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ABSTRACT: This paper presents observations and preliminary findings from action research that 
addresses the opportunity to save energy and provide greater thermal comfort by adjusting air 
temperature setpoints in office buildings to better reflect external weather conditions and occupants‟ 
clothing insulation choices during summer. 

The study, which commenced in 2009, focuses on large centrally air-conditioned commercial office 
towers located in Australian capital cities. We refined our approaches for the period 1 November 2010 
– 31 March 2011 to test the findings of the previous year‟s interventions presented at ANZAScA 2010.  

A reduction in Heating, Ventilation and Air Conditioning (HVAC) electricity usage of 8% against a 
2008/09 baseline was recorded, and occupant complaints as a proportion of all complaints recorded 
with a tenant helpdesk declined by 16% over the same period. Furthermore, HVAC energy use during 
the 2010/11 summer became more dependent on ambient air temperatures than it had been during the 
previous two summers. These encouraging observations require further investigation in light of the 
challenges associated with action research in occupied commercial buildings. The paper should 
therefore be read as an update on the results of important on-going research in a field with 
considerable significance for office-based workers and the mitigation of greenhouse gas emissions.  

Conference theme: Sustainability Issues  
Keywords: temperature setpoints; adaptive comfort; energy efficiency; commercial buildings; office 
buildings. 

INTRODUCTION 

The widespread over-cooling of large centrally air-conditioned office buildings in Australia during summer is 
responsible for excessive and unnecessary energy use, greenhouse gas emissions and financial expense. This 
paper presents the latest findings from on-going action research that is addressing these issues and, at the same 
time, seeking to enhance occupant comfort by operating buildings in a way that responds to seasonal variations in 
people‟s clothing, behaviour and expectations. 

Most office buildings in Australia are operated to maintain an internal air temperature range of between 20°C and 
24°C year-round. This is usually formalised as an obligation in the leases between building owners and tenants and 
met by programming Building Management and Control Systems (BMCS) to target 22.5°C ± 1.5 in summer and 
21.5°C ± 1.5 in winter. Such conditions are below the summertime comfort zone prescribed by the International 
Standards Organisation (ISO, 2005) and the American Society of Heating Refrigerating and Air-Conditioning 
Engineers (ASHRAE, 2010) which recommend a range from 23 to 26°C for sedentary or lightly active occupants 
wearing typical summertime office attire of about 0.5 clo units. Furthermore, the air temperatures preferred by office 
building occupants vary with seasonal and daily weather conditions because occupants adjust their clothing 
insulation. In summer, and on warm days, occupants wear fewer and lighter clothes; in cooler weather they wear 
more and heavier clothes.  

The energy used for HVAC of buildings also varies with seasonal and daily weather conditions, and can be impacted 
by a variety of factors aside from the underlying efficiency of the plant and equipment such as occupancy rates and 
tenant equipment loads. Temperature setpoint (thermostat) changes that reduce the differential between internal and 
external temperatures produce HVAC energy savings by reducing the amount of work that systems are required to 
do. They can also improve a building‟s capacity to maintain preferred internal temperatures under a greater range of 
external conditions. 

The research described in this paper is focussed on the opportunity to achieve both greater occupant comfort and 
energy savings by adjusting air temperature setpoints in large centrally air-conditioned office buildings to reflect 
warmer outside air temperatures and occupants‟ clothing insulation choices during the warmer months (our focus is 
the period from 1 November to 30 April). The buildings involved in the study are fully occupied commercial office 
towers located in the Australian capital city Central Business Districts (CBDs) of Sydney, Melbourne and Brisbane. 
During 2009/10 we adopted two approaches: temperature setpoints were either adjusted uniformly according to the 
season (referred to as the “static method”); or, fine-tuned according to daily and hourly changes (“dynamic method”). 
The preliminary findings of those interventions were presented at ANZAScA 2010 and subsequently published 
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(Roussac, Steinfeld, & de Dear, 2011). The static method did not involve any intervention other than the initial 
setpoint change, whereas the dynamic approach employed a proprietary system that uses multi-agent systems 
science and machine learning techniques to automatically learn HVAC system behaviour and then deliver to 
occupants air temperature, air velocity and relative humidity that are considered appropriate according to the model 
in ANSI/ASHRAE Standard 55-2010 „Thermal Environmental Conditions for Human Occupancy‟ (ASHRAE, 2010; 
Ward, Wall, West, & de Dear, 2008). We refined the approaches for the period 1 November 2010 – 31 March 2011 to 
test the findings of the previous year‟s interventions in an effort to achieve better energy and occupant satisfaction 
outcomes.  

