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ABSTRACT: This paper presents preliminary findings from a retrospective analysis of energy efficiency 
actions undertaken in eleven large commercial office buildings between 1 January 2004 and 31 
December 2008. The sample buildings were selected from a single portfolio that accounts for five 
percent of Australia’s commercial office accommodation. Collectively they represent 1.4 percent of the 
entire Australian CBD office market. 

Investments in technologies and non-technological initiatives were evaluated for their effectiveness, in 
both energy and financial terms. Occupant comfort, as expressed by ‘hot/cold complaints’ registered 
with a tenant helpdesk, was also analysed. 

The results of this analysis show that energy use intensity (MJ/m2 per year) reduced by 29 percent 
across the sample buildings over four years. Technology and management initiatives appear to have 
been equally important contributors to the reductions in energy use. In addition, a positive relationship 
between a building’s energy performance and the number of complaints by occupants about ‘hot’ or 
‘cold’ temperatures was established from the data: as the buildings’ energy efficiency improved, the 
occupants’ apparent dissatisfaction or discomfort levels decreased. 

These preliminary findings are significant and suggest there may be scope to ‘fast track’ energy 
efficiency within existing commercial office buildings while achieving positive consequences for 
occupant comfort and strong financial returns. 
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INTRODUCTION 

There is an urgent need to reduce greenhouse gas (GHG) emissions from the built environment. Fortunately, the 
scale of the problem is matched by the scale of the opportunity. Owners of commercial office buildings may be able 
to greatly reduce energy consumption and GHG emissions, enhance financial returns and improve occupant 
satisfaction rates by deploying a combination of technologies and management techniques. 

The paper commences with an introduction to the scale of the challenge and examines some of the knowledge gaps 
that prevent effective coordinated action, in particular, the lack of evidence to guide policy makers in addressing 
demand-side end-use efficiency opportunities through non-technological options. 

Subsequently, the method used to identify a suitable cohort of buildings for a retrospective analysis of energy 
efficiency actions is discussed. Access to reliable historical data is crucial for information-oriented selection of cases. 
Examples of large commercial office building portfolios that have demonstrated significant improvements in energy 
performance are rare, and it is very rare indeed to find extensive and reliable data sets coupled with records of 
management interventions stretching over numbers of years. The analysis presented in this paper focuses on a 
representative sample (the “sample”) of eleven buildings from a large portfolio (the “portfolio”) that met these criteria. 

Two extreme/deviant cases drawn from the sample illustrate some of the emerging relationships. While it is too early 
in the investigation to consolidate data and draw definitive conclusions, the results of these case analyses suggest 
that there may be scope to ‘fast track’ energy efficiency within existing commercial office buildings while achieving 
positive consequences for occupant comfort and strong financial returns. Further action research will help quantify 
the size of the opportunity and identify effective techniques for seizing it. 

1. CONTEXT 

1.1. Energy use and greenhouse emissions from the built environment 
The built environment accounts for in the order of 40 percent of greenhouse gas (GHG) emissions worldwide (UNEP 
2006). Of the 30-40 percent of final energy demand typically accounted for by the building sector in OECD countries, 
it is estimated that 33 percent is used in commercial buildings and 67 percent in residential (WBCSD 2009).  
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Alarmingly, the World Business Council for Sustainable Development (WBCSD) has predicted that worldwide energy 
consumption for buildings will grow by 45 percent from 2002 to 2025 (WBCSD 2009).This is broadly consistent with 
various scenarios modelled by the United Nations’ Intergovernmental Panel on Climate Change (IPCC) for its Fourth 
Assessment Report (AR4) (Levine 2007). 

