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Summary 
 
In order to achieve a sustainable built environment and realise the global aspiration of low-cost 
zero-emissions buildings, it is imperative to combine effective passive energy-savings building 
design with the intelligent incorporation and integration of renewable energy technologies. Such an 
undertaking not only requires the installation of current technologies within a considered building 
design, but must also account for factors such as occupant interaction with both passive and active 
building systems, future variability in building energy performance and the assimilation of future 
energy technologies.  
 
In Australia, existing buildings account for more than 20 per cent of stationary energy consumption. 
In this context, solutions that improve the energy performance of existing building stock provide an 
attractive emissions-reduction opportunity with the potential for immediate impact and net financial 
benefit to society. However, the task of identifying, implementing, monitoring and maintaining 
building technologies in a retrofit application is not trivial and can represent a significant challenge 
for building operators, particularly when considering other critical aspects such as sympathetic 
integration with existing building systems and the importance and influence of building occupants. 
 
This paper presents a real-world assessment of eco-efficient technology solutions to achieve net 
zero-emissions and beyond in an existing commercial office building located in Newcastle, NSW 
Australia. Leveraging expertise in energy futures modelling and advanced energy management 
and control research, Australia’s national science agency the Commonwealth Scientific and 
Industrial Research Organisation (CSIRO) has undertaken advanced engineering, environmental 
and economic analyses to produce a site-specific ‘greenhouse gas abatement cost curve’. In 
addition to traditional commercial building emissions-reduction opportunities this analysis also 
includes state-of-the-art technological solutions for optimal building operation, considered essential 
to unlocking significant energy savings from existing buildings. Findings have revealed that when 
combined with traditional emission savings options, these solutions can achieve significant 
reductions in greenhouse gas emissions beyond net-zero at negative or minimal cost of abatement. 
As shown in as shown in Fig. 1, this cost of abatement was illustrated by the Greenhouse Gas 
Abatement Cost Curve as a roadmap for achieving organisational carbon neutrality by 2015 in the 
most cost-effective way, , developed by CSIRO to identify a pathway for least-cost emissions-
reduction at the CSIRO Energy Centre. 
 
The largest energy consumer at the site is the Heating, Ventilation and Air Conditioning (HVAC) 
system, consuming 63% of total power, as shown in Figure 1. This is followed by electrical 
equipment which consumes 21% and lighting the remaining 16%. Further, the laboratories are the 
largest consumer of electricity on the site, consuming 48% of total power as shown in Figure 2. 
Such characteristics are expected given that the major electrical load in the laboratory wing is air-
conditioning due to its operation 24 hours a day, seven days a week, in a single-pass arrangement 
(100% fresh-air). This high ventilation requirement reflects a scientific laboratory safety control 
measure. Until recently this ventilation was provided entirely by conditioned air to ensure a 
constant supply temperature to all laboratories for research purposes although, as this paper 
describes, a roadmap has been created to inform energy savings practise and reductions have 
been achieved. 



 

 

Fig. 2 Total site electricity usage highlighting 
major HVAC load. 

Fig. 3 Total site electricity usage by area, 
highlighting major laboratory consumption. 

 
 

  

Fig. 1 CSIRO Energy Centre 2015 Greenhouse gas carbon abatement cost curve. 
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Summary 
 
In order to achieve a sustainable built environment and realise the global aspiration of low-cost 
zero-emissions buildings, it is imperative to combine effective passive energy-savings building 
design with the intelligent incorporation and integration of renewable energy technologies. Such an 
undertaking not only requires the installation of current technologies within a considered building 
design, but must also account for factors such as occupant interaction with both passive and active 
building systems, future variability in building energy performance and the assimilation of future 
energy technologies.  
 
In Australia, existing buildings account for more than 20 per cent of stationary energy consumption. 
In this context, solutions that improve the energy performance of existing building stock provide an 
attractive emissions-reduction opportunity with the potential for immediate impact and net financial 
benefit to society. However, the task of identifying, implementing, monitoring and maintaining 
building technologies in a retrofit application is not trivial and can represent a significant challenge 
for building operators, particularly when considering other critical aspects such as sympathetic 
integration with existing building systems and the importance and influence of building occupants. 
 