The results of our 2010/11 interventions, described in the following pages, are both encouraging and ambiguous and 
highlight the challenges of conducting action research in large and complex operating commercial office buildings. 
This paper should therefore be read as an update on the results of important on-going research in a field with 
considerable significance for the productivity and wellbeing of office-based workers and the mitigation of greenhouse 
gas emissions.  

1. BACKGROUND AND OBJECTIVES 

1.1. Coolbiz 

In a simple strategy to meet its Kyoto Protocol 6% greenhouse emission reduction target, Japan‟s Ministry of 
Environment launched a national campaign in 2005 in which summer-time set-points were lifted from their usual 
setting at 26-27

°
C up to 28

°
C (Tanabe, 2011). To compensate for the increased temperatures, office workers were 

encouraged to eschew the conventional office attire in favour of a casual and climatically more appropriate line of 
clothes labelled “Cool Biz.” To date scant empirical evidence of the campaign‟s efficacy at reducing HVAC energy 
has been published in the international literature, but the fact that it has been repeated each summer since 2005, and 
that a winter-time campaign dubbed “Warm Biz” has also been implemented, both augur well.  

1.2. Smart thermostats 

Over the summer of 2006/07 CSIRO conducted a “smart thermostat” trial at a 10,555m
2
 office building in Melbourne 

owned and operated by Investa Property Group. The trial had two primary focuses: 

 reducing annual energy consumption and greenhouse gas emissions by making a seasonal temperature 
setpoint (thermostat) adjustment; and  

 reduce building electricity demand by temporarily raising temperature setpoints during times of summer 
peak demand (Ward & White, 2007). 

The study used three approaches to evaluate energy savings potential from raising indoor air temperature setpoints, 
and all showed encouraging results. The first involved the selection of three days with very similar ambient 
conditions, including maximum temperature, temperature profile, relative humidity, cloud cover and wind speed & 
direction. Trials on those days (maximum ambient air temperature ranged between 26.1°C and 26.9°C) found a 15% 
reduction in total HVAC power demand per degree Celsius increase in indoor air temperature.  

The second approach was to plot power demand data points as a function of external (ambient) temperature for 
periods of reasonably steady state conditions (Figure 1). That method identified a 10% to 20% change in total HVAC 
power demand for a 1°C change in indoor air temperature, which was consistent with the near-identical weather 
conditions experiments. 

 

Source: (Ward & White, 2007) 

Figure 1: Influence of external temperature and building setpoint temperature on HVAC power consumption 
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The third approach involved transient modelling of the full data set to characterise the building and draw more 
sophisticated conclusions based on the range of factors typically encountered in day-to-day operation. The model 
found ±12.1kW in total HVAC power demand per degree Celsius change in indoor air temperature, corresponding to 
a reduction in total HVAC power demand of 5% to 10% per degree Celsius increase in summer setpoint. Ward and 
White stated this slightly lower figure “is representative of the total (i.e. whole of season) savings available through 
thermostat setpoint changes – not just those achievable at the peak of hot days” (p. 12). 

The report acknowledged that “more buildings should be tested to determine the extent to which [these results] can 
be applied generically to other buildings” (p. 20). 