1.2. Australian commercial office buildings 
While reliable statistics showing the trend in emissions intensity for the existing Australian office building stock are not 
available, a 2008 study for the Australian Sustainable Built Environment Council (ASBEC) suggested that commercial 
property sector emissions grow at an average annual rate of 2.1 percent and that the rate is linked to GDP growth 
(CIE 2008). This view is consistent with an Australian Bureau of Agriculture and Resource Economics (ABARE) 
projection that the rate of end use energy efficiency improvement will be maintained at 0.5 percent per year until 2030 
for all fuels in non energy intensive sectors (Syed 2007). That is, sector emissions can be expected to grow at 
approximately the long-term GDP rate less 0.5 percent. According to ABARE, electricity production in Australia over 
the five years from 2002 to 2006 increased by 10 percent (Syed 2007). 

There is evidence that new office buildings are being constructed to be more energy efficient than buildings 
completed in the years immediately prior to the advent of the National Australian Built Environment Rating Scheme 
(NABERS) and the Green Building Council of Australia’s Green Star rating scheme (Madew 2009). Given the 
introduction of more efficient modern stock into the Australian market through new construction, it is reasonable to 
assume, therefore, that much of the projected 0.5 percent annual improvement in the efficiency of Australia’s office 
buildings can be attributed to the introduction of new stock rather than from improvements to the energy efficiency of 
buildings aged 10 years or older. It has been estimated that more than 80 percent, or almost 18 million square metres 
of Australian office accommodation, is more than 10 years old and thus predates the introduction of the NABERS and 
Green Star rating schemes (Davis Langdon 2009). These buildings account for a substantial proportion of the 
sector’s emissions and represent an opportunity to retrofit energy efficiency. 

1.3. Potential for emission reductions 
The scale of the opportunity is significant. According to a projection from the WBCSD, global GHG emissions could 
be reduced by 715 Mt per annum from a 1990 baseline by 2010 simply by improving the energy efficiency of 
buildings and appliances (WBCSD 2009). This figure is approximately 25 percent more than the 597 Mt of GHG 
emissions reported from Australian sources in 2007 (National Greenhouse Gas Inventory 2009).  

Looking further ahead, the IPCC’s AR4 estimated the economic potential for global greenhouse gas mitigation for 
different sectors (or ‘wedges’) as a function of carbon price in 2030 and came to the important conclusion that 
buildings present by far the largest opportunity for cost effective emissions reductions (Barker 2007).  

The IPCC’s “mitigation of climate change” working group estimates the greenhouse gas emission reduction potential 
for the building stock in developed countries in 2020 (against 2010 start year) is within the following ranges: 

 Technical: 21% - 54% (i.e. with no specific reference to costs, only to ‘practical constraints’) 

 Economic (<US$ 0/t.CO2-e): 12% - 25% (i.e. from the perspective of society in general) 

 Market: 15% - 37% (i.e. from the perspective of private consumers and companies) (Barker 2007) 

If we conservatively assume that 30 percent of the word’s final energy demand is accounted for by the building 
sector, drawing on the WBCSD (2009) assertion that it accounts for 30 – 40 percent in OECD countries, and that 33 
percent is used in commercial buildings, the opportunities look substantial. Of the approximately 28 Gt of annual 
GHG emissions from fossil fuel and other sources (IPCC 2007), one tenth can be attributed to commercial, i.e. non-
residential, buildings.  

There is an urgent need to establish how improvements to the energy efficiency of occupied commercial office 
buildings can be ‘fast tracked’. We need to ground this analysis in ‘real world’ operational data, rather than 
speculative models. Furthermore, in evaluating the potential for quick improvements in efficiency, the relationship 
between technologies and non-technological factors in bringing about these changes needs to be understood, as do 
the consequences for occupant comfort. 

1.4. Potential from non-technological interventions poorly understood 
The summary of Working Group III’s contribution to the IPCC’s AR4 includes the following comments: 

Our survey of the literature (80 studies) indicates that there is a global potential to reduce approximately 29% of the 
projected baseline emissions by 2020 cost-effectively in the residential and commercial [buildings] sectors, the 
highest among all sectors studied in this report (high agreement, much evidence). 

