also prevents tenants from achieving higher ratings than their
actual performance. To maintain the given rating, an annual report must be presented
as part of the commitment agreement to the program.
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5.2 FULL TIME EQUIVALENT (FTE)
There are 711 FTE staff within the WA/NT region. This value includes hours completed
by casuals, contractors, full time and part time employees. The Global Headcount per
office data indicates there to be 1641 staff within the WA/NT region, however, this
value includes all offices and joint ventures. It was noted that the Perth office recorded
a headcount of 991 people. Therefore, the Durack Centre contains 60.4% of the staff
within the WA/NT region. Transferring this proportion onto the FTE staff for the
region, Durack Centre contains an estimate of 430 FTE staff (refer Appendix C –
Calculation A.4‐1).

5.3 ENERGY

Figure 51: Monthly electricity consumption for SKM floors within Perth Durack Centre.

Reductions in Environmental Footprint
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.
Figure 52: Total monthly electricity consumption for SKM within Perth Durack Centre
and Perth’s mean temperature.

The monthly electricity consumption for SKM within the Durack Centre fluctuates in
the range of 40,000kWhs to 80,000kWhs. The total annual electricity consumption for
SKM within the Durack Centre from April 2007 to April 2008 was 810830kWhs.
Therefore, energy related GHG emissions for SKM total 794.6t CO2-e or 1.85t CO2-e per
capita (refer Calculation A.4-2).
The Figures 5‐1 and 5‐2 above, illustrate the electricity consumption for SKM within
the Durack Centre. Large fluctuations can be noted across many of the periods. The
most significant decrease is that across the December‐January period, this is due to the
Christmas holidays and SKM closing down for two weeks, along with a number of staff
taking annual leave before and after this period.
Energy consumption is minimal on level 2 as SKM occupied only a minor section during
2007 and 2008 whilst level 7 features the highest electricity consumption. This can be
accounted by the fact that level 7 contains SKM’s Information Technology (IT) section,
which services all SKM offices in Perth. The IT section contains numerous computers
and servers which account for the high energy consumption of the level.
Level 4, 5 and 8 have a similar magnitude of consumption, whereas the ground level,
level 9 and 10 have slightly lower magnitude of consumption. This may be attributed to
the average number of staff on the floor per square meter or the number of computer
monitors per staff (ie. Spatial analysis section on level 4 have 2 monitors/person).
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The temperature follows the typical summer‐winter trend, reaching its minimum in
winter and increasing to its maximum in summer, a trend following the temperature
cycle was expected for electricity consumption.

5.4 WATER
The total water consumption (TWC) in SKM’s proportion of the Durack Centre was
calculated to be 8222.51kL (refer to Calculation A.4‐3). SKM’s water consumption in
the Durack Centre was approximated to be 1.113kL/m2/yr, this rates SKM as 2 stars in
the NABERS water rating system.
An estimate water flow chart was created, based on percentage values of water use in
an office building, outlined by the Department of Environment and Heritage (DEH).
Domestic
Supply
100%
8222.51kL

Source

Operation
Leaks
26%
2138kL

Sink

Amenities
37%
3042kL

Cooling
Towers
31%
2549kL

Other
5%
411kL

Irrigation
1%
82kL

Sewage
3759kL

Figure 53: Estimate water flow diagram for SKM in the Durack Centre.

The data presented in Figure 5‐3 are based on the following assumptions:
• No loss from amenities or other;
•

88% of cooling water evaporates; and

•

All three waste streams flow into sewage.

The energy intensity of domestic water supplied to Perth for 2006/2007 was
1.06kWh/kL as provided by the Water Corporation (Down, 2008). This value can be
converted to a carbon equivalent of 1.04 kg CO2‐e/kL (refer to Calculation A.4‐4).
Therefore, SKM consumed 8222.51kL during a 12 month period in 2007‐2008, the
associated GHG emissions are 8.55t CO2‐e or 0.0198t CO2-e per capita (refer to
Calculation A.4‐5).
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5.5 WASTE
5.5.1 PAPER
The total paper purchased for the Durack Centre was estimated to be 17812kg. GHG
emissions of paper purchased for the Durack Centre was calculated to be 44.53t CO2‐e
(refer to Calculations A.4‐6).
The paper waste audit recorded 366.25kg for one week within the Durack Centre.
Extrapolating this data to determine an annual weight results in 19045kg of paper
waste. The associated paper waste emissions are calculated to be 47.6t CO2‐e (refer to
Calculation A.4‐7).
This value was calculated to show the relevant emissions from paper if not disposed
appropriately. Paper waste is noted to be higher than that of the paper purchased for
the Durack Centre, this indicates the waste audit data collection sample may not
accurately represent the whole calculation period.

5.5.2 GENERAL WASTE
General waste from the office building consists of food, glass and plastics wastes. Total
waste, estimated from the waste audit, was calculated to be 31.75kg/day. However,
this waste contained 8.3kg of recyclables. The remaining was of unknown composition.
Extrapolating the waste data to an annual figure results in 8.2t waste per year.
Converting this value to GHG emissions, using the unknown composition emission
factor, equates to 13.7t CO2‐e (refer to Calculation A.4‐8).
The total GHG emissions of waste incorporates the maximum possible emissions from
paper purchased and general waste. Therefore, the total waste related GHG emissions
equals 58.23t CO2‐e or 0.135t CO2-e per capita (refer to Calculation A.4‐9).

5.6 TRAVEL
Travel data, including flight kilometres and car kilometers, are detailed below along
with associated emissions factor and equivalent GHG emissions.

5.6.1 FLIGHTS
The total distance travelled in the WA/NT region durin the Financial Year (FY)
2007/2008 equals 6,376,462 kms.
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This figure does not take into account the SKM Group distribution, and it is based on
784 FTE. Therefore, to determine the estimated distance that SKM employees at the
Durack Centre travelled, a proportion of FTE employees at the Durack Centre was used.
The total GHG emissions related to travel are 452.4t CO2‐e (refer to Calculation A.4‐10).

5.6.2 CAR
The car and fuel used by SKM are listed below along with the associated distance
travelled for a 12 month period across 2007 and 2008.
Table 53: Car and fuel types with associated annual distances travelled.
Car/Fuel type
Pool Cars
Diesel
Petrol
LPG
Short Term Rental
Long Term Rental
Novated / private car for business purposes

Kms Travelled
68,737
256,293
28,006
298,312
136,432
316,741

The SKM supplementary summary of Emission Factors FY 07/08 lists the associated
Emission Full Cycle Factors (kg CO2‐e / km travelled) as:


Petrol = 0.283



Diesel = 0.363



LPG = 0.299

The resulting GHG emission due to car travel, associated with the Durack Centre is
calculated to be 175.2t CO2‐e (refer to Calculation A.4‐11).
Total GHG emissions resulting from travel is equal to 627.6t CO2‐e or 1.46t CO2-e per
capita.

5.7 ENVIRONMENTAL FOOTPRINT
The environmental footprint is a collation of the data and emissions. The footprint is
quantitatively represented in Table 5‐4 as the total emissions.
Table 54: SKM GHG emissions and associated source.

Building

Operational

Source
Energy
Water
Waste
Travel
Total
Total/capita

Reductions in Environmental Footprint

GHG Emissions (t CO2‐e)
794.6
8.550
58.23
627.6
1488.98
3.5

Contribution
53.36%
0.570%
3.910%
42.15%
100%
0.23%
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It is evident that energy and travel are the major sources of GHG emissions for a large
consulting company, comprising a total 95% of GHG emissions. Waste and water are
significantly smaller, comprising only 3.91% and 0.57% respectively. Energy is noted
to compose 92% of the building related GHG emissions.
The total annual environmental footprint was calculated as 1488.98t CO2‐e, this
equates to 3.5t CO2‐e per capita across FTE staff within the Durack Centre.

5.8 DIRECT ABATEMENT OPPORTUNITIES
Increased research and development in the field of green sustainable buildings has
rapidly produced technologies and strategies suitable for the inner city office building.
SKM and Stockland have the ability to utilise these technologies and strategies
throughout the retrofit to reduce their environmental footprint and to achieve a high
building rating and performance. Suitable technologies and strategies applicable to
SKM and Stockland are outlined below.