This paper presents a real-world assessment of eco-efficient technology solutions to achieve net 
zero-emissions and beyond in an existing commercial office building located in Newcastle, NSW 
Australia. Leveraging expertise in energy futures modelling and advanced energy management 
and control research, Australia’s national science agency the Commonwealth Scientific and 
Industrial Research Organisation (CSIRO) has undertaken advanced engineering, environmental 
and economic analyses to produce a site-specific ‘greenhouse gas abatement cost curve’ as a 
roadmap for achieving organisational carbon neutrality by 2015 in the most cost-effective way. In 
addition to traditional commercial building emissions-reduction opportunities this analysis also 
includes state-of-the-art technological solutions for optimal building operation, considered essential 
to unlocking significant energy savings from existing buildings. Findings have revealed that when 
combined with traditional emission savings options, these solutions can achieve significant 
reductions in greenhouse gas emissions beyond net-zero at negative or minimal cost of abatement. 
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1. Background 
 
In order to achieve a sustainable built environment and realise the global aspiration of low-cost 
zero-emissions buildings, it is imperative to combine effective passive energy-savings building 
design with the intelligent incorporation and integration of renewable energy technologies.  
 
In Australia, existing buildings account for more than 20 per cent of stationary energy consumption. 
In this context, solutions that improve the energy performance of existing building stock provide an 
attractive emissions-reduction opportunity with the potential for immediate impact and net financial 
benefit to society. However, the task of identifying, implementing, monitoring and maintaining 
building technologies in a retrofit environment is not trivial and can represent a challenge for 
building operators, particularly when considering other critical aspects such as sympathetic 



 

integration with existing building systems and the importance and influence of building occupants. 
 
Such an undertaking not only requires the implementation of current technologies within a 
considered building design, but must also account for factors such as occupant interaction with 
both passive and active building systems, future variability in building energy performance and the 
assimilation of future energy technologies. This paper presents a real-world assessment of eco-
efficient technology solutions to achieve net zero-emissions and beyond in an existing commercial 
office building located in Newcastle, NSW Australia (32°55'12"S, 151°45'00"E), approximately 160 
km north of Sydney. The assessment described required the i) identification of eco-efficient 
technology options, ii) development a baseline comparison methodology and iii) generation of a 
greenhouse gas abatement cost curve. 
 
2. Introduction 
 
The CSIRO Energy Centre was designed as a showcase of leading-edge technologies integrated 
into a practical multipurpose research facility. The site is a complex energy generator and 
consumer incorporating three buildings including office, laboratory and process bay wings, two 
large experimental solar-thermal fields, and numerous research and characterisation facilities 
including a mico-grid/mini-grid test bay and a balanced ambient calorimeter. The site’s installed 
generation assets include 113 kW of non-tracking solar photovoltaics (PV), 40 kW of wind 
generation, 120 kW of gas micro-turbine cogeneration and 141 inverters. Project infrastructure has 
added a further 1 kW dual-axis tracking PV panel, 2 kW of wind generation, a 30 kW gas micro-
turbine and 727 kWh of chemical battery storage. 
 
The largest energy consumer at the site is the Heating, Ventilation and Air Conditioning (HVAC) 
system, consuming 63% of total power, as shown in Fig 1 [1]. This is followed by electrical 
equipment which consumes 21% and lighting the remaining 16%. Further, the laboratories are the 
largest consumer of electricity on the site, consuming 48% of total power as shown in Fig 2 [1].  
 

  
  
Such characteristics are expected given that the major electrical load in the laboratory wing is air-
conditioning due to its operation 24 hours a day, seven days a week, in a single-pass arrangement 
(100% fresh-air). This high ventilation requirement reflects a scientific laboratory safety control 
measure. Until recently this ventilation was provided entirely by conditioned air to ensure a 
constant supply temperature to all laboratories for research purposes although, as this paper 
describes, a roadmap has been created to inform energy savings practise and reductions have 
already been achieved. 
 
 

Fig. 1 Total site electricity usage highlighting
major HVAC load. 

Fig. 2 Total site electricity usage by area, 
highlighting major laboratory consumption. 



 

3. Identification of Eco-Efficient Technology Optio ns 
 

Technology options for reducing energy consumption and resultant greenhouse gas emissions at 
the Newcastle Energy Centre were compiled from both a detailed site energy audit and real-world 
trials of advanced energy management and control solutions including technologies developed in-
house by CSIRO. The energy audit conducted met level 3 energy audit minimum requirements as 
defined in the Australian Standard AS/NZS 3598:2000 Energy audits [3]. Being the most 
comprehensive audit of all the levels defined, a level 3 energy audit provides: a detailed analysis of 
energy usage; a summary of possible energy savings measures and; the associated cost of 
implementing the identified measures in order to achieve the desired savings. Accuracy of the 
estimates has been found to typically fall within +10% for costs and -10% for benefits. 
 
