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ABSTRACT 

 

This study investigates the impact of occupancy assumptions on the accuracy of simulated energy performance of Australian office buildings in the 

design stage. The first part of this paper will present the results of occupancy surveys of a limited number of Australian office buildings performed 

by the author.  

The second part of the paper utilises the data from the occupancy surveys to quantify the difference between the predicted energy performance of 

buildings using a range of values for occupancy based on the surveys and the predicted energy performance of the same building models using the 

National Australian Built Environment Rating System (NABERS) occupancy assumptions. The study aims to determine if use of the 

NABERS assumptions causes significant distortions in modelled energy performance. 

INTRODUCTION 

The preliminary work performed for this paper consisted of occupancy surveys of six Canberra buildings. The results 

of these surveys were used to inform the levels of occupancy in the following simulation studies. The aim of these 

simulations was to determine the impact of occupancy assumptions on the modelled energy efficiency of office buildings. 

The simulations were performed for the climates of Darwin, Melbourne and Sydney, Australia.  

In building simulation, data on the number of occupants in each conditioned zone for each hour is used to calculate 

heat gains from them as well as the minimum amount of outside air required. The assumed occupancy also affects the load 

from plug-in equipment assumed for modelling. Overestimation of occupancy leads to over sizing of air conditioning 

equipment and this is a common reason for poor building energy performance (Lee et al, 2001).  

There are three ways of describing the number of occupants in a building (Arup, 2001):  

 the actual number of people on-site at a given time,  

 the full-time equivalent (FTE) of all people employed in a building, and  

 the total number of workspaces in the building. 

When counts of the number of occupants are converted to densities, there are two variations of the figures calculated: 

per gross internal floor space (including amenities, lifts, corridors) and per net internal floor space, which excludes space 

not normally occupied all day. This net internal floor space is referred to in Australia as net lettable area (NLA). 

The NABERS Energy Guide to Building Energy Estimation (NSW Government Office of Environment and 
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Heritage, 2011) recommends a default occupancy assumption of 15 m²/person (161.5 ft²/person) for use in energy 

simulation. This is a measure of NLA/person present in the building. Previously this default had been 18 m²/person 

(193.8 ft²/person) (NSW Department of Environment, Climate Change and Water, 2005). 

The Australian standard for ventilation design, AS 1668:2002 (Australian Standards, 2002) recommends assuming 

10 m²/person (107.6 ft²/person) for ventilation design based on NLA per person present in the building. The UK 

Chartered Institute of Building Services (2006) suggests benchmark allowances for internal heat gains of 12 m²/person 

(129.2 ft²/person) and 16 m²/person (172.2 ft²/person) for general offices; 6 m²/person (64.6 ft²/person) and 

10 m²/person (107.60 ft²/person) for city centre offices; and 5 m²/person (53.8 ft²/person) for trading/dealing or call 

centre floors. 

The data from published surveys discussed below refers to FTE employed in a building per NLA regardless of 

whether they are actually present. The numbers used in simulation and described as the survey results for this paper are 

people present in the building at the time. 

A survey of 500 UK office buildings found that the average occupant density was 16.6 m²/person (178.7 ft²/person) 

(Dias and Eve, 1997). This study concluded that occupant density was much less than assumed by property management 

rules of thumb. 

Similarly an Australian study found the average office occupant density for Australia is 20.6 m²/person 

(221.7 ft²/person) (Warren, 2003a). Approximately 25% of offices studied had density lower than 25 m²/person 

(269.1 ft²/person). Public sector offices were found to occupy 16.8% more space than private sector offices employing the 

same number of people. 

In the United States, a review of 100 office buildings found occupancy averaged 28.6 m²/person (307.8 ft²/person) 

(Persily et al, 2006). Buildings were found to have excessive ventilation rates as the outdoor air settings of the air 

conditioning systems were designed using overestimates of occupant densities. 

One reason surveyed occupancies are lower than those typically assumed for design and building simulation is that in 

planning workspace organizations usually allow for growth in work volume and staff numbers (McGregor, 2000). Work 

practices such as hot desking and e-working are becoming increasing common and they reduce office density in Australian 

offices on average by 5% for each office using them (Warren, 2003a). 

To monitor actual occupancy a number of techniques have been suggested including use of video cameras, recording 

log-in data from personal computers and monitoring access control techniques, for example, swipe cards (Tamartik, 2008). 

A UK study using login data from personal computers found that only 74% of an organisation’s FTE employees were in 

their office building in a given working day (Pugsley and Haynes, 2002). 

In Australia, walkthrough surveys found that at the peak time of building occupancy 90.9% of FTE employees were in 

their office (Warren, 2003b). Similarly, in Hong Kong, count surveys of people entering and leaving office buildings found 

that occupancy was 68% of that assumed (Lee at al, 2001). As a consequence of occupancy being lower than assumed for 

air conditioning design, air conditioning equipment loads were on average 77% of that typically assumed for design 

purposes. This study concluded that the over sizing of equipment due to these assumptions caused an increase in annual 

electrical consumption of 6 - 22%. 