5.8.1 EDUCATION
To maintain and improve the performance rating of SKM and the Durack Centre,
education of staff is essential. Simple education on efficient energy, water and paper
use can help to decrease resource consumption significantly. The installation of water
saving or energy efficient technologies can only achieve savings of their capacity, the
remaining savings must be due to behavioural change. Simple education seminars and
emails can be distributed throughout SKM to help influence efficient behaviour of
employees.

5.8.2 ENERGY
A possible option for SKM and Stockland is to install solar panels on the roof to help
offset energy consumption. The Durack Centre has approximately 500m2 available roof
space. This area is sufficient to install an 80kW solar photovoltaic system, this size
system has the potential to produce up to 400kWh/day (144MWh/yr), saving
approximately 141.3t CO2‐e GHG emissions per year. The advantage of solar panels is
that energy can be fed back into the main grid on weekends, when the office is not
occupied, thereby offsetting energy use and lowering the expenditure on electricity.
Desktop computers are a major contributor to office energy consumption. The
conversion of all desktop computers to laptops, can yield savings of up to one tenth of
the existing consumption (Sustainability Victoria, 2008), consequently reducing
emissions by up to 79t CO2‐e per year.
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Heating, Ventilation and Air Conditioning (HVAC) systems can account for 70% of
energy consumption and up to 40% of an office buildings water consumption (SEDO,
2005). Through maximising the efficiency of the HVAC system, savings can be achieved
in both energy and water emissions. The HVAC system throughout the Durack Centre is
approximately 21 years old. The design and installation of an appropriate HVAC
system will reduce the payback period, and increase the life cycle of the system. Over
or under sizing of the system will lead to the system being constantly over or under
loaded, thus reducing its efficiency and increasing energy and water costs.
Technological options available, designed to maximise HVAC efficiency are:


Heat pumps



Ceramic fuel cells



Natural gas air conditioning



Decoupled chilled water circuits



Heat recovery



Air cooled chillers



Variable air volume (VAV)



Chilled beams

These options can be used individually or integrated together. Each option has
advantages and disadvantages, thus planning and designing the system to utilise the
most efficient options applicable to the office will yield substantial savings. Assuming a
new HVAC system will be 30% more efficient, this would not only result in an
increased thermal performance of the building but would reduce the buildings energy
GHG emissions by up to 167t CO2‐e per yr. Furthermore, additional options to achieve
increases in the thermal performance of the building and to help reduce energy
consumption would be to upgrade window glazing, shading and insulation.

5.8.3 WATER
Reductions in water demand and consumption can be achieved through the
diversification of the buildings water sources. Diversification options include rainwater
harvesting and water recycling through wastewater treatment. Rainwater can be
captured from the roof and stored in the lower levels. Up to 1003kL of rainwater could
be captured annually (refer to Calculation A‐12), this would save approximately 1.04t
CO2‐e GHG emissions. Rainwater can be used as an integrated potable source
throughout the building, supplying cooling towers, showers and kitchens.
The AquaMiner is a wastewater treatment system used in many office retrofits
including Council House 2 in Melbourne. The AquaMiner utilises a dual membrane
system to treat wastewater to exceptionally high quality (Class A) reuse water
Reductions in Environmental Footprint

33

(WasteTechnologies, 2008). SKM consume approximately 35kL/day, therefore a
35kL/day system similar to that installed at Flemington Racecourse would be suitable.
The advantage of AquaMiner is that the system is connected to the sewer to provide a
constant slow water feed, then wastewater from SKM can simply supplement this flow.
As sewer water is generally made up of 95% water (WasteTechnologies, 2008),
AquaMiner attempts to maximise the recovery (~65%) of this water (Garman, 2008). A
minimum of 54kL is required to be pumped to acquire 35kL of Class A water. Any
remaining effluent is diverted from the system back into the sewer to be treated at the
wastewater plant. This system has the potential to supply all non‐potable water needs
such as toilet flushing, cooling water and irrigation thereby reducing the water demand
by up to 50%.
The cooling tower also accounts for a significant amount of total water consumption.
Cooling tower efficiencies can be improved by regular operation and maintenance
checks. The installation of flow meters can be used to help identify any irregularities in
the operation of the cooling tower, to ensure they are examined as soon as possible.
This will help to reduce any surplus water use; because inefficient operation or leaks
are identified. The use of rainwater or treated wastewater as make‐up or blow‐down
water would instantly reduce the water demand of the cooling towers.
An example of a possible water flow diagram, for the Durack Centre is illustrated in
Figure 6‐1. This diagram includes the addition of rainwater harvesting and wastewater
treatment.
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Figure 54: Durack Centre proposed water flow diagram.

To obtain a minimum 4 star rating, SKM would have to consume no more than 4506kL
per year. It is seen that rainwater helps supplement the initial potable water supply.
Once the water has passed through the operations it is either consumed or passes
through to the treatment stage. A 20% reduction in leaks has been achieved through
the installation of sub‐metering on the amenities blocks and cooling towers. A feedback
loop can be created as treated wastewater is recycled back through non‐potable
sources, with a total of 46% recycled back through the system. Wastewater treatment
and recycling of water will reduce the demand of potable water significantly,
consequently reducing the environmental footprint of SKM’s Durack Centre.
If using the annual volume of wastewater produced from SKM, the energy required to
treat the water would be a minimum of 4771.5kWh. When compared to emissions from
mains water, this system on average has slightly higher emissions, however with
correct integration of renewable energy supplies, this system can be carbon neutral.

5.8.4 WASTE
As established earlier, education on correct disposal of waste within the office is SKM’s
biggest opportunity to reduce GHG emissions from waste. Behaviour change is the
hardest obstacle to overcome when working towards sustainability. Once overcome,
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correct waste disposal should become common practice. If correct disposal methods
were chosen for paper, recyclables and compostable waste, SKM would reduce
emissions by helping to close the waste loops.
Paper purchased should consist of 100% recycled paper, and paper use could be
decreased by an estimate of 10% (4.45t) through simple education and behavioural
change. Implementation of these options could reduce GHG related paper emissions to
zero if all paper purchased and paper waste is recycled appropriately.

5.8.5 TRANSPORT
Reductions in emissions from car transport could be reduced by converting all
company owned cars to LPG or to hybrid cars. This conversion would instantly reduce
emissions, as LPG has a lower emission factor. When hiring or leasing cars, it should be
encouraged to hire new environmentally friendly or Greenfleet approved cars where
possible.
Many projects SKM work on involve significant amounts of transport. As part of project
planning meetings, sustainability should be incorporated as part of the planning
process. This should include creating a sustainable transport strategy throughout the
life cycle of the project. The sustainable transport strategy would aim to identify
unneeded travel and examine strategies to reduce the number of trips (ie. fly in‐fly out)
where possible. Through incorporating sustainability into the project, it will lead to
decreased emissions due to travel. A reduction of up to 10% in travel GHG emissions
would be a realistic goal and would provide significant cost savings.
Table 55: Summary of direct abatement opportunities.

Subject
Energy





Water




Waste




Travel
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Staff education
HVAC upgrade
Improved metering

Summary
 Solar panels
 T5 Lighting
 5 star rated appliances

Staff Education
 Improved metering
Rainwater harvesting
 Wastewater treatment
Staff Education
 Composting
100% recycled paper
Staff Education
Implement sustainable transport strategies into project planning
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5.9 KEY PERFORMANCE INDICATORS (KPI)
5.9.1 SWOT ANALYSIS
This SWOT analysis was performed to identify the key factors that enhance or prohibit
the suitability of GHG emissions as a KPI for SKM.
Table 56: SWOT analysis of GHG as a KPI.

Internal
Factors










Helpful (to achieving objective)

Harmful (to achieving objective)

Strengths
Reduce emissions.
Reduce footprint.
Save money.
Employee satisfaction.
Knowledge base.
Supportive staff.
Marketing tool.
Brand image.