Over 25 options in total where analysed specifically for the Newcastle Energy Centre site, including 
both stationary energy and transport savings measures. These options were consolidated into 
higher-level technology categories including HVAC equipment and controls upgrades, renewable 
energy and distributed generation systems, lighting and plug-load efficiency upgrades and 
scheduling, advanced HVAC control technologies, and electric fleet vehicles. Some of the more 
novel and advanced technologies considered are described in Section 5. 
 
An in-depth site energy-use study for was performed in April 2007 revealing that the building 
performance was slipping - a situation attributed to a number of operational issues. Initially the site 
achieved an equivalent 5 star National Australian Building Energy Rating System (NABERS) [2] 
Energy rating but as equipment aged, staff levels increased and experimental activity intensified, 
the building energy performance was found to have slowly degraded. The site (incorporating all 
wings and infrastructure) currently achieves a 3.5 star (207kg CO2/m

2) NABERS-equivalent Energy 
rating and the Office achieves a 4.5 star (150kg CO2/m

2) NABERS Energy rating, which, although 
satisfactory, are sub-optimal and below original design intent. 
 
A key motivation for the Energy Centre is to greatly improve the energy consumption and 
performance of the whole site in order to regain a 5 star NABERS Energy rating and ideally to 
exceed it. 
 
Crucial to the identification of eco-efficient technology options is the installation of an advanced 
energy management system (EMS) in order to identify, facilitate and verify the proposed energy 
savings measures. A sophisticated EMS comprising approximately 55 electrical and gas meters 
was installed by upgrading the CSIRO Energy Centre’s existing EMS. The system is able to 
monitor, manage and record power flows around the site and enables site power consumption to 
be interrogated by area, floors within buildings, systems (i.e. lighting, HVAC and plug load) and 
even down to equipment level in some instances. 
 
These sub-meters have facilitated the quantification of energy savings opportunities and will 
enable auditing of the effectiveness of the implemented upgrades and modifications as well as 
assisting in identifying future emissions savings opportunities. 
 
 
4. Development of a Greenhouse Gas Abatement Cost C urve 

 
To determine the most cost-effective options towards achieving a net zero energy building (NZEB), 
a similar greenhouse gas abatement curve was constructed to the country-specific analyses 
performed by McKinsey & Company for Australia [4], the UK, US, Germany and other countries. 
 
Leveraging expertise in energy futures modelling and advanced energy management and control 
techniques, the Commonwealth Scientific and Industrial Research Organisation (CSIRO), 
Australia’s national science agency, has undertaken advanced engineering, environmental and 
economic analysis to produce a site-specific Greenhouse Gas Abatement Cost Curve (‘Curve’) that 
provides a roadmap for most cost-effectively achieving carbon neutrality by 2015.  
 



 

4.1 Baseline Comparison and Analysis Methodology  
 
In constructing a greenhouse gas abatement cost curve it was necessary to establish a baseline 
against which emissions-reduction options could be assessed. This baseline was established by 
assuming business as usual operation in terms of: the site’s overall energy consumption (1 535 
000 kWh/yr); the proportion of grid-sourced electricity (the site currently produces approximately 15% 
of its power through on-site generation); the proportion of grid-sourced ‘green’ electricity (25%); the 
load profile; transmission and distribution loss factors; and the number of kilometres travelled by 
fleet vehicles. 
 
General assumptions used in constructing the curve are listed below: 

• The greenhouse gas emission intensity of grid sourced conventional electricity (GHGe) is 
1.07 t/MWh [7] 

• The greenhouse gas emission intensity of natural gas (GHGg) is 0.0661 kg/MJ [7] 
• The greenhouse gas emission intensity of petrol (GHGp) is 2.3458 kg/L [7] 
• Real discount rate (r) of 7% p.a. was used consistent with [6] 
• The distribution loss factor (DLF) is 4.64% [9] and the marginal loss factor (MLF) is -0.67% 

[10] represent published estimates for the Newcastle sub-node 
• Petrol price (���) of $1.50/L in 2015 was assumed 
• Natural gas price in 2010 (NGC2010) is 1.25935 c/MJ 

 
Total transmission losses (TLF) are the product of the MLF and the DLF: 
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From Equation 1, TLF is calculated as 3.94%. 
 