Due to the limited number of demand-side end-use efficiency options considered by the studies, the omission of 
non-technological options and the often significant co-benefits, as well as the exclusion of advanced integrated 
highly efficiency [sic] buildings, the real potential is likely to be higher (high agreement, limited evidence). (Levine 
2007:389-390) 

While Levine et al achieved high agreement and found much evidence to support the view that “over the whole 
building stock the largest portion of carbon savings by 2030 is in retrofitting existing buildings and replacing energy 
using equipment due to the slow turnover of the stock”, there is clearly a lack of evidence to guide policy makers in 
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addressing that opportunity via demand-side end-use efficiency options. Levine (2007:389) notes, “the potential 
reduction through non-technological options is rarely assessed and the potential leverage of policies over these is 
poorly understood”. If we consider the “substantial market barriers that need to be overcome” (Levine 2007:390), in 
order to more widely adopt “accessible and cost-effective technologies and know-how”, (Levine 2007: 406), there is 
potential to contribute significantly to the body of knowledge in this field through action research. 

One attempt to understand the potential for non-technological initiatives to influence the environmental performance 
of buildings has been made by the Low Energy High Rise (LEHR) project undertaken by The Warren Centre for 
Advanced Engineering at the University of Sydney. The LEHR project surveyed 127 large commercial office buildings 
in Australia’s capital cities to identify factors that influence the buildings’ performance as measured by NABERS. The 
survey findings suggested that “there is potential for most buildings to achieve a 4 Star NABERS Energy base 
building rating with only limited recourse to major technical refurbishment, which corresponds to a performance 
improvement of approximately 30% for an average building” (Warren Centre 2009:9).” The authors concluded: “The 
results indicate that there are a number of relatively clearly identifiable factors that can be shown specifically to 
correlate with improved performance. While it is specifically noted that correlation does not demonstrate causation, 
the results have been reviewed in this context and in all cases the proposed correlation would reasonably appear to 
be at least partially causal” (Warren Centre 2009:9). 

2. METHOD 

2.1. A large portfolio of Australian commercial office buildings identified 
According to the Property Council of Australia (PCA), there are 22 million square metres of commercial office 
accommodation in Australia (Office Market Report 2009). The majority of these buildings are controlled by 
institutional investors operating listed (i.e. quoted on the Australian Securities Exchange) and unlisted property trusts. 
For example, the City of Sydney estimates that 60 percent of office accommodation in its jurisdiction is controlled by 
only twelve separate entities (Barone 2009). This characteristic of concentrated ownership presents an opportunity to 
access a representative sample of buildings from within just a few individual portfolios. 

A large portfolio of just over 1 million square metres, almost 5 percent of the Australian commercial office market, 
was selected for analysis. The portfolio is concentrated around large buildings in major CBDs. In some markets, such 
as Sydney’s CBD, the owner has a major presence with a commercial interest in almost 10 percent of that CBD’s 
entire stock; however it is well represented in all major CBD markets.  

During the fiscal year 2003/04 the portfolio’s weighted-average base-building NABERS Energy rating was 2.60 stars, 
close to the market average of 2.50 stars. The selected portfolio of buildings was also broadly representative of the 
market in terms of its average age (20-25 years) and size measured in square metres of Net Lettable Area 
(~25,000m2 NLA). (Note these statistics are only approximate. Statistics for the entire market are not available from 
any of the major research houses or the PCA, so precise comparisons were not able to be performed.)  

The intensity of the selected portfolio’s base-building electricity and natural gas use (i.e. excluding tenancy lighting 
and equipment) reduced by 21 and 42 percent respectively over the period 2003/04 – 2008, corresponding to a 25 
percent reduction in total energy use. As a consequence, the GHG emission intensity of the portfolio (total GHG 
emissions divided by total area) is now 39 kg.CO2-e/m2.yr (24 percent) below its 2003/04 benchmark (Fig. 1). In 2007 
the portfolio used 35 percent less energy than the median for NABERS rated portfolios in Sydney and 18 percent less 
than the median for Melbourne. This would indicate that by 2007 the portfolio had become between 25 – 30 percent 
more energy efficient than the median Australian CBD base-building rated using NABERS.  