METHODOLOGY 

Occupancy checking 

The occupancy of the six Canberra office buildings was checked by head counts of people entering and leaving the 

office over ten minute intervals from 6am to 10am and from 3pm to 8pm. The buildings were checked on a single day. 

Representatives from the building were contacted to ensure that the day checked was a typical day, for example, there were 

no flu epidemics, strikes or unusual circumstances that would cause the building to be more or less occupied than usual. 

The building NLA was verified and full occupancy was confirmed. The checks were performed mid-week and outside of 

218 ASHRAE Transactions

http://www.environment.nsw.gov.au/


school holidays so the counts could be considered a maximum occupancy situation. 

Clearly, there are limitations to the data collected: all buildings were in Canberra, all buildings had a single government 

tenant and the checks were performed for only one day for each building. The aim of the checks was simply to determine 

whether occupancy assumptions typically used in simulation are likely to be a source of inaccuracy. The data presented 

below is not intended to present conclusions of accurate occupant densities in Australian office buildings. 

Simulations 

Table 1 summarises the characteristics of the six buildings simulated for this study. Buildings One, Two and Three are 

recently built Canberra office buildings which have been designed to achieve a NABERS of approximately 4 stars. Buildings 

One and Three had substantial shading from nearby buildings and all three had non-uniform shapes typical of real 

buildings. Each of these buildings had zones of unconditioned space. Building One and Three had large underground car 

parks. The zoning and air conditioning modelled in these buildings was as used for the actual constructed building. In 

changing the location of the model no attempt was made to adapt it to the climate. 

Buildings Four, Five and Six are the San Francisco versions of benchmark offices developed by the US Department of 

Energy for use with EnergyPlus (Deru et al, 2008). These are three offices are simple four-sided models. They do not have 

adjacent buildings, complex geometry, unconditioned spaces or underground car parking. The zoning for these buildings 

was limited to perimeter zones and a single central zone. The modelled air conditioning system was highly simplified 

serving these basic zones and auto sized based on NABERS default occupancy. 

The NABERS peak occupancy density of 15 m²/person (161.5 ft²/person) and the NABERS occupancy profile, 

shown in the first column of Table 3, were used to model the base case for each building. To create the variants of the base 

case, the peak occupancy was varied as a proportion of the base case in increments of 20% from 20% to 120%. The 

fraction of occupancy as it varied over the day remained as shown in the NABERS default. Table 2 shows the occupancy 

density for each of the six percentages of the NABERS default modelled. These values were chosen to span the range of 

densities from the survey data shown in Table 3. The amount of plug-in power was based on the NABERS assumption of 

50% load when unoccupied and therefore adjusted between 60 and 110% of the full amount on accordance with the 

occupancy, as shown in Table 2. 

The buildings were modelled using EnergyPlus, the US Department of Energy’s building simulation package. The 

modelling was done in accordance with the NABERS Energy Guide to Building Energy Estimation (NSW Government 

Office of Environment and Heritage, 2011), providing default values for lighting and air conditioning operation. 

The modelling was performed for the climates of the Australian cities, Darwin, Melbourne and Sydney. Darwin, 

Latitude 12 50’, has a tropical savannah climate and is warm all year round. Melbourne, Latitude 37 49’, has an oceanic 

climate with warm summers and cool winters. Sydney, Latitude 33 50’, has a temperate climate with warm summers and 

mild winters.  

RESULTS AND DISCUSSION 

Occupancy testing 

Table 3 shows the outcomes of the occupancy checks performed and allows comparisons with the NABERS default 

values. For the six buildings surveyed, the area occupied per person when the building was fully occupied ranged from 

21.6 m² (232.5 ft²) to 47.3 m² (509.1 ft²) with an average of 28.6 m² (307.8 ft²). The average peak population was therefore 

31.7 to 69.4% of the NABERS assumption with the average being 52.4% of that assumption. All buildings had considerably 

fewer people than the NABERS assumptions allowed for. 

Occupants came into the building more slowly than assumed in the NABERS protocol. The exception to this was the 

small number of people who arrived between 6:00 and 7:00 a.m., at which time the NABERS protocol assumed no 
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occupants. At the end of the working day, the six buildings all were vacated more quickly than was assumed by the 

NABERS protocol. 