The site is billed for grid-sourced electricity on a three-tier tariff: 
• Peak electricity (Pp) 7am-9am, 5pm-8pm, business days 
• Shoulder electricity(Ps) 9am-5pm, 8pm-10pm, business days 
• Off-peak electricity (Po), electricity consumed at all other times 
 
The tariff consists of two components: a network charge and an energy charge, with the network 
charge multiplied by the TLF to account for use of transmission and distribution networks. The av-
erage electricity cost in 2010 (AEC2010) in $/kWh is calculated in Equation 2: 
 ���2010 � ���
��∙������∙����� ∙�� ���!�
��∙�!����∙�!��� ∙�! � (2) 

 
where: 
ρcp is the proportion of grid-sourced conventional electricity (0.75) 
ρgp is the proportion of grid-sourced ‘green’ electricity (0.25) 
γp is the proportion of peak electricity consumption (0.15) 
γs is the proportion of shoulder electricity consumption (0.42) 
γo is the proportion of off-peak electricity consumption (0.43) 
Pcp is the peak tariff for conventional grid-sourced electricity 
Pcs is the shoulder tariff for conventional grid-sourced electricity 
Pco is the off-peak tariff for conventional grid-sourced electricity 
Pgp is the peak tariff for ‘green’ grid-sourced electricity 
Pgs is the shoulder tariff for ‘green’ grid-sourced electricity 
Pgo is the off-peak tariff for ‘green’ grid-sourced electricity 
 
In construction of a Greenhouse Gas Abatement Cost Curve for the year 2015, an escalation fac-
tor must be applied to AEC2010 and the natural gas tariff (NGC2010). An escalation factor of 1.26 and 



 

1.16 was used for electricity and natural gas respectively. These escalators reflect the likely intro-
duction of a carbon price prior to 2015 and expected increases in transmission and distribution 
charges. These estimates were obtained from CSIRO modelling. 
 
Given the reductions in energy usage from the eco-efficient technology solutions considered in this 
paper (detailed in preceding sections) annual energy savings were calculated for the year 2015. To 
determine whether these solutions result in a negative or positive cost of CO2 abatement, we must 
also factor into the costs (usually capital and operations and maintenance costs) of the energy 
saving measures. If the options require upfront capital costs, these costs are converted to an an-
nual cost according to Equation 3: 
 

"�# � "�# ∙ $ %&''
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where: "�# s the annualised capital cost in 2015 of technology option i 
KCi is the upfront capital cost 
r is the real discount rate 
L is the service life of the technology solution 
 
The energy savings of technology option i (ESi) is calculated in Equation 4: 
 �,- � .|∆121�-| ∙ ���3 � .|∆!4�| ∙ 56�3 � .7∆�18-7 ∙ ���3 (4) 

 
where: 
∆eleci is the reduction in electricity usage of tecnology option i 
∆gasi is the reduction in electricity usage of tecnology option i 
∆peti is the reduction in electricity usage of tecnology option i 56� is the cost of natural gas in 2015 
 
The greenhouse gas emission savings (GHGSi) of technology option i (ESi) is calculated in    
Equation 5: 
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Total savings of technology option i (TSi) is calculated in Equation 6: 
 �,- � �,- � :;,- (6) 
 

where:  
OMSi are savings in operating and maintenance costs of technology option i 
 
Total cost of implementing technology option i (TCi) is calculated in Equation 7: 
 ��- � :;�- � "�- (7) 
 
where:  
OMCi are operating and maintenance costs of technology option i 
 
The net cost of implementing technology option i (NCi) is calculated in Equation 8: 
 5�- � ��- � �,- (8) 
 
The cost of CO2-e abated in $/t from implementing technology option i (GHGABTi) is calculated in 
Equation 9: 
 
696�<�- � 5�-

696,- (9) 



 

4.2 Analysis Features 

In addition to traditional emissions-reduction opportunities for commercial buildings, this analysis 
includes state-of-the-art technological solutions in the buildings-operation domain that the CSIRO 
believe are essential to unlocking significant energy savings from existing buildings. 
 
These include the following: 

• Advanced adaptive and predictive control 
• Automated fault detection & diagnostics (FDD) and ongoing commissioning 
• Optimal scheduling and placement of renewable energy resources, and 
• Holistic control and optimisation of whole building energy systems 

 
The analysis found that these solutions when combined with traditional emission-reduction options 
can achieve significant reductions in greenhouse gas emissions beyond net-zero and at negative 
or minimal cost of abatement. Fig. 3 illustrates this cost of abatement.  
 