 

Figure 1: Portfolio’s base building emissions trend 2003/04 – 2008 

At the heart of the portfolio’s management platform is a well established commitment to detailed and accurate 
measurement, continuous monitoring, transparency in reporting and an ongoing investment in developing the ability 
of its operations teams to drive continuous improvement. All sustainability-related activities take place within this 
framework. This includes investments in technologies, procedures and practices aimed at reducing impacts or 
enhancing the performance of its buildings for their occupants.  

These facts, coupled with its extensive and independently assured database, make the portfolio a particularly 
valuable source of information. 



 

43rd Annual Conference of the Architectural Science Association, ANZAScA 2009, University of Tasmania 4 

2.2. A sample of eleven buildings selected for analysis 
A representative sample of eleven buildings comprising 298,000 m2 NLA (~1.4 percent of the Australian commercial 
office market) was selected from the portfolio for detailed analysis (Table 1). The buildings were selected to be 
representative of the portfolio’s mix of size, age, location and operating platform. Buildings younger than ten years of 
age were excluded. 

Table 1: Sample of eleven commercial office buildings 

Building ID CBD 
location 

Approx. age 
(years) 

Approx. size 
(m2 NLA) 

2004 energy 
use (MJ/m2/yr) 

2008 energy 
use (MJ/m2/yr) 

% change 

Building A Nth Sydney 18 15,000 465 462 -1% 
Building B Brisbane 20 20,000 469 346 -26% 
Building C Brisbane 33 25,000 516 317 -39% 
Building D Adelaide 20 25,000 535 604 13% 
Building E Sydney 37 27,000 567 377 -34% 
Building F Sydney 18 23,000 586 413 -30% 
Building G Perth 25 18,000 597 404 -32% 
Building H Sydney 18 28,000 661 342 -48% 
Building I Melbourne 15 65,000 700 393 -44% 
Building J Sydney 20 29,000 791 388 -51% 
Building K Sydney 19 23,000 942 827 -12% 

 Mean: 22 27,100 621 443 -29% 
 

The sample’s 2004 base-building energy use intensity statistic (621 MJ/m2.yr) is identical to the portfolio it was 
selected from, which suggests the sample is a good reflection of the larger portfolio. Priority was given to the 
selection of buildings that were representative of the portfolio’s typical age and size with a broad geographic spread. 
Baseline energy use intensity was deemed to be of lesser importance than the other factors because of the focus of 
this research on trends in energy use and occupant satisfaction over time, rather than absolute values. 

2.3. Sources of data 
The portfolio’s owner maintains an extensive database of monthly utility bills which is reviewed annually by a top-tier 
international accounting firm. All energy data used in the analysis was independently generated and assured. Note 
also that energy sub-metering systems were installed in the majority of buildings in the sample during the first quarter 
of 2003, i.e. just prior to the analysis period. The cost of these systems (~$50,000 per building) has been accounted 
for in the financial analysis; however their effectiveness as a management tool has not yet been formally assessed. 

Net Lettable Area (NLA) is calculated by summing all leases and unleased spaces in the buildings. Areas are 
measured by qualified surveyors in accordance with the Property Council of Australia measurement standard. The 
independent assurance provider also reviewed the NLA data. 

Vacancy statistics are kept by the portfolio owner with other accounting data and the maintenance of this data is part 
of the financial accounting function. This data showed that most of the buildings were fully occupied throughout the 
analysis period. Limited vacancy was noted in the analysis of three of the buildings. 