Weaknesses
Initial capital.
Payback period.
Behavioural change.
Restricted in ability to retrofit
buildings.
Three year target, leading to
hurried decision making.
Disruptions to employees (ie.
retrofit).
Slow implementation of new
systems and processes.
Data collection and reporting.
Large volume of transport
required both flight and cars.
Threats
Increased competition as leader
role as all companies seek to
reduce emissions.
Do not achieve global goal.
Building owners (Stockland) not
willing to be innovative.
Implementation delays.
New technology in future.
Lack of employee commitment.
Loss of key staff due to current
market.
Clients, suppliers not sustainable.















External
Factors











Opportunities
Global leader.
Set standard.
Walk the talk.
Support core business strategy.
Educate community.
Influence clients.
Obtain new ‘sustainable’ client
relationships as clients seek
sustainable solutions.
Be first engineering consulting
company to achieve corporate
wide reductions.













The strengths and opportunities outlined in the SWOT analysis focus on the benefits
for SKM in response to reducing GHG emissions. Direct strengths such as saving money
and creating a marketing tool can yield significant advantages. Furthermore,
opportunities such as becoming recognised within the industry for sustainability, and
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passing sustainability on through clients and suppliers can help to support both the
social and environmental performance of SKM.
Financial factors and behavioural or process changes were identified as weaknesses
associated with using GHG emissions as a KPI. Financial issues involve the initial capital
required for implementing any GHG reduction measures, along with the associated
payback period. Behavioural change is required to help reduce GHG emissions, the
weaknesses occur as there is often slow implementation of processes and inadequate
data collection and recording. However, these issues can be addressed by gaining staff
commitment to the KPIs and becoming sustainability focused. In addition, associated
threats include the increased competition to be recognised as a leader, the restrictions
of being a tenant, and the continuous development of new sustainable technologies.

5.9.2 MULTICRITERIA ANALYSIS
MCA is used to determine a rating of how effective GHG accounting is for sustainability.
The options A‐D listed below are the sustainability KPIs listed in SKM’s 2008 strategic
plan. This MCA analysed how well each of these KPIs perform against SKM’s
sustainability strategy, and against recommended environmental KPI objectives. A
weighting of 1(low) to 5 (high) was assigned by consideration of current and future
benefits and contributions of the criteria versus option. Ultimately, a total possible
score out of 35 represents how effective the KPI is for achieving sustainability.
Option
A
B
C
D
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KPI
SKM KPI 30% reduction in GHG emissions.
Ensure all of our Relationship Clients have a commitment to Sustainability.
70% of staff attend sustainability awareness program by end of 08/09.
2009 client survey indicates SKM ranks 4/5 positive responses for
commitment and leadership in sustainability.
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Table 57: Multi Criteria Analysis on GHG as a KPI.

Option Performance
Criteria

Weight

A

B

C

D

5

3

2

4

4

5

1

3

3

4

5

4

3

4

4

SKM Strategy
We can make a difference and leave a
positive legacy on this stressed world
Our clients and our communities need
our help, and we are in a powerful
position with appropriate skills and an
ability to foster innovation
To provide sustainability in all the work
we do
To create a work environment that our
people want to belong to
KPI
Save money and thus increase profits

5

4

1

3

2

3

2

2

2

1

Use resources more efficiently

4

4

3

3

3

Minimise waste

4

4

3

4

3

Prevent pollution

4

4

4

3

4

Total

35

26

21

26

25

The MCA identifies Option A and C (totals 26/35) as being the most suitable KPIs for
SKM to move towards sustainability in relation to SKM’s sustainability strategy and KPI
goals. Option D follows closely in its effectiveness of helping SKM work towards
sustainability. It is evident that Option A satisfies many of the internal related criteria,
but was not so applicable when clients are involved. This illustrates that reducing GHG
emissions independently, will not create a sustainable solution and the diversification
of KPIs is critical to success. This analysis highlights that supporting KPIs are essential
when working towards achieving sustainability.

5.10 EXTERNAL ABATEMENT OPPORTUNITIES
To deliver sustainable services SKM must be able to provide sustainable development
options to suppliers and clients. A SWOT analysis was performed to identify both
internal and external factors that will result from the adoption of sustainable sourcing.
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Table 58: SWOT analysis of sustainable sourcing.

Internal
Factors












External
Factors







Helpful (to achieving objective)

Harmful (to achieving objective)

Strengths
Minimise risk.
Reduced consumption.
Increase environmental and
social performance.
Increase productivity, profit and
growth.
Improve product quality and
delivery.
Cost reductions.
Strategic view of supply chain.
Opportunities
Increase brand image.
Promotion of sustainable project
delivery process.
Ability to be selective.
Include ‘Relationship Clients’ as a
partner in the supply chain.

Weaknesses
Can become complex when
considering all levels of the chain.
Lack of internal communication
to share knowledge of
sustainable suppliers.
May be time consuming in the
beginning to source sustainable
suppliers.

















Threats
Competitive to obtain, may
become a limited market.
Some services may initially need
to increase in price due to
becoming sustainable.
Lack of communication from
supplier.
No supplier can meet the set
standards.
May lose relationships with small
firms as they lack the resources
to be competitive.

The SWOT analysis highlights factors attributed to the implementation of sustainable
sourcing within SKM. Strengths and opportunities associated with the implementation
of sustainable sourcing are attractive to a company in that sustainable sourcing can
reduce risk and resource consumption as well as increasing both environmental and
social performance. These factors can also help to increase brand image through
promotion of a sustainable project delivery process. However, threats and weaknesses
included with sustainable sourcing involve increased competition and the lack of
communication both internally within SKM and externally with the supplier. SKM has
the ability to pass the benefits of sustainable sourcing on to clients through sustainable
services.
A Life Cycle Assessment (LCA) and Cost Benefit Analysis (CBA) (refer to Table 5‐9) was
applied to the Rio Tinto case study to help determine when the alternative power
station options become economically equivalent. The LCA estimates the embodied
energy of the construction, operation and decommissioning stages of the options to
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result in a total lifetime embodied energy. The embodied energy total was then
converted to a carbon equivalent to represent GHG emissions. A range of carbon prices
were then applied to these emissions and the total cost of emissions for both the OCGT
and CCGT power station options were calculated.
Table 59: Embodied energy and associated carbon cost estimates for the Rio Tinto
Coastal Power Station options.

Capital Cost ($m)
Construction (GJ)
Operation (GJ)
Decommissioning (GJ)
Total (GJ)
Total (t) CO2

OCGT
514
245867*
1.18246E+8
66872.75*
1.18558E+8
2751742.1

Cost at Carbon Price ($/t)
20
30
40
50
60
100
125

CCGT
617
270453.7*^
1.00211E+8
80247.3*^
1.005619E+8
2001267.0

Difference
103
‐24586.7
1.80349E+8
‐13374.6
1.79970E+8
750475.1

Total Cost ($m)
55.0
82.6
110.1
137.6
165.1
275.2
344.0

40.0
60.0
80.1
100.1
120.1
200.1
250.2

15.0
22.5
30.0
37.5
45.0
75.0
93.8

*scaled down from 450MW Gas Fired power Station
^assuming CCGT approximately 20% larger than OCGT

It is evident that the OCGT power option features a higher embodied energy due to
having a lower operating efficiency, however the construction and decommissioning
embodied energies are lower than that of the CCGT option. Due to higher operating
efficiencies of the CCGT option the operational energy recorded is significantly lower,
consequently the CCGT emission savings are greater by over 27%.
The associated carbon cost due to the difference in emissions from the two power
generation options range from $15 million to $93 million with carbon prices ranging
from $15/t ‐ $125/t CO2‐e respectively.
The results show that to offset the difference in capital cost, the carbon price would
have to be in excess of $125/t of CO2‐e. Current analysts suggest the carbon price to
begin at $20/t and increase annually with inflation (Garnaut, 2008). Therefore the only
possible way of achieving such a high cost of carbon would be through the introduction
of the carbon trading scheme. This LCA shows that the difference in capital cost
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between the two options outweighs that of the savings from installing the CCGT,
therefore at present the lower capital cost has more influence than the future cost of
carbon.
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6 DISCUSSION
6.1 ENVIRONMENTAL FOOTPRINT
The environmental footprint of SKM’s operations within the Durack Centre equates to
1488.98t CO2‐e. It is evident that the footprint can easily be reduced through adopting
and implementing technologies and strategies outlined in Section 6. Total reductions
that could be achieved if these opportunities were adopted are represented in Table 7‐
1.
Table 61: Total GHG (t CO2e) reductions possible.