It must be noted that the opportunities reflected by this cost curve are not mutually exclusive and 
completely exhaustive (MECE). Although it is desirable for each of the listed opportunities to be 
separable and thus not ‘overlap’ while simultaneously ensuring that the presented options are 
comprehensive leaving ‘no gaps’, it was found that this was neither possible nor realistic for this 
site-specific application. For example, the implementation of a thermally-driven cooling system 
operating using waste heat would inherently reduce the savings potential of other HVAC energy 
reduction measures relying on electricity consumption as a basis for savings delivery.  
 
Overall it was found that a MECE curve is useful for strategic decisions regarding sectors on which 
to focus, although a non-MECE curve is unavoidable when comparing specific technology options. 
 

 

Fig. 3 CSIRO Energy Centre 2015 Greenhouse gas carbon abatement cost curve. 



 

5. Implementation of Energy Savings Measures 
 
5.1 HVAC Equipment and Controls Upgrades 
 
5.1.1 Natural Ventilation Control Strategy Enhancement 
 
During the identification phase it was found that natural ventilation control logic only allowed the 
office to enter natural ventilation mode once per day. The logic was modified so that natural 
ventilation mode could be activated multiple times if the conditions were favourable. This measure 
was implemented with consideration given to the possibility of frequent switching representing a 
nuisance to occupants who are required to open doors and windows upon switching between 
active and natural ventilation modes. Control hysteresis and an education campaign were 
introduced to avoid such a circumstance and this strategy has successfully increased the amount 
of time that the office is operated in natural ventilation mode, decreasing air-conditioning electricity 
use that would otherwise occur. 
 
The effect of this measure is illustrated below in Fig. 4 where site power profiles from two different 
days with similar temperature and humidity profiles are overlaid. The blue plot indicates the site 
power profile when air-conditioning is operating as normal throughout the business day and the red 
graph represents the site power profile when natural ventilation mode was able to be entered. The 
differential illustrates the energy savings afforded by natural ventilation. 

 
5.1.2 Demand-Controlled HVAC Operation 
 
The majority of air handling units (AHUs) at the Energy Centre incorporate CO2 monitoring as part 
of their control strategy. Monitoring CO2 levels enables demand-controlled ventilation, where the 
AHU only draws-in fresh air when required to maintain indoor air quality. Recirculation of 
conditioned air is often more energy efficient than constant injection of unconditioned outside air. 
CO2 monitoring has been extended to three additional zones resulting in predicted energy savings 
of 15 000 kWh of electricity, leading to an estimated payback period of approximately 6 years. 
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Fig. 4 Site energy consumption with natural ventilation mode enabled (red) and with air-
conditioning only (blue). The differential indicates the potential savings (Source: CSIRO). 



 

Passive infrared (PIR) controlled variable air volume (VAV) operation is currently being trialled in a 
number of selected laboratories at the Energy Centre. It is envisaged that one PIR-controlled 
switch will direct the operation of lighting and VAV so that lighting and conditioned air supply are 
disabled when the area is unused. This system has been implemented so that conditioned air can 
be supplied constantly if required for experiments on an agreed limited-duration basis. 
 
5.1.3 Optimal HVAC Control Technology 
 
Optimal HVAC control technology is based on a simple high level goal – judicious use of resources 
to provide appropriate environmental conditions. This is a departure from a simple temperature-
focussed control strategy and redirects the overall objective to the delivery of comfort not 
necessarily temperature.  
 
In the case of the Energy Centre and many other applications, the resources to be used judiciously 
include energy, financial expenditure and greenhouse gas emissions. Here an optimal balance 
must be found between what are inevitably competing goals - a function achieved by CSIRO’s 
optimal HVAC control technology [5] which intelligently alters the operation of a building’s HVAC 
system by determining optimal temperature set-points and other relevant system parameters to 
reduce energy consumption and operating costs, whilst maintaining occupant comfort.  
 
CSIRO’s optimal HVAC control technology is operating in the Energy Centre has resulted in energy 
savings of up to 25% in addition to increased occupant feedback and system operational and 
performance information. 
 
5.1.4 Automated HVAC Fault Detection & Diagnostics (FDD) 
 
Improperly-controlled HVAC systems, performance degradation and inadequate maintenance 
wastes a significant amount of energy used in commercial buildings. An extended meta-analysis of 
commissioning case study data, analysed results from 643 buildings across 26 states in the United 
States, representing 9.3 million square meters of commissioned floor area [6]. Median savings 
from existing building commissioning was found to be 16% of the whole building energy use, with a 
payback time of 1.1 years. 
 