Occupants’ requests and complaints are reported to an independently operated tenant helpdesk. Occupants can 
either phone or use a web-based service to register requests or complaints which are assigned against predefined 
categories, eg too ‘hot/cold’ temperatures. These service requests are stored in a database and automatically 
forwarded to the building manager’s handheld device for action and a response. For the period 1 January 2005 until 
October 2008, this process was managed by the owner’s ‘tenant portal’, an automatic system which operated in 
exactly the same manner as just described. The decision was made in 2008 to switch to an outsourced model to 
enhance data accessibility for analysis. No change in the use of the system has been observed, however this is being 
monitored. Reliable requests and complaints statistics are only available from 1 January 2005. 

2.4. Interventions identified retrospectively 
The portfolio’s owner commenced a program of investing in energy saving initiatives in 2003. In all cases this began 
with installation of sub-metering systems for electricity and natural gas. Business cases for capital investments, 
training programs, staff incentives and the like were subsequently identified through analysis of sub-meter data.  

Specific technology investments and non-technological interventions were retrospectively identified through 
interviews with facilities managers that worked on the portfolio during the analysis period. Financial records were 
reviewed for evidence of return on investment (ROI) expectations and to establish the timing and quantum of 
expenditure. In some cases the initiatives were portfolio-wide (e.g. introduction of staff ‘bonuses’ for energy savings) 
and in others they were building specific (e.g. lighting controls and building management system upgrades). These 
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sources, combined with the researcher‘s own recollections drawn from an association with the portfolio that 
commenced in July 2004, provide the data regarding the interventions.  

2.5. Trend analysis 
A baseline for each building’s performance (MJ/m2 per month; complaints/m2 per month) was established from 
energy usage data, helpdesk data, vacancy data, and NLA, as indicated above. The effectiveness of various 
investments in energy saving technologies and non-technological initiatives made over the period was then able to be 
evaluated retrospectively, in both energy and financial terms, by comparing the measured energy use intensity with 
the baseline’s magnitude and seasonal profile.  

The two buildings that produced the largest change (Buildings H and J) are discussed below to illustrate some of the 
emerging relationships. Bent Flyvbjerg, amongst others, has observed that “atypical or extreme cases often reveal 
more information because they activate more actors and more basic mechanisms in the situation studied” (Flyvbjerg 
2001:78). For this reason, and for brevity, the other more ‘typical’ cases are not discussed in this paper. 

3. FINDINGS 

3.1. Measured improvement in energy efficiency 
An average 29 percent reduction in the intensity of energy use was observed in the sample buildings over the 
analysis period (Table 1). This reduction from the 2004 baseline occurred over four years (2005 – 2008). 

These findings are broadly consistent with the portfolio’s 25 percent reduction in energy use per square metre (24 
percent reduction in GHG emissions) observed over the period 2003/04 – 2008, noting that the portfolio’s result was 
impacted by the owner acquiring a number of ‘below average’ buildings during the period. 

3.2. Detailed observations 
Each of the buildings was analysed in the manner outlined in section 2.5 above. Unfortunately occupant requests and 
complaints data was not available for Buildings D and G. 

The preliminary analysis suggests technology investments and non-technological interventions are important 
determinants of building energy performance and occupant satisfaction. Consolidation of data at this early stage, 
beyond that presented in Table 1 above, is therefore considered problematic because it has the effect of removing 
references to specific actions that may directly impact the data.  

3.2.1. Building J, Sydney 
Building J is a 32 level A-grade office building consisting of 29 office levels, ground floor foyer and one level of retail. 
It does not have a car park and is fully leased to a single tenant. 

As illustrated in figure 2, for two years the building did not show any improvement in energy performance. However, 
in late 2005 its energy consumption started to dramatically reduce. This coincided with the conclusion of tenancy 
refurbishment activities, the arrival of a new facilities manager and, importantly, some major upgrades to building 
plant and equipment that gave the building’s operations and facilities management team a greater opportunity to 
utilise the metering systems and take more effective control of the building’s mechanical services. 