Related

Source

Current

Possible

Difference

Reduction

Building

Energy

794.6

421.3

373.3

46.9%

Water

8.550

4.700

3.850

45.0%

Waste

58.23

5.600

52.63

90.4%

Travel

627.6

564.84

62.76

10%

Total

1488.98

996.44

492.54

33%

Per capita

3.50

2.31

1.19

33%

Operational

An integrated energy, water and waste system that supplements and supports the
requirements of each resource, will result in direct emission savings. For example,
installing solar panels on the roof has the ability to serve two purposes. To supplement
energy demand, but also offset the wastewater treatment system and the energy
required for pumping water throughout the building. It is seen that reductions of up to
492.54t CO2‐e are possible for the overall environmental footprint, which is equivalent
to a 33% reduction from initial estimates.
Potential building related reductions are seen to be the largest, with a reduction of up
to 50% in GHG emissions possible. Operational emissions from travel are harder to
reduce, it is assumed that a 10% reduction can be achieved through behavioural
change, strategic planning and video conferencing. The total of these direct emission
reductions exceed the corporate goal of reducing the GHG emissions per capita by 30%.
In order for SKM to achieve and be recognised for a reduction in emissions, the
company must identify which building rating scheme is best suited to their situation
and adhere to the standards and guidelines set by the scheme. The Green Star and
NABERS rating schemes are each unique, and consequently they have the ability to
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complement each other if applied appropriately. The Green Star rating scheme is
tailored to the design and fit out of an office, therefore in the initial design stage of a
building or retrofit, Green Star sets the standards to obtaining an initial base rating.
Then NABERS has the ability to complement this rating by producing a performance
rating as a consequence of the design or retrofit. SKM adopting both Green Star and
NABERS rating schemes will be beneficial to achieving and maintaining a sustainable
performance.
As companies strive to increase their sustainability performance, building ratings will
become increasingly important. In accordance with this surge in obtaining a NABERS
rating, emission saving strategies and technologies will improve. The accredited rating
will then be seen as common practice, thus further improvements will be sought after.
Consequently, the rating systems will have to advance to reflect the associated changes
in technology. This will force companies to constantly seek improvement. Companies
that do not aim to achieve an initial high star rating may find it difficult to maintain
accreditation without significant expenditure on upgrades.
As outlined in Table 7‐1, GHG emissions from electricity consumption account for
794.6t CO2‐e or 53% of SKM’s emissions within the Durack Centre. Through strategic
and effective implementation of the proposed technologies, significant improvements
in energy performance will be achieved. A Building Management System (BMS) will be
installed by Stockland during the retrofit. The BMS will include upgrading the air
conditioning controls and zoning, therefore all meeting rooms will have timed or
sensored air conditioning to combat unnecessary energy consumption.
An open floor design is planned to reduce the dependence on lighting within the office.
In accordance with the Green Star standards, the majority of desks will be situated
within 8 meters of the windows, maximising natural light use, whilst meeting rooms
that require less light will be situated towards the middle of the floor. This strategic
layout will reduce the hours of energy being consumed by unnecessary lighting (SEDO,
2005).
The building retrofit will feature the installation of new T5 fluorescent lighting. T5
lighting is brighter yet has lower energy consumption than traditional fluorescent
lighting (DEH, 2007). The installation of zoned and sensored lighting across the floor
will contribute in part with air conditioning to reduce electricity consumption. In
addition, energy star rating appliances and machines (ie. photocopiers) which have
sleep mode capabilities should have these features enabled. This ensures appliances
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are not idling on standby, consuming unneeded power and creating heat in which the
air conditioner has to work harder to maintain efficient thermal performance (SEDO,
2005).
In order for SKM to achieve a minimum 4 star rating, a reduction in water consumption
to at least 0.61kL/m2/yr is required. A reduction of this magnitude would decrease
emissions attributed to water use from 8.55t to 4.7t CO2‐e. To achieve a high star rating
it is compulsory to install an effective metering system (DEH, 2006). Metering helps to
identify leaks, as leaks go unnoticed due to poor metering and are a major source of
water consumption. The building retrofit by Stockland will address the metering and
current water use issues, to help reduce the demand on water. This will be achieved via
installation of low flow taps and showerheads, with the integration of waterless urinals
and water efficient appliances throughout the building.
Waste contributes 3.9% to the environmental footprint, a large decrease in paper use
will contribute to a decrease in associated GHG emissions. Furthermore, it was
established that the calculated paper waste volume exceeded the volume of paper
purchased. This is not possible, unless paper from personal notebooks or packaging
have been disposed in the recycling paper bins to account for this excess paper. This
suggests the presence of errors within the audit sample data, resulting in an over
estimate of paper waste.
Another issue is paper being placed in normal waste bins (non‐recyclable) or the paper
bins being contaminated with non‐recyclable waste. Currently, signs are placed above
all relevant bins, and education would aid to minimise the risk of contamination. The
waste bins that go to landfill were found to be composed of 26% contamination, if
these wastes were disposed of appropriately through education, recycling and
composting, SKM could reduce their general waste emissions from 13.7t to 5.6t CO2‐e.
The total GHG emissions for travel within the SKM Perth office came to 627.6t which
contributed 42% to the total emissions. In order to reduce emissions, travel needs to
be considered in all aspects of a project, to minimise unnecessary travel and associated
emissions. Strategic planning and consideration of travel is likely to have the potential
to decrease travel related emissions by 10% to 564.84t CO2‐e (1.31t CO2‐e per capita),
this would contribute considerably to achieving the KPI of a 30% reduction.
There is no set criterion or process to assess whether a KPI is suitable, however critical
analysis of the KPI, can help to determine the reason for implementation. The KPI, to
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achieve a 30% reduction per person by 2011 is stated to directly support the corporate
goal and sustainability strategy. GHG emissions can be measured quantitatively, and
reductions will provide many benefits to SKM. However, sustainability is a diverse
concept and is limited in ways that it can be measured. Implementation of an indicator,
that will not only help to encourage sustainability as a process, but will provide a
measurement of GHG reductions, will be beneficial to SKM. The ability to see the
reductions achieved through implementation of abatement technologies and strategies
will help to increase both social and environmental performance.