Since every building and HVAC system is unique, it is not always a trivial task to define these 
control rules in a way that will have widespread generic application. In addition, the task of setting 
the thresholds used by FDD techniques to raise alarms is quite involved, and prone to producing 
false alarms. Moreover, building structure, internal layout and occupancy patterns often change 
throughout the lifetime of a building, indicating that an adaptive ‘self-learning’ system may be more 
required. 
 
Considering this, CSIRO has developed and is trialling a novel statistical machine learning-based 
approach for undertaking operational and maintenance oriented FDD in Energy Centre AHUs. The 
technique has been designed to be sensor-minimal, using only incumbent sensors already 
installed as part of the building management and control system (BMCS). Although the trial is not 
yet complete, the system has already identified a number of system faults and opportunities for 
energy savings through recalibration and tuning. 
 
5.2 Renewable Energy Systems & Distributed Generati on 
 
The integration and operation of renewable energy systems at the Energy Centre is an area of 
intense business and research interest for CSIRO. Implementation and integration analysis is 
currently underway for the installation of solar and thermally-driven cooling systems for the 
Laboratory and Process Bay wings in order to overcome the site’s high HVAC energy consumption. 
 
Although these measures offer significant emissions-saving potential, it is acknowledged that they 
represent moderate-to-high-cost capital acquisitions. It is expected that these measures will be 
implemented in future financial years in line with organisation capital works planning processes. 
 



 

Additionally, research groups based at the Energy Centre are currently focused on smoothing 
renewable generation output using storage, as well as mitigating peak demand and optimising the 
operation of the Energy Centre as a mini-grid/micro-grid. Although such plant represents research 
infrastructure, opportunities to utilise equipment synergistically - or when not utilised - exist and 
offer the potential for increased research and organisational benefit. Planning for such operation 
has commenced and selected plant is expected to be trialled in the fourth-quarter of this year. 
 
5.3 Electric Vehicles (EV) 
 
Introduction of electric (EV) and hybrid electric vehicles (HEVs) in place of conventional petrol-
powered vehicles requires the considerate matching of vehicle purpose and required functionality. 
Through consultation with both users and management it was found to be favourable for at least 
one EV to be made available for V2G (vehicle-to-grid) research purposes with resultant emissions-
reduction benefits to the site. While this arrangement is being considered, the current high cost of 
EVs precludes the acquisition of these vehicles solely on an abatement basis.  
 
The reduced cost of HEVs and the elevated lease costs of conventional petrol vehicles improved 
the cost-effectiveness of HEVs as a greenhouse gas abatement option, however, the usage profile 
of current fleet vehicles and the existence of a HEV purchase price premium still resulted in a high 
cost of abatement. These costs are being monitored. 
 
5.4 Other Implemented Measures 

 
A number of other HVAC, general power and lighting measures not described above were 
implemented in early 2011 at the Energy Centre. Further, site repairs and maintenance were 
informed by the identification process undertaken in the development of this Curve.  
 
Although the overall effect of these measures has not yet been captured over a sufficient duration, 
it is expected to be demonstrated that that the emissions-saving measures have proven effective. 
Further, some compound savings may be realised, in that it was noted that idling PCs and other 
equipment may have a compound effect of heating the building in addition to consuming general 
power. The result is increased heat-load which must be counteracted by air conditioning system 
operation. In advancing and consolidating the measures implemented as a result of the Curve, 
further green IT policies are currently being explored with a view to further improving site energy 
efficiency. 
 
6. Conclusion and Discussion 
 
This paper presented a real-world assessment of eco-efficient technology solutions to achieve net 
zero-emissions and beyond in an existing commercial office building located in Newcastle, NSW 
Australia (32°55'12"S, 151°45'00"E). 
 
In addition to traditional emissions-reduction opportunities for commercial buildings, this analysis 
includes state-of-the-art technological solutions in the buildings operation domain that the CSIRO 
believe are essential to unlocking significant energy savings from existing buildings. 
 
These include the following: 

• Advanced adaptive and predictive control 
• Automated fault detection & diagnostics (FDD) and ongoing commissioning 
• Optimal scheduling and placement of renewable energy resources, and 
• Holistic control and optimisation of whole building energy systems 

 
The analysis found that these solutions, when combined with traditional emission reduction options, 
can achieve significant reductions in greenhouse gas emissions beyond net-zero and at negative 
or minimal cost of abatement.  
 
This cost of abatement was illustrated by the Greenhouse Gas Abatement Cost Curve developed 
by CSIRO to identify a pathway for least-cost emissions-reduction at the CSIRO Energy Centre. 
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