 

Figure 2: Energy consumption and tenant air conditioning complaints at Building J, 2004–2008 
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Importantly, there appears to have been a close relationship between the improving energy performance and the 
number of complaints recorded from tenants via the helpdesk. As the building’s energy use reduced, the occupants’ 
dissatisfaction with their office comfort conditions appears to have reduced.  

Each of the flags marks the point where a significant intervention was made with the (part or exclusive) goal of 
reducing energy use. The following list gives an overview of significant technical initiatives implemented at the 
building during the period.  

1 Outside air dampers for economy cycle replaced ($72k) 
2 Building Management System (BMS) field controllers upgraded ($93k) 
3 New highly competent Facilities Manager appointed to manage the property 
4 Centrifugal chiller replaced with screw type ($221k) 
5 BMS controller program fine-tuned ($22k) 
6 Chiller oil additive introduced to enhance thermal conductivity ($35k) 
7 Installed individual floor dampers for skin Air Handling Units (AHU) ($109k) 
8 Installed lighting controls to base-building ($25k) 

 
Capital invested:    $627,000 

Total saving to-date (2005–2008):  $622,000  
Projected annual saving (at 25% ROI): $156,750 
Current annual saving (2008 cf baseline): $327,500 

3.2.2. Building H, Sydney 
Building H is a 23 level A-grade office building comprising 6 basement car parking levels (149 spaces), 2 ground floor 
retail levels together with 15 upper levels and a rooftop plant room. It is fully leased to a small number of tenants. 

A series of modest changes to building plant and controls empowered the management team to drive improvements. 
Initially this was aided by a significant vacancy in the building, however it is interesting to note that energy use did not 
increase again even after that vacancy was filled. The profile of energy use at the building now closely follows the 
seasonal profile suggested by the target line (refer to section 3.3). It is now possibly one of the greenest buildings in 
Australia in terms of energy performance – and therefore is responsible for relatively few greenhouse gas emissions. 

It should be noted that rapidly improving energy performance has corresponded with a dramatic deduction in the 
number of occupant hot/cold complaints, even as the level of occupancy increased. 

 

Figure 3: Energy consumption and tenant air conditioning complaints at Building H, 2004–2008 

The flags mark the following significant interventions. 

1 Outside air dampers for economy cycle replaced ($14k) 
2 On-floor air balance ($23k) 
3 BMS ‘head end’ (user interface) upgraded ($15k) 
4 Variable Speed Drives (VSD) to fans and pumps ($86k) 
5 Chiller oil additive introduced to enhance thermal conductivity (35k) 
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Capital invested:    $223,000 

Total saving to-date (2005–2008):  $736,000 
Projected annual saving (at 25% ROI):   $55,750 
Current annual saving (2008 cf baseline): $251,000 

3.3. Energy saving potential 
Seven of the eleven buildings experienced reductions in energy intensity of greater than 30 percent and four of the 
buildings achieved reductions that exceed the IPCC’s ‘market’ range of 15 – 37 percent. Only one of the buildings 
experienced an increase in energy use intensity over the period. Given the scale of the sample, its market average 
performance at the commencement of the analysis period, and the 29 percent reduction in its energy use intensity 
observed over only four years, the IPCC’s estimate of the ‘market’ opportunity appears to be conservative.  

Drawing on these findings, the owner has now set a target of reducing energy use to 60 percent below the 2004 
market average (i.e. a target of 275 MJ/m2.yr) for all buildings in the portfolio, including the eleven sample buildings. 
The ‘60 percent target’ curve in the above figures indicates the accessibility of this goal (Fig. 2 and 3). Given 
commercial buildings of all types may account for 10 percent of global GHG emissions, this analysis suggests the 
sector could potentially contribute a 6 percent reduction in global GHG emissions within only a few years by drawing 
on a combination of existing technologies and appropriate management techniques.  