As previously discussed, this was quite limited survey carried out for only a single day for each of the six offices, all 

government offices in Canberra. The survey made no attempt to capture the flow of people in and out of the buildings 

between 10:00 a.m. and 3:00 p.m. when particularly over lunch there would be substantial changes in occupancy. This 

survey cannot be expected to produce statistically significant findings as to the actual occupancy of Australian office 

buildings. However the levels of occupancy and the times at which people flowed into and out of the building were 

substantially different from those in the NABERS assumptions. These differences indicate that further investigations of 

how office buildings are occupied are needed to enable accurate building simulation. 

Simulations 

The base building energy consumption for each of the modelled buildings using the NABERS peak occupancy 

assumption of 15 m²/person (161.5 ft²/person) and the NABERS hourly profile shown is shown in Table 4. Base building 

energy is all the energy used in the building except for power used for tenant lighting and appliances such as personal 

computers and printers. 

The results of the simulations for each of the buildings are shown in Figures 1 and Figure 2. Most simulations had a 

fairly linear change in energy use with occupancy. The direction of the response to increased occupancy depended on the 

balance between heating and cooling in the building/climate combination. Where cooling was most influenced by 

occupancy, energy consumption increased with occupancy and generally if heating was most influenced by occupancy, 

energy consumption decreased with occupancy. 

An unusual exception to this pattern is found in Figure 1 (c), showing the results for Building Three in Darwin. This 

building is highly insulated and very heavily shaded on both the eastern and northern sides. The building also has a high 

proportion of unconditioned space and approximately one third was unoccupied. Atypically for a Darwin building this 

building used quite a lot of heating. In addition, this building utilised a VAV reheat system that in the humid climate of 

Darwin modelled as using a significant proportion of the building’s energy. The interplay between these two energy uses 

resulted in the odd variation shown in Figure 1 (c). 

 

Figure 1: Simulated percentage change in base building energy use with variation on NABERS occupancy for actual constructed 
buildings (a) Building One (b) Building Two (c) Building Three 
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Figure 2: Simulated percentage change in base building energy use with variation on NABERS occupancy for EnergyPlus benchmark 
buildings (a) Building Four (b) Building Five (c) Building Six 

For Buildings One, Four, Five and Six in the Melbourne climate, increased occupancy reduced the total energy used 

due to the decrease in the heating required which more than offset the slight increase in cooling. For Buildings Two and 

Three in the Melbourne climate this was not the case. In Building Two the heating consumption was a small fraction of the 

total energy used due to the use of a heat recovery system in this building so while increasing occupancy impacted on the 

heating the effect was less than the increased need for cooling modelled. As previously discussed Building Three was highly 

insulated and shaded with little glazing on the eastern and northern sides and had a large proportion of its space unoccupied 

and/or unconditioned. Increasing occupancy decreased the need for heating in this building by only a small amount in 

Melbourne but had a more substantial effect in the increased need for cooling. 

Overall the artificial benchmark buildings shown least variation in energy use with occupancy and the graphs of their 

energy use against occupancy were the most linear. Figures 2(b) and 2(c) for Building Five and Building Six are very similar 

with most points varying by less than 1%. 

In considering the range of occupancy values from the survey data discussed in the previous section, i.e. 31.7 to 69.4% 

of the NABERS defaults with an average of 52.4%, the effect of these occupancies on energy consumption is substantial. 

For modelling with the Darwin climate across this range for all buildings energy consumption varied from 87.6% to 107.3% 

of the consumption at normal occupancy. For the Melbourne modelling this range was 93.9 to 102.9% and for Sydney 

modelling it was 88.3% to 101.4%. 

Considering only the average occupancy from the surveyed buildings, 52.4% of the NABERS assumption, the energy 

consumption ranged from 91.4 to 104.5% of the consumption at the default NABERS occupancy for Darwin modelling 

depending on the building. The corresponding range for Melbourne modelling was 95.1 to 105.4% and 91.5 to 102.3% for 

Sydney modelling. 

CONCLUSION 

The simple survey of six Canberra office buildings indicates that the occupancy of office buildings may be well below 

the values typically assumed for simulation. It also indicated that buildings fill more slowly and are vacated more quickly 

than the NABERS default assumptions indicate. 

The impact of lower occupancy values on the simulated energy consumption of the building was significant and varied 
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substantially between combinations of buildings and climates. The energy performance of the three models of actual 

buildings was affected more and in a less predictable way than the energy performance of the artificial benchmark models. 

These findings show that an accurate occupancy assumption is crucial to accurate simulation and in particular, with real 

buildings occupancy variations cannot be allowed for by a rule of thumb. 

ACKNOWLEDGEMENTS 

The plans and specifications of the building used in my research have been provided by building owners, facility 

managers and utilities. I appreciate very much the ongoing support of these organisations including, ActewAGL, Evri 

Group, Exergy Australia, Mirvac, Multiplex and Rudds.  
 

Table 1. Characteristics of Buildings Modelled for Impacts of Occupancy. 