6.2 EXTERNAL GREENHOUSE GAS ABATEMENT OPPORTUNITIES
Sustainable sourcing is aimed to increase the environmental and social performance of
both SKM and their suppliers and is part of creating a sustainable process for project
delivery. Sustainably sourced products and services can be passed on to clients,
resulting in sustainable delivery of a project from start to finish. Suppliers will have to
outline their commitment to sustainability through satisfying sustainability criteria and
measures in the Supplier Code of Conduct, Category Standards, Contracts and Tender
Processes (SKM, 2008).
Effective utilisation of sustainable sourcing will encourage suppliers to identify GHG
abatement opportunities. This will lead to higher efficiencies and consequently reduce
the embodied energies within supplier’s products and services.
SKM not only has the ability to encourage suppliers to reduce emissions, but also their
clients. SKM can outline sustainable development options to clients from the
foundations of a project and can help evaluate options through the use of LCA and CBA
tools, which consider delivering a sustainable project with an outlook for the future. An
example of a LCA and CBA was applied to the Rio Tinto power station case study.
Rio Tinto is to build a new power station on the Pilbara coast, west of Karratha to
support their port and mine operations. The existing steam turbine power stations at
Cape Lambert and Dampier are insufficient to satisfy power demand to the rapidly
expanding operations. The new power station will be situated at the Dampier 7 mile
area and will exist of four open cycle natural gas turbines (OCGT) initially, and then
increase to six turbines to provide 240MW electricity.
The alternative option is the installation and operation of combined cycle gas turbines
(CCGTs) in place of the OCGTs. Generally, the initial capital cost difference between an
OCGT and CCGT is approximately 20% (Ilex Energy Consulting, 2004) or $103m in this
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case. CCGTs present possible emission abatement opportunities in relation to OCGTs.
CCGTs produce more electricity from less natural gas, by using exhaust gases from a
first cycle of generation to drive a separate generator. This results in greater
efficiencies and cost reductions in the electricity production process, with
corresponding environmental and economic benefits.
It is evident that the CCGT emission savings are greater as the efficiency is higher. The
associated carbon cost due to the difference in emissions is substantial, it ranges from
$15 ‐ $93 million with carbon prices of $15‐ $125/t CO2‐e respectively. Therefore, this
indicates that installation of the CCGT does not become economically equivalent until
the carbon price exceeds $125/t CO2‐e.
Table 5‐7 illustrates that the introduction of a carbon price at present has minimal
influence on an emitter of such large magnitude. The proposed structure of the carbon
cap and trade scheme provides minimal incentive for companies to uptake sustainable
technologies at present, as any reductions in emissions before the implementation of
the carbon scheme in 2010 are not recognised. Rio Tinto have however designed the
power station to be converted to a CCGT in the future, which will give them an instant
reduction in emissions, which if undertaken in the future (post 2010) will count
towards their emission reductions. Due to the initial difference in capital cost of the
power stations, the estimated embodied energy and associated carbon cost does not
justify the installation of a CCGT at present.
As carbon price increases and companies carbon caps reduce in future years, the
upgrade in technology will become increasingly viable. SKM can help identify the
possible benefits, through the use of a specifically designed tool. The tool should
incorporate an expanded life cycle assessment and cost benefit analysis, with a
particular focus on including embodied energy, future carbon costs and social factors.
Clients will place increased importance on satisfying and achieving emission targets, so
through use of this tool, SKM has the ability to assist with this process.
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6.3 SUMMARY OF FINDINGS
Table 62: Summarised findings of this study.

Source
Building rating
schemes

Conclusions


NABERS is tailored to suit tenants.



Green Star is primarily design based ratings.



Environmental
Footprint



Total = 1488.98t CO2‐e, Per capita = 3.5t CO2‐e



Tenants are restricted by the building owners (ie. Stockland).



Energy

Largest contributor to environmental footprint 794.6t CO2‐e (53%).



Highest GHG reductions can be achieved, up to 46.9%.



Irregular consumption pattern, large and frequent fluctuations.





Waste

Travel

External
abatement
opportunities

Small contributor (8.55t CO2‐e), although reductions of 3.85t CO2‐e
are still required to achieve 4 star rating.
Water efficient appliances and behaviour change will reduce
consumption.
Total waste emissions equal to 58.23t CO2‐e per yr.



High level of non‐recycled paper purchased.



Large co‐mingled proportion in general waste.



Large operational contributor with 627.6t CO2‐e (42%).
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Open floor plan and building management system will reduce
consumption.





GHG as a KPI

Reductions of 492t CO2‐e (33%) could be achieved through direct
reductions.





Water

Both have the ability to complement each other and be utilised for
continual improvement.

Current initiatives have potential to save substantial volumes of
GHG emissions.
GHG is a good measure, however it does not encompass the entire
body of sustainability, and therefore supporting KPIs are essential
to achieving sustainability.
Sustainable sourcing will increase the environmental and social
performance of both SKM and suppliers, by reducing embodied
energy.
Creation of a sustainability tool that incorporates and forecasts the
future costs due to embodied energy and emissions will be valuable
to SKM and its clients.

Discussion

7 CONCLUSION
The environmental footprint for SKM within the Durack Centre was calculated to be
1488.98t CO2‐e, which equates to 3.5t CO2‐e per capita. Energy and travel were noted
to comprise 95% of the GHG emissions, whilst waste and water comprised the
remaining 5%.
The strategies being implemented by SKM as part of the building retrofit will be a
substantial step towards reducing GHG emissions. However, several additional internal
abatement opportunities were identified in this study, and the estimated emission
reductions from these were calculated to be up to 492t CO2‐e. Through direct emission
reductions, SKM can reduce current emissions by 33%, exceeding the corporate goal of
a 30% reduction. This reduces per capita emissions to 2.31t CO2‐e, without the
adoption of emission offsets.
Through providing a quantitative measure, defining KPIs related to GHG emissions are
a contributor to achieving sustainability, however this cannot be a sole indicator to
achieve sustainability. Sustainability is a broad concept, therefore a variety of KPIs are
essential to support each other in working to achieve sustainability.
One step towards achieving sustainability will be through the effective implementation
of sustainable sourcing. This will lead SKM to utilise sustainable products and services,
therefore allowing the delivery of sustainable projects from the cradle to the grave,
improving both SKM’s and the supplier’s social and environmental performance.
Furthermore, SKM has the ability to use specific tools which provide clients with
sustainable development options from the commencement of the project. SKM has the
potential to create significant abatement opportunities and to increase the standards
for sustainable project delivery in the consulting industry.
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8 RECOMMENDATIONS
Further studies are recommended in terms of quantifying the viability of SKM and
Stockland introducing new innovative technologies such as:


Solar photovoltaic panels



Wastewater treatment/reuse



HVAC upgrade



Rainwater harvesting



100% recycled paper



Sustainable transport planning

Due to the strict timeline SKM face in terms of the office retrofit, the ability to
implement such innovative measures has been restricted.
It is recommended that:


SKM influence Stockland to strive for a higher building Green Star rating
(minimum 5 star), as this directly limits SKM in the ability to achieve a high star
rating. In doing so, the focus needs to be on creating an integrated system which
aims at closing resource loops, incorporating both inputs and outputs.



SKM implements internal education programs, to encourage sustainable practices
within the office aimed specifically at reducing water, energy and waste. This will
then encourage staff to become involved and consider sustainability in both
personal and work related decisions.



SKM improve the quality of metering and frequency of auditing to obtain accurate
representative data. This will provide data on specific resource streams, in which
targeted strategies and education can be provided. Also, it will enable progress to
be identified to determine what is and is not working in terms of reducing
resource use.



SKM incorporate sustainability in every stage of project delivery by creating a
process that utilises specifically designed tools to provide an expanded Life Cycle
Assessment (LCA) and Cost Benefit Analysis (CBA) of the project.



Once all direct emissions are reduced, offsets can then be examined. The Synergy
NaturalPower scheme would be the most effective energy offset as it instantly
reduces SKM’s environmental footprint by over 50% and the money raised is used
to install renewable infrastructure, which could create work opportunities for
SKM.
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APPENDICES
APPENDIX A: PROGRESS REPORT
Part I - Internship Journal
Week: 1 Activities
















Organised meeting with direct parties involved with the internship, had a general
discussion regarding internship along with the direction and scope.
Started literature review regarding to Greenhouse gas reduction for businesses.
Began writing Project Plan, determined aims and objectives.
Started creating a task list for the Gantt chart.
Reviewed project plan and submitted to team leader for review.
Began Gantt chart.
Started Literature review on Greenhouse gas emissions.
Attended meeting on SKM‐ the next 10 years regarding office fit out.
Created Gantt chart in MSProject
Began Literature review on Greenhouse gas emissions, Kyoto protocol, climate change and
sustainability.
Participated in team meeting.
Began Literature review on Sustainability and SKM along with KPI literature review.
Set up fortnightly meeting with Matt Davies.

Week: 2 Activities

Updated references and bibliography.

Completed literature review on KPIs.

Examined GHG calculation methods.

Attended Stockland/Cityswitch presentation networked with various professionals from
other Stockland buildings throughout Perth.

Emailed Matt and Helen Project Plan for review.

Examined SKM initiatives for GHG reduction.

Related SKM initiatives to CitySwitch and Stocklands methods.

Create Engineering competency document.

Planned Content page for report.

Meeting with academic supervisor (Martin Anda) to review internship project plan and to
ensure academic rules are met.

Project plan review returned

Began restructuring Project Plan

Made changes to objectives and methods in Project Plan

Added Table of Contents and outputs to Project plan

Sent industry supervisor final copy of Project Plan for review

Attended team meeting

Worked on Literature Review

Submitted Project Plan

Sent Martin Rough Literature Review

Attended Staff meeting
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Week: 3 Activities

Researching/drafting methodologies.