1.3. Two strategies adopted during 2009/10 

Drawing on evidence from the programs cited above, the authors commenced a study at 33 large mechanically 
ventilated office buildings where setpoints were adjusted throughout the period 1 November, 2009 to 31 March, 2010 
using either:  

 a static control strategy (i.e. raising temperatures 1°C higher than normal over summer), or  

 a dynamic approach (i.e. adjusting temperatures in direct response to variations in ambient conditions).  

Preliminary findings, presented at ANZAScA 2010, suggested that occupant comfort, quantified by frequency of 
„complaints‟ registered with a tenant helpdesk, was adversely affected in both trials. It was later found that while 
complaints increased in absolute terms, proportionally to the increase in the use of the helpdesk, complaints were 
lower. The 1°C static setpoint increase was associated with a 6% reduction in daily HVAC energy use, compared to a 
1.4% reduction for the buildings where the dynamic approach was adopted (Roussac, Steinfeld, & de Dear, 2010).  

1.4. Objectives for the 2010/11 summer period 

We found that both strategies required further investigation using an action research approach seeking to replicate 
successes and eliminate factors that contributed to underperformance. In particular, we found evidence that Variable 
Air Volume (VAV) air distribution systems may have undermined the effectiveness of increasing setpoints using the 
static method because decreased airflow when internal temperatures were at setpoint, coupled with the rise in the 
setpoint, may have caused an increase in „too hot‟ and „too stuffy‟ complaints. Also, we found evidence that automatic 
electric „re-heat‟ systems may have inadvertently „turned on‟ during cooler periods to ensure the zone temperature 
setpoints (which were raised by 1°C) were maintained with a deadband of ±1.5°C (Roussac, Steinfeld, et al., 2011). 

HVAC energy consumption is responsible for approximately 55% of commercial building greenhouse gas emissions 
(DEWHA, 2009), so a reduction in total HVAC power demand of 5% to 10% suggested by the “smart thermostat” trial 
corresponds to 2.8% to 5.5% savings at the building level. The authors‟ on-going objective is to test the energy 
saving potential of applying higher than normal temperature setpoints in a „real world‟ operating environment. The 
intention is to enhance occupant comfort at the same time, noting the common internal temperature band of 22.5°C ± 
1.5 falls below the 23 to 26

°
C comfort zone prescribed by ISO-7730 and ASHRAE-55 for sedentary or lightly active 

occupants wearing typical summertime office attire of about 0.5 clo units (ASHRAE, 2010; ISO, 2005). Furthermore, it 
has been noted that within the selected portfolio of buildings a significant proportion of air conditioning complaints 
during summer are for conditions being “too cold”, as illustrated in figure 2. 

 

Source: (Steinfeld, 2010) 

Figure 2: Approximately 1/3 of temperature complaints in summer are about conditions being “too cold”. 
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Energy expenditure accounts for approximately 15% of the selected portfolio‟s operating budget and in the majority of 
cases these operating costs are borne by the owner. Therefore, a direct reduction in energy use of (say) 5% would 
equate to a 0.75% reduction in running costs, the majority of which would pass to the owner and contribute to an 
increase in net operating income. 

A less direct, but potentially more important, benefit derives from the positive relationship between tenant satisfaction 
and retention. The owner identifies air-conditioning as an important factor in tenant stay/go decisions. As such, an 
improvement in occupant comfort may have a positive impact on tenant retention and portfolio income. 

2. METHOD 

2.1. Portfolio selected 

In 2009 there were 22 million square metres of Net Lettable Area (NLA) in Australian commercial office buildings 
(Property Council of Australia, 2009). This study focuses on a single portfolio of large office buildings in the 
Melbourne, Sydney, North Sydney and Brisbane central business districts that accounts for approximately 3.5% 
(759,000m

2
) of the national total. The portfolio operates under a common management platform and yet the 

performance of its buildings ranges widely on account of the diversity of building ages and „attributes‟ (such as façade 
systems, building management and control systems, plant and technologies). The portfolio‟s owner has supported 
the research for the past two summers and assisted the authors with the coordinated implementation and monitoring. 