4. DISCUSSION  

4.1. Relationship between energy intensity and occupant satisfaction 
A relationship appears to exist between the sample buildings’ energy performance and the number of complaints by 
occupants about ‘hot’ or ‘cold’ temperatures. As the sample buildings’ energy efficiency improved, the occupants’ 
apparent discomfort (or dissatisfaction) levels decreased. Similarly, complaints increased during periods when a 
building’s rate of energy savings slowed or reversed. Of the nine sample buildings with reliable helpdesk data, eight 
presented this relationship. Only Building K, which showed a marked reduction in complaints relative to a modest 
reduction in energy use, appeared to challenge this observation. Bordass, Leaman and Ruyssevelt provide one 
possible explanation for this: 

There is little or no direct relationship between comfort and energy efficiency, but an important indirect one, in that 
good management of the procurement of a building and its subsequent operation can help to deliver simultaneous 
comfort, energy and organisational benefits (Bordass et al 2001:149). 

This observed relationship between energy use and occupant comfort has the potential to add another (profitable) 
dimension to the return on investment calculation for energy efficiency initiatives in commercial buildings. 

4.2. Relationship between technology and non-technological factors 
In the examples presented above, the energy savings observed at Building J are double that required to meet the 
owner’s criteria for return on capital investments; savings at Building H are almost five times higher than the expected 
return. These buildings produced the largest energy savings over the analysis period. Other buildings, in particular 
those that produced lower than average energy savings, showed a return on capital investment that was in some 
instances less than anticipated, implying that management interventions had a negligible or potentially negative 
impact. 

Preliminary observations suggest that technology investments and management interventions were each responsible 
for approximately half of the reduction in the sample’s energy use. It appears that the effectiveness of technology 
investments is influenced by the motivation and competency of the building management teams. For example, 
evidence was found that the energy savings attributable to the introduction of sub-meters (installed in all buildings 
immediately prior to commencement of the analysis period) is related to the competency of the building manager and 
his willingness to monitor them. This may support the IPCC and LEHR propositions regarding the importance of non-
technological factors, and the case for training, reporting and incentives, but more research is required.  

5. NEXT STEPS 

5.1. Action research 
This preliminary analysis suggests investments in technologies and non-technological initiatives, when combined, 
can produce excellent energy, financial and occupant satisfaction outcomes and that each outcome is related to the 
others. Action research focussing on the effect of changes to occupied commercial office buildings’ technology and 
management over a period of time may be able to aid in identifying and quantifying the importance of such 
relationships and the factors which influence them. 

Drawing from the literature and evidence from portfolio data, we propose to undertake action research to determine 
the actions and conditions that contribute to and detract from commercial office buildings’ ability to achieve 
predictable energy and comfort performance and also, therefore, anticipated commercial outcomes. Anomalies will 
be analysed to identify the possible causes of success and failure. Attempts will be made to replicate the successes 
and correct the failures. By researching performance in a ‘live’ commercial office portfolio, observed relationships can 
be tested as they are identified through specific targeted actions integrated into the buildings’ operations. The scale 
of the GHG abatement and employment creation opportunities will be considered in light of the research findings. 
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CONCLUSION 

From this analysis of a sample of buildings from an Australian commercial office portfolio, investments in 
technologies and non-technological initiatives, when combined, appear to produce excellent energy, financial and 
occupant satisfaction outcomes. The 29 percent reduction in the sample buildings’ energy use is highly significant. 
This reduction, achieved over four years, is towards the top end of the IPCC’s suggested ‘market’ range of 15 – 37 
percent reduction potential. Furthermore, four of the eleven buildings have achieved reductions that exceed this 
range, suggesting the IPCC’s estimate of the ‘market’ opportunity is conservative in the Australian context. 
Furthermore, the observed relationship between energy use and occupant satisfaction has the potential to expand 
the market-based opportunity by adding another dimension to the return on investment calculation for energy 
efficiency measures. 

Action research focussing on the effect of changes to occupied commercial office buildings’ technology and 
management over a period of time is proposed in order to further identify, quantify and understand the dynamics 
which affect energy intensity, comfort performance and also, therefore, commercial outcomes. 
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