Building 
Covered 

Area, m² (ft²) 

Net Lettable 

Area, m² (ft²) 
No of Floors 

Type of HVAC 

installed 
Glazing Insulation 

One  21,360  
(229,917) 

16,500  
(177,605) 

15 VAV with 
perimeter CV 

heating 

DG 6/12/6 
Evergreen Low-e 

R4 roof  
R2 wall 

Two 2,960  
(31,861) 

2,610  
(28,093) 

1 VRF with heat 
recovery 

SG Solar E R3.5 roof  
R1.75 wall 

Three 18,450  
(198,594) 

12,380  
(133,257) 

6 + 
basement 

VAV DG Argon filled 
reflective outer pane 

R6 roof  
R2.5 wall 

Four 510  
(5,489) 

- 1 DX with gas 
heating coil 

SG 
SHGC 0.34 

R4.5 wall 
R1.3 wall 

Five 4,982  
(53,625) 

- 3 DX with gas 
heating coil 

SG 
SHGC 0.34 

R1.2 wall 
R2.5 roof 

Six 42,757  
(460,232) 

- 12 + 
basement 

VAV with gas 
reheat 

SG 
SHGC 0.34 

R1.2 wall 
R2.5 roof 

 

Table 2. Area per Person for each of the Modelled Densities and Proportion of NABERS Appliance Load. 

Proportion of NABERS Default 

Occupancy Density (%) 

Area per Person, m² 

(ft²) 

Proportion of NABERS Appliance 

Load (%) 

20 75 (807.3) 60 

40 37.5 (403.6) 70 

60 25 (269.1) 80 

80 18.75 (201.8) 90 

100 15 (161.5) 100 

120 12.5 (134.5) 110 
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Table 3. NABERS Occupancy Defaults and Outcomes of Occupancy Checks. 

 

NABERS Bldg A Bldg B Bldg C Bldg D Bldg E Bldg F 

Avg Bldg 

A - F 

Area, m² 

(ft²) 

 

2,610 
   (28,093) 

16,500 
   (177,604) 

   18,450 
(198,594) 

39,900 
(429,480) 

7,274  
(78,296) 

8,975 
(96,606) 15,618 (168,111) 

Peak occupant 

number (persons) 121 650 390 1485 276 360 547 

Peak density, 

m²/person 

(ft²/person) 

15.0 
(161.5) 

21.6 
(232.5) 

25.4 
(273.4) 

47.3 
(509.1) 

26.9 
(289.5) 

26.4 
(284.2) 

24.9 
(268.0) 

28.6 
(307.8) 

Hour 
             0000-0100 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

     0100-0200 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

    0200-0300 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

0300-0400 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

0400-0500 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

0500-0600 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

0600-0700 0.0% 0.0% 1.3% 0.6% 0.1% 0.1% 0.6% 0.5% 

0700-0800 15.0% 7.0% 9.9% 8.9% 8.4% 10.7% 9.2% 9.0% 

0800-0900 60.0% 41.1% 50.3% 48.8% 43.0% 50.4% 49.6% 47.2% 

0900-1000 100.0% 86.8% 90.5% 93.2% 95.6% 101.9% 97.2% 94.2% 

1000-1100 100.0% - - - - - - - 

1100-1200 100.0% - - - - - - 
 1200-1300 100.0% - - - - - - 
 1300-1400 100.0% - - - - - - - 

1400-1500 100.0% - - - - - - - 

1500-1600 100.0% 99.4% 101.1% 102.6% 95.4% 93.8% 95.9% 98.0% 

1600-1700 100.0% 83.7% 80.5% 84.6% 85.5% 81.9% 89.0% 84.2% 

1700-1800 50.0% 33.6% 33.7% 35.3% 42.2% 37.0% 41.6% 37.2% 

1800-1900 15.0% 9.2% 8.4% 9.2% 8.2% 4.9% 5.7% 7.6% 

1900-2000 5.0% 2.1% 3.0% 1.6% 0.5% 2.9% 0.6% 1.8% 

2000-2100 5.0% 0.0% 0.0% 0.8% 0.5% 0.5% 0.5% 0.4% 

2100-2200 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

2200-2300 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

2300-2400 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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Table 4. Base Building Energy Consumptions of Modelled Buildings with Standard 15 m²/person 

(161.5 ft²/person) Occupancy Assumption. 

Building 
Base Building energy consumption, MJ/m² (,000 Btu/ft

2
) 

Darwin Melbourne Sydney 

One  161 (14.2) 80 (7.1) 82 (7.3) 
Two 182 (16.1) 82 (7.3) 92 (8.2) 
Three 434 (38.3) 292 (30.0) 303 (27.1) 
Four 402 (35.5) 270 (24.0) 276 (24.7) 
Five 474 (41.9) 454 (40.4) 379 (33.9) 
Six 412 (36.5) 418 (37.3) 336 (30.1) 
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