2.2. Static intervention 

For the 2009/10 summer, temperature setpoints were raised to a level 1°C higher than they had been during the 
baseline summer of 2008/09. In the majority of buildings this meant setpoints were 23.5°C ± 1.5, however, in some 
instances the setpoints were slightly higher or lower on account of individual building characteristics. 

For the 2010/11 investigation, building operators, working with the researchers, reviewed site constraints, and energy 
and complaint data from the 2009/10 phase to select the approach considered most likely to enhance occupant 
comfort and reduce HVAC energy demand in each building. For the period Monday 1 November, 2010 to Thursday 
31 March 2011, 24 buildings were operated throughout the period using one of the following six approaches: 

Option 1: Floating temperature setpoints based on ambient conditions, OR 

Option 2: Time-of-day based setpoints, OR 

Option 3: Simple setpoint increases (as per previous study), COMBINED WITH (OR WITHOUT) 

Complementary comfort strategy: Optimal start and modified plant operation times. 

A detailed record was kept of every action (many buildings have multiple zone setpoints), implementation challenges 
and tenant feedback. In some cases setpoints and control parameters had to be readjusted to address specific 
occupant concerns and this was recorded.  

2.3. Dynamic intervention 

The „dynamic‟ approach involved varying the internal conditions in response to external conditions. Supply air 
temperature and velocity were allowed to vary while maintaining the Predicted Percentage of Dissatisfied (PPD) 
occupants for a given set of conditions below 10% (PPD <10%). Load shifting strategies and optimised plant 
start/stop strategies were also utilised.  

A commercialised version of a CSIRO-developed intelligent HVAC supervisory control system underpinned the 
dynamic approach (for a detailed description of the prototype refer to: Ward, et al., 2008). In each case the system 
was retrofitted to an existing BMCS through industry-standard control interfaces. According to a description of the 
prototype version, the intelligent HVAC controller “utilises multi-agent systems science and machine learning 
techniques to automatically form models of the surrounding built environment, using these models to evaluate 
different control strategies for determining optimal HVAC operating schedules” (Ward, et al., 2008, p. 2). 

3. EVALUATION MODEL 

3.1. Static intervention  

Data from 2008/09 and 2009/10 were used to baseline energy saving calculations. Setpoints throughout the 2008/09 
summer were generally at the industry-standard 22.5°C ± 1.5, providing the baseline to evaluate the effect of the 1°C 
increase in 2009/10. The 2009/10 data (as a baseline) supported a subsequent evaluation of the more building-
specific initiatives undertaken throughout the 2010/11 summer period.  

15 minute base building HVAC electricity data was collected from energy sub meters along with 15 minute external 
temperature readings from nearby Bureau of Meteorology (BoM) measuring stations. The data was consolidated into 
daily „work-day‟ total HVAC energy consumption (calculated for periods between 7am and 7pm to capture plant run 
hours while attempting to exclude after hours consumption) and daily „work-day‟ average temperature, as calculated 
between 8:30am and 5:30pm.  

Three scatter plots were developed for each building to compare daily average temperature with daily total HVAC 
consumption: one for each summer period. A line of best fit was drawn for each to enable a comparison of the 
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variation in daily energy consumption to external temperatures. To quantify the reduction in electricity consumption 
attributable to the temperature setpoint increase at each building, the previous years‟ line of best fit was used as the 
baseline to calculate electricity savings. As such, following the load response profile of 2008/09 and 2009/10, run 
using 2010/11 temperatures, the analysis of the impact of the 2010/11 building specific setpoint raises could be 
calculated compared to the preceding two summers. Figure 3 shows the scatter plot analysis for a Brisbane building, 
which shows a 13.1% saving compared to 2008/09 and an 8.5% saving compared to 2009/10. 