Examining available data, noting any holes and what is required.

Determining which sources will be included in quantitative analysis.

Evaluating the SKM Microsoft Access Green Office Audit Program.

Researching which decision making tool can be used for KPI analysis.

Planning internship meeting.

Catch up meeting with Craig and Helen

Attended knowledge sharing meeting – regarding company finance

Examined data

Examined methodologies

Writing literature review, suggestions from Martin.

Added sections on existing programs, SKM’s adopted protocols and a summary of the
Green Paper.

Reviewed Literature Review at night.

Team meeting.

Composed detail SWOT analysis for Building Rating Systems, through literature research.

Completed SWOT analysis for Building Rating System

Began discussion on SWOT analysis and Building Rating Systems.

Added section on Full Time Equivalents (FTE) in Results and Data Assumptions.

Had meeting with Industry Supervisor, emailed literature review to supervisor for review.

Began compiling Energy data.

Entered Water data into draft Results and Data Assumptions sections.
Week: 4 Activities

Calculated Energy and Travel GHG emissions

Plotted Energy data to determine trends

Composed relevant results

Continued composing energy and travel results

Obtained water data from Water Corporation via phone.

Began making notes/dot points for discussion.

Calculated Waste and Water GHG emissions

Composed associated waste and water results

Began brainstorming discussion structure

Attended HSEC meeting

Attended Contact Young Professional meeting

Emailed Paul Buss of Stockland regarding Durack roof area

Attended team meeting.

Began discussion on energy and water.

Created estimate water flow diagram for Durack centre.

Reviewed and updated data limitations and assumption.

Emailed company regarding solar panel outputs.

Reviewed results, including SWOT analyses.

Research on HVAC systems.
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Week: 5 Activities

Further research on HVAC systems

Emailed Dave Ritchie regarding HVAC systems

Composed discussion section on HVAC system

Researched waste treatment systems for office buildings

Attended business planning meeting

Checked and reviewed waste data

Composed draft discussion regarding environmental footprint

Determined possible reductions, if suggested technologies were implemented

Attended team meeting, recorded minutes

Sorted References using endnote

Further examination of environmental footprint

Comparison of footprint to SKM GOA report

Examined sustainable sourcing

Added the relationship of temperature into the energy consumption graphs.

Sorted and updated references

Began examining Rio Tinto power station.
Week: 6 Activities

Researched possible carbon cost within Australia

Attended OneSKMPerth presentation on office retrofit

Examined sustainable sourcing, began composing external abatement opportunities and
initiatives for SKM.

Obtained and began examining Rio Tinto coastal power station Works Approval document.

Researched WA power stations.

Researched open cycle and combined cycle gas turbines.

Researched possible calculation techniques for determining combined cycle gas turbine
emissions.

Meeting with academic supervisor.

Attended team meeting.

Researched waste reduction methods

Formatting and reviewing report

Learning and development meeting with team leader

Examining issues with waste data.
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Week: 7 Activities

Examined waste and paper data

Recalculated waste data

Edited waste data information within the results and discussion

Edited environmental footprint data

Updated associated graphs and tables

Finalised results.

Consulted team member regarding Rio Tinto coastal power station.

Had meeting with Industry supervisor, in which we discussed the report progress.

Formatted report to obtain a consistent structure throughout.

Compiled available data appendices

Emailed Paul Buss (Stockland building manager) regarding age of Durack.

Began examining Rio Tinto emissions data for open and combined cycle power stations.

Attended team meeting.

Examined and calculated GHG emission differences between open and combined cycle gas
turbines.

Emailed report to Martin for review.

Examined Green Star – Office Design V2 Technical manual.

Attended Performance Dialogue information session.

Attended section weekly meeting.
Week: 8 Activities

Refined sustainable sourcing section in the report.

Progress meeting with academic supervisor.

Created a calculation appendix, removing calculations from the main document.

Updated progress report.

Reviewed and refined document to eliminate excess/unneeded content.

Assessed report in regards to the initial objectives.

Formatted progress report.

Updated initial Gantt chart (task timeline) to illustrate internship progress using
MSProject.

Sent progress report to supervisor for review.

Attended team meeting

Examined results in respect to the initial objectives

Examined energy results to determine any possible explanations for the fluctuations in
annual consumption

Began drawing conclusions from the results

Updated progress report before final submission.

Calculated possible carbon costs associated with power station emissions.
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Week: 9 Activities

Reviewed and refined literature review.

Internship meeting with supervisors.

Researched and examined Perth Solar City information.

Researched other case studies that I can relate/link to the Rio Tinto Coastal Power Station

Phone conversation with Paul Buss regarding energy fluctuations within the Durack centre.

Further research on other case studies

Research on embodied energy in relation to power stations

Research on Cost Benefit Analysis and Net Present Values methods.

Further Research on Cost Benefit Analysis and Net Present Values methods.

Calculated the Power station Energy consumption and Electricity Production

Calculated a transformation ratio for the OCGT and CCGT
Week: 10 Activities

Researching embodied energy values

Determining conversion of energy, natural gas and carbon dioxide

Read Green Paper for embodied energy

Examined Rio Tinto’s submission to the Garnaut review

Examined Garnaut’s supplement review

Attended team meeting – business plans

Calculated different embodied energies for construction, operation and decommissioning
of a power station

Began composing case study relating to energy and carbon price.
Week: 11 Activities

Drafting Request for permission from Rio Tinto to use the Pilbara Coastal Power Station as
a case study.

Finished composing the method, data limitation, results and discussion for the case study.

Reviewed and edited the alternative structure of the report.

Fortnightly internship catch up.

Made the associated edits to the alternative report.

Updated references.

Attended monthly HSEC meeting.

Attended team meeting – business plans

Recorded minutes at team meeting.

Began writing Career Episode Reports

Updated Internship Journal.

Edited case study discussion
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Week: 12 Activities

Finished composing initial draft career episode report

Restructured direct abatement opportunities.

Researched sustainable sourcing

Sent request for permission letter to Rio Tinto, for approval to use the Pilbara coastal
power station as a case study.

Emailed Daniel Ware regarding sustainable sourcing.

Researched and reviewed concept of sustainable sourcing.

Attended team meeting.

Edited direct abatement opportunities

Edited and refined report

Updated internship journal

Edited career episode report.
Week: 13 Activities

Attended The Renewable City seminar

Further edits on career episode report

Meeting with supervisors

Editing draft before submitting for review

Attended team meeting

Edited final draft

Submitted final draft to Industry and Academic supervisor, team leader and graduate co‐
ordinator.
Week: 14 Activities

Created a two page internal memo to be used as a handout.

Began creating short PowerPoint presentation for sustainability steering committee on
Friday.

Finished short PowerPoint presentation.

Began composing final PowerPoint presentation for university seminar.

Refined PowerPoint for the sustainability steering committee

Analysed first review and made associated edits.

Attended Sustainability Steering Committee meeting and presented the findings of my
report.
Week: 15 Activities

Edited Final report and PowerPoint presentation.
Week 16: Activities

Added sustainable sourcing and life cycle assessments to the literature review.

Added SWOT analysis of sustainable sourcing.

Analysed final reviews and edited report.

