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Abstract: This study aims to understand the improvement in building performance vis-à-vis a rise in green 

building certification levels. It investigated the National Australian Built Environment Rating System 

(NABERS), one of the few government initiatives that rates energy performance, emissions, water consumption, 

and indoor environment quality (IEQ) separately based on their corresponding post-occupancy data. A set of 

2,657 certified records of office buildings and their performance data acquired from the NABERS database were 

analysed. Performance indicators for the analysis were energy use intensity (EUI), emission intensity (EMI), 

water consumption intensity (WCI), and indoor environment quality score (IEQS). The results revealed a linear 

relationship between each indicator’s performance data and certification level—a one-level rise reduced EUI, 

EMI, and WCI by 184.45 MJ/m2, 41.94 kgCO2-eq/m2, and 0.24 t/m2, respectively, per year on average. On the 

other hand, further rise in the level made the reduction less significant. The reduction also varied from the 

baseline, which is related to climatic and socioeconomic factors. This study also found that rise in IEQ and 

energy certification levels correspondingly raised the ratio of IEQS to EUI and EMI, indicating quality/load. 

Thus, compared with other major green building rating systems, NABERS could differentiate building 

performance more effectively using different certification levels. This study addresses the baseline issue as well 

and provides suggestions to improve NABERS and other green building rating systems. 

Keywords: green building rating system; energy use; carbon emission; water consumption; indoor environment 

quality; post-occupancy performance  
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ER Energy Rating 
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GBP GreenBuilding Programme 

HVAC Heating, ventilation, and air conditioning 

IAQ Indoor Air Quality 

IEQ Indoor Environment Quality 

IEQS IEQ Score 

KGBC Korean green building certification criteria 
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NatHERS Nationwide House Energy Rating Scheme 

Tukey HSD Tukey Honest Significant Differences 
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1 Introduction 

    Buildings not only account for a large amount of energy consumption and carbon emissions [1] but also have 

specific impacts on the economy and ecology [2]. They consume a lot of natural resources, such as land and 

water, and also produce harmful substances [3, 4]. To address the global challenge brought by energy and 

environmental issues, the concept of green building has been proposed and has developed rapidly over the past 

decades [5]