 

Figure 3: Scatter plot analysis for a Brisbane building showing a 13.1% saving compared to 2008/09 and 8.5% 
saving compared to 2009/10 

Over the 2010/11 summer the internal temperature setpoints were varied in 24 buildings around Australia and 15 of 
these were analysed to assess the effectiveness of setpoint strategies. Several of the buildings in the study were 
excluded on account of missing sub meter data or the impact of significant operations such as refurbishment works.  

3.2. Dynamic intervention  

The dynamic method involves the active management of the buildings‟ air conditioning systems, including controlling 
air temperature and air flow, based on a range of external climate factors and predicted energy demands. As such, a 
more advanced climate adjusted performance model was developed for each building using historical energy and 
climate data to predict what the buildings‟ energy consumption may have been if the dynamic intervention was not in 
place. This modelling utilised multiple linear regression to explain the relationship of one variable to several 
independent variables. The output of the regression model is a formula which infers the relationship of HVAC 
consumption to the climate variables. A coefficient of determination (R

2
) was calculated for each building, to give an 

indication of the strength of the fit between the model data and the actual data over the „learning‟ period.  

BOM 15-minute interval temperature and humidity data was used to create the explanatory variables of daily 
„workday‟ mean temperature, daily maximum temperature, daily „workday‟ mean humidity, overnight mean 
temperature and day of the week. Weekends and public holidays were removed from the analysis. For each building 
the regression „learning‟ period was from the commencement of data gathering until the date that the dynamic 
intervention was first implemented (generally 1-1.5 years of data). From the date of implementation onwards, the 
model predicts daily „workday‟ electricity consumption, which is used to baseline the dynamic approach‟s success as 
illustrated in figure 2. This is shown as an example for a Sydney building in Figure 4, which shows a 10.3% saving 
from predicted. 
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Figure 4: The model for a Sydney building which shows a 10.3% saving from predicted 

4. FINDINGS 

Findings are based on data from 15 of the initial group of 33 office buildings involved in the 2009/10 research. To be 
included, buildings needed to maintain relatively stable operations throughout the period 1 November 2008 – 31 
March 2011. Buildings were excluded for a variety of reasons, including: where significant refurbishment activities 
impacted operations, metering inaccuracies, change of use and change of ownership. 

4.1. Static intervention  

The energy savings achieved at buildings that participated in the static intervention are summarised in tables 1–3. A 
general improvement was observed in 2010/11 compared to previous years, as measured by the percentage 
reduction in HVAC electricity use compared to the 2008/09 and 2009/10 baselines. 

Table 1: All Buildings in static summer setpoint raise (15 Buildings) 

Baseline Reduction in HVAC electricity in 2010/11 compared to 
baseline 

2008/09 8.0% 

2009/10 4.1% 

 

Table 2: Buildings with „floating‟ setpoint increases (7 Buildings) 

Baseline Reduction in HVAC electricity in 2010/11 compared to 
baseline 

2008/09 10.3% 

2009/10 1.3% 

 

Table 3: Buildings with „simple‟ setpoint increases (6 Buildings) 

 Reduction in HVAC electricity in 2010/11 compared to 
baseline 

2008/09 10.6% 

2009/10 5.2% 
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4.2. Dynamic intervention  

The energy savings achieved at buildings which participated in the dynamic intervention are summarised in table 4. 

Table 4: Buildings where dynamic intervention has been applied (not limited to summer) 

 Total Consumption (kWh) Total Prediction (kWh) Reduction in HVAC 
electricity consumption 

Building ID 1260 1,220,164 1,223,196 0.2% 

Building ID 1000 388,309 433,091 10.3% 

Building ID 3000 738,062 827,826 10.8% 

Building ID 4000 1,686,618 1,887,638 10.6% 

Building ID 6400 48,834 60,715 19.6% 

 4,081,988 4,432,466 7.9% 

 

4.3. Occupant complaints  

The trends in tenant complaint data recorded with the tenant helpdesk (web portal) are summarised in table 5. Note 
the increase in total complaints has been attributed to the owner‟s promotion of the help portal service. 