The Gantt chart below identifies the progress made in accordance to the initial project plan. The
blue boxes with a black strikethrough indicate tasks and goals that have been achieved since the
start of the internship.
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Figure 1: Gantt chart with associated Internship progress.
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Part II – Bibliography
It was not possible to provide a summary on all cited references due to the restricted
word limit, therefore the main references were selected.
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[Online].
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[Online].
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Description
This Conference of the Parties
document identifies Issues in
relation
to
the
Australian
government and the Kyoto protocol.
It describes what Kyoto is and the
commitments required, Australia’s
response to the protocol, Australia’s
greenhouse gas emissions current
and future, Climate change science,
Effect of Kyoto Protocol ratification
on world greenhouse gas emissions
and other non environmental issues.
This
document
outlines
the
background and purpose of SKM’s
GHG inventory, it identifies the
relevant standards and protocol, the
accounting and reporting principles.
In addition, it outlines the methods
for calculating the GHG emissions
and identifying sources.
This brochure identifies observed
climate changes in respect to
temperature and rainfall the causes
and contributions to climate change,
and then the projections for
temperature and rainfall for the next
60 years. The projections are based
on solar radiation, relative humidity,
evapotranspiration, wind, snow, sea
level rise, ocean temperature, ocean
acidity, ocean currents and El Nino.
The Greenhouse gas challenge
website outlines the benefits,
current members, fuel tax credits,
how to join, verification guidelines,
marketing tools for the company,
membership levels and awards, staff
and technical tools along with
various publications. Also featured
are links to the Greenhouse friendly
website and Business and industry
sustainability.
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Bruntland, G. (ed.), 1987, Our common future: This report addresses common
The World Commission on Environment and concerns, such as a threatened
Development, Oxford, Oxford University Press. future, sustainable development,
and the role of the international
community.
The
report
also
examines
common
challenges,
including population growth, food
security, biodiversity, and energy
choices, as well as how to make
industry more efficient. This report
set the way for sustainable
development including establishing
its definition commonly used today.
WBCSD, WRI 2004, The GHG Protocol; A This
provides
document
Corporate
Accounting
and
Reporting methodologies for business and
Standard (“the GHG Protocol”)
other organizations to inventory and
report all of the GHG emissions they
produce. The Calculation Tools are a
complement to the Corporate
Standard and assist businesses in
quantifying emissions from their
business activities and operations.
SKM, 2008, SKM Sustainability [Online]. URL: This website provides information
http://intranet.skmconsulting.com/Function on SKM’s Sustainability vision and
objectives. In addition, what SKM are
alUnits/BusinessProcesses/Sustainability/,
doing internally and externally to
accessed 10th July 2008
create and promote sustainability to
clients and the community.
Australian Government, 2008, Green Paper – The Green Paper released by the
Carbon Pollution Reduction Scheme July 2008 Australian Government in early July
[Online].
URL: 2008, outlines current climate
http://www.greenhouse.gov.au/greenpaper/ change issues Australia faces and
what
the
Government
is
report /index.html, accessed 16th July 2008
implementing to act against climate
change. Australia’s climate change
strategy is to implement a Carbon
Pollution Reduction Scheme, this is
seen as the best way to reduce
carbon pollution while minimizing
impacts on business and households.
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APPENDIX B: CAREER EPISODE REPORT
Name: Ashley Olsson
Career Episode Title: Industry based internship.
Dates of Career Episode: July 7th ‐ October 24th 2008
As part of my Bachelor of Engineering (Environmental) degree, I
completed a 16 week industry based internship with Sinclair Knight
Merz (SKM). My project was to calculate SKM’s environmental
footprint, in the context of greenhouse gas emissions. In addition,
identify both internal and external abatement greenhouse gas
opportunities.

Competency
Element
Claimed
Introduction

As part of my project plan, I created a Gantt chart to outline my C3.1: Manages
timeline for the project, along with identifying the outputs that I will self
deliver. To allow for any changes or delays within my project, I
allowed sufficient time across the potential areas that may be affected
(results period and towards the end of my internship). I coped with
change by completing tasks that were forecast for the future, for
example when the energy results I initially received were inconsistent,
I began analysing waste data while I waited on receiving the updated
energy data. I exercised initiative by organising fortnightly meetings
with my industry and academic supervisors to update them on my
progress and to ensure that I am on schedule. As part of my project I
utilised a case study. I was unsure of whether the documents had been
released to public, so I made the ethical decision to write a letter to the
company asking for their endorsement to use the case study.
I examined the suitability greenhouse gas emissions as a sustainability
indicator in my study. My literature review defined the current
sustainability concept and principles of sustainability. I identified how
SKM’s sustainability vision and objectives align with the Brundtland
definition of sustainability. In addition, I examined and collated
environmental data including energy, water, waste and travel in
regards to calculating an environmental footprint for SKM within the
Durack Centre. I calculated the environmental footprint, and then
evaluated possible reduction techniques for energy, water and waste
in relation to this data. The strategies and technologies I proposed are
aimed at helping SKM work towards achieving and becoming a leader
in sustainability. I constructed a proposed environmental footprint
which included the estimate reduction from the options presented.

E 4 A.3:
Reviews
existing
environmental
conditions
against
stakeholder
expectations.

In parallel to this report, SKM and Stockland (building owner) are
currently undertaking an office retrofit in order to contribute to a SKM
corporate goal of achieving a 30% reduction in per capita greenhouse
gas emissions. I frequently referred to the proposed retrofit strategies
then compared my findings in relation to the retrofit strategies. I
calculated whether these reductions have the ability to achieve a 30%
reduction in emissions.
Throughout my project I interacted and consulted with senior
colleagues and professionals within the field. I liaised both within the
office and at networking events. I networked with professionals at a
presentation from Stockland and the Cityswitch program, which
broadened my knowledge of the current green building strategies. I
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C1.3:
Integrates
engineering
with other
Appendices

also had various personal communications with the Water professional
Corporation and the Stockland building manager to obtain and discuss input
data in my project.
I reviewed a number of information sources including books, political
bulletins, journals and presentations. These sources enabled me to
develop a strong engineering focus, and to focus my study on the latest
technologies and strategies. This led me to utilise an industry example
in my project to provide a link between the consulting and industry
sectors. I examined the difference in emissions from an open cycle gas
turbine power station compared to that of a combined cycle gas
turbine power station. I identified the potential for SKM to develop a
tool that uses a multi disciplined approach incorporating embodied
emissions and carbon price into a Life Cycle Assessment. The report I
produced included this tool as a recommendation as it would aim to
help clients identify the most sustainable option for their project.
Once provided with my project topic, I developed a project plan for
this study in consultation with SKM’s HSEC manager and Power,
Industry and Infrastructure team leader, to ensure their requirements
were met. I outlined my aims and objectives for the study, along with a
content list for the literature review. I summarised and outlined
information in respect to greenhouse gas emissions, the Kyoto
Protocol, climate change, existing building rating schemes and related
abatement government programs aimed at reducing greenhouse
emissions. I reviewed the concept of sustainability and SKM’s position
in regards to sustainability.

E 5.1 ‐
Identifies
opportunities
for new or
improved
processes and
/ or products

Following my literature review, I performed a SWOT (Strength,
Weakness, Opportunity and Threat) analysis on the building rating
schemes (GreenStar and NABERS), to identify which would suit SKM in
helping to achieve their goal of achieving a 30% reduction in GHG
emissions per capita. Using this analysis, I identified possible risks
associated with adopting the building rating schemes.
Within my study, I outlined innovative solar photovoltaic and
wastewater treatment technologies that SKM and Stockland could
install to help reduce their environmental footprint. I estimated the
potential reductions in direct greenhouse gas emissions for SKM and
in doing so, identified the benefit of adopting innovative technologies.
Consequently, achieving a higher star rating, and being recognised as a
leader in sustainability externally, but also improving internal
processes and project delivery by reducing resource consumption and
demand. In addition, I recommend SKM improve the quality of water
metering and frequency of auditing to improve data quality in my final
report.
I verify that the above narrative is an accurate account of the candidate’s own work.
Verified by:
Qualification: Doctor of Philosophy
Years of experience: 21
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APPENDIX C: DATA
A.3 1: SKM annual (Apr 07 Apr 08) energy consumption data for the Durack Centre.
(Data courtesy of Stockland)

Monthly
Totals
(kWhs)

Grnd

Lvl 2

Lvl 4

Lvl 5

Lvl 7

Lvl 8

Lvl 9

Lvl 10

04‐Apr‐08

71580
55495
62514
73152
61904
76260
56502
62755
74986
41914
51754
69767
52247

5892
3715
4073
4436
3449
4591
3308
3741
4854
2223
3006
3793
2768

2720
2090
2520
820
430
70
40
0
0
80
440
1450
1020

5982
2186
4558
9031
9385
10819
8370
8420
10707
5089
6882
8991
6680

12216
12321
12772
13520
10465
14064
9791
10973
12518
7711
8557
11655
8640

21425
17962
17843
22845
17925
21819
14990
20600
22355
14801
16174
21483
16265

11095
8651
11078
11710
10740
13277
11273
9981
12242
5950
8515
11465
8774

5940
4190
4720
4880
4520
5230
3960
4060
5590
2180
3700
5040
3420

6310
4380
4950
5910
4990
6390
4770
4980
6720
3880
4480
5890
4680

Total

810830

Read
Date
05‐Apr‐07
04‐May‐07
01‐Jun‐07
06‐Jul‐07
03‐Aug‐07
07‐Sep‐07
05‐Oct‐07
02‐Nov‐07
07‐Dec‐07
04‐Jan‐08
01‐Feb‐08
07‐Mar‐08

A.3 2: SKM annual 07/08 water consumption for the Durack Centre. (Data courtesy of
Stockland)

Average building water consumption

1.113kL

SKM Net Lettable Area

7387.7m2

A.3 3: SKM general waste data within the Durack Centre.