Table 5: Complaints recorded with tenant helpdesk 

 2008/09 2009/10 2010/11 

HVAC complaints 1,199 1,450 1,546 

All complaints excluding HVAC complaints 5,638 6,999 8,611 

Simple increase from 2008/09 21% 29% 

Normalised increase in HVAC complaints from 2008/09 -3% -16% 

 

5. DISCUSSION AND RECOMMENDATIONS 

We have observed a two-step reduction in HVAC energy use associated with the static setpoint increase over the 
course of two summers. Likewise, HVAC complaints as a proportion of all complaints registered with the tenant 
helpdesk also declined from the 2008/09 baseline, modestly in 2009/10 and then more substantially in 2010/11. 
These trends indicate that some of the refinements made in response to observations from 2009/10 may have been 
successful. In particular, the approach of working with building operators to review site constraints and data from the 
2009/10 summer to select one of six approaches described at 2.2 (above) appears to have been successful.  

For the past two summers the static and dynamic approaches have achieved almost identical results, although it 
should be noted that the dynamic approach‟s sample was considerably smaller and we included all available data to 
evaluate that approach (did not limit to summer) to generate sufficient data points to produce a thorough analysis. It 
could be that this impacted those results adversely given the inclusion of days with cooler weather conditions. 

We noted in the preliminary evaluation of our 2009/10 study that Variable Air Volume (VAV) air distribution systems 
“may have limited the opportunity for occupants to achieve comfort at the raised setpoints on mild days because of 
„stuffiness‟ attributed to the limited airflow demand” (p. 152). We believe this continues to be a significant issue. On 
the other hand, our concerns that the zone electric reheats in some buildings may have turned on during the cooler 
mornings, thereby contributing to increased consumption (p. 152), appear to have been overcome with the 
introduction of a floating setpoint option. 

The major challenge with a study of this nature is accounting for the impact of the operators‟ on-going efforts to 
reduce HVAC energy use aside from those initiatives specifically identified in the research. Even controlling for 
factors mentioned at the introduction to section 4, subtle changes occur in large complex buildings all the time. These 
can include technological adjustments to plant and equipment and changes in the behaviour and approach of building 
operators (For a discussion of the 'human' variables relating to the operation of the subject portfolio see: Roussac, de 
Dear, & Hyde, 2011). We have not quantified the impact of such factors; however, we believe that by excluding 39% 
of the buildings where obvious changes were observed (13 of the initial 33), their potential bearing on the overall 
results has been limited.  

During the 2010/11 summer HVAC energy use became more dependent on ambient air temperature than it had been 
in the previous two periods, as illustrated at figure 5. We believe this may have been on account of an increase in 
enthalpy associated with a wetter summer and the introduction of floating setpoints, which look to reflect variations in 
external conditions on internal setpoints. This observation requires further analysis and may partially explain a 
reduction in HVAC electricity use that is at the upper end of the expected improvement range. 
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Figure 5: Scatter plot analysis for the six Sydney buildings with floating setpoints 

The methods outlined in this paper appear to have contributed to a reduction in HVAC energy use and occupant 
discomfort at the large centrally air conditioned office buildings involved in the study, particularly during the 2010/11 
summer. We will undertake further research over the course of the 2011/12 summer using a mode of inquiry which 
will seek to isolate the impacts of as many variables as we can with the instrumentation and controls available to us. 

CONCLUSION 

The results of our 2010/11 interventions are both encouraging and ambiguous and highlight the challenges of 
conducting action research in large complex operating commercial office buildings. This paper should therefore be 
read as an update on the results of important on-going research in a field with considerable significance for the 
productivity and wellbeing of office-based workers and the mitigation of greenhouse gas emissions.  
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