Inappropriate
waste
Appropriate (Recyclables)
(kg)
waste (kg)

Totals

Durack
Centre

23.45

8.3

31.75 kg/day

%

73.86

26.14

100

Total/wk

158.75 kg

Total/yr

8255 kg

Comments






66

Appears recycling bins were
emptied into kitchen bins.
Also, was confusion with
emptying personal recycling
paper bins into main waste
collection.
This data is probably not an
accurate or total
representation of "usual"
waste.
Appendices

A.3 4: SKM Paper waste data within the Durack Centre.

Floor

Bin Type

Ground Floor
Ground Floor
4th Floor
4th Floor
5th Floor
5th Floor
5th Floor
7th Floor
7th Floor
7th Floor
7th Floor
8th Floor
8th Floor
8th Floor
9th Floor
9th Floor
9th Floor
10th Floor
10th Floor
Total
Purchased:

Paper Only PRI
Paper Only SSS
Paper Only PRI
Paper Only
Paper Only PRI
Paper Only PRI
Paper Only SSS
Paper Only SSS
Paper Only SSS
Paper Only
Paper Only SSS
Paper Only SSS
Paper Only PRI
Paper Only SSS
Paper Only
Paper Only PRI
Paper Only SSS
Paper Only SSS
Paper Only

%
Volume

%
Contamination

Total Weight
(kg) (bin
included)

Total
Weight
(kg)

40
50
100+
100
100
100
40
100
100
80
30
50
100
80
2
60
30
50
10

20
0
50
50
20
X
0
X
X
X
0
0
0
0
0
0
0
0
10

22.35
26.35
80
80
80
80
26.85
67.95
43.4
21.2
18.5
30.15
80
36.85
14.45
23.6
22.45
26.85
16.3

8.35
12.35
33*
33*
33*
33*
12.85
53.95
29.4
7.2
4.5
16.15
33*
22.85
0.45
9.6
8.45
12.85
2.3

25261kg

Total (weekly)

366.25kg

Total (year)

19045kg

Note: *assumed bin emptied every two weeks.
X = contamination % not determined

A.3 5: Proportion of Paper purchased by the Durack Centre.

Office

Estimated
annual waste

Percentage
contribution

St.Georges

6448

25%

Durack

19045

75%

Total

25493

100%
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A.3 6: Estimated Open and Combined Cycle Gas Turbine GHG Emissions.
Estimated GHG Emissions (000's t)
Power
Station
Type/Year
Open
Combined
Difference

68

2008
440
440
0.0

2009
343
343
0.0

2010
205
215
‐9.1

2011
167
215
‐47.6

2012
169
215
‐45.6

2013
229
191
38.2

2014
232
195
36.7

2015
233
197
36.1

2016
234
199
35.3

2017
230
192
37.9

2018
230
192
37.7

2019
231
193
37.3

Appendices

2020
231
194
37.2

APPENDIX D: CALCULATIONS
CALCULATION A.4 1: Durack Centre FTE staff.

WA/NT region (headcount) staff = 1641
Perth Office (headcount) = 991
Proportion = 991/1641
=60.4%
FTE staff = 711 x 0.604
=430 FTE staff
CALCULATION A.4 2: Energy GHG Emissions using Eq.1.

Activity (Q) = 810830
Full Cycle Factor (kg CO2‐e / kWh) = 0.98 kg CO2‐e / kWh
GHG (kg CO2‐e ) = Q x EF
= 810830kWh x 0.98
= 794613 kg CO2-e
=794.6 t CO2-e
CALCULATION A.4 3: Total Water Consumed.

Average consumption per square meter = 1.113kL/m2
SKM’s Net Lettable Area (NLA) = 7387.7m2
Total Water Consumption = 7387.7m2 x 1.113kL
= 8222.51kL
CALCULATION A.4 4: Equivalent GHG Water Emissions through conversion of energy
intensity.

Energy intensity of domestic water = 1.06kWh/kL
Emission factor for WA electricity = 0.98 kg CO2 ‐e/kWh
Water Carbon Equivalent = 1.06 kwh/kL x 0.98 kg CO2 ‐e/kWh
= 1.04 kg CO2‐e/kL
CALCULATION A.4 5: Water GHG Emissions using Eq.1.

Total Water Consumption = 8222.51kL
Water Carbon Equivalent = 1.04 kg CO2‐e/kL
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GHG emissions = 8222.51kL x 1.04 kg CO2/kL
= 8551.4 kg CO2‐e
= 8.55 t CO2‐e
CALCULATION A.4 6: Paper Purchased emissions using eq.1.

Paper purchased for WA region total = 23749 kg
% recycled paper = 6% (1459 kg)
Durack Centre paper waste proportion = 75%
Total paper purchased proportion = 17812kg
Emissions factor for paper = 2.5 kg CO2 ‐e/kg
GHG emissions (kg CO2‐e/kg paper) = 17812kg x 2.5
= 44530 kg CO2‐e
= 44.53t CO2‐e
Calculation A.4 7: Paper waste GHG emissions using Eq.1.

Total Paper waste = 19045kg
Emissions factor for paper = 2.5 kg CO2 ‐e/kg
GHG emissions (kg CO2‐e/kg paper) = 19045kg x 2.5
= 47612 kg CO2‐e
= 47.6t CO2‐e
CALCULATION A.4 8: General waste GHG emissions using Eq.1.

Total waste = 8255kg
Co‐mingled Waste Emission Factor (kg = 1.66
CO2‐e/kg)
GHG emissions (kg CO2‐e/kg waste) = 8255kg x 1.66
= 13703 kg CO2‐e
= 13.7t CO2‐e
CALCULATION A.4 9: Total Waste GHG Emissions.

Paper purchased = 44.53t CO2‐e
General waste = 13.7t CO2‐e
Total = 58.23 t CO2‐e
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CALCULATION A.4 10: Flight travel GHG emissions using eq.1.

Proportion of FTE = 430 / 784
= 55%
estimate distance travelled = 6376462 kms x 0.55
= 3507054 kms
Emission Factor (kg CO2‐e / passenger = 0.129
km travelled)
GHG emissions (kg CO2‐e / passenger km = 3507054 kms x 0.129
travelled)
= 452410 kg CO2‐e
= 452.4 t CO2‐e
CALCULATION A.4 11: Calculations of relevant GHG emissions from each fuel type.

Car/Fuel Type GHG emissions (kg CO2‐e / km travelled)
Pool car Petrol = 256293 kms x 0.283
= 72531 kg CO2‐e
Rental/Novated car Petrol = 751485 kms x 0.283
= 212670 kg CO2‐e
Diesel = 68737 kms x 0.363
= 24951 kg CO2‐e
LPG = 28006 kms x 0.299
= 8374 kg CO2‐e
Total GHG emissions for car travel in the = 318526 kg CO2‐e x 0.55
WA/NT region
= 175.2 t CO2‐e
CALCULATION A.4 12: Estimate Rainwater collection.

Roof area = 1328m2
Average Rainfall = 755.7mm
Volume (m3) = 1328m2 x 0.7557m
= 1003 m3
= 1003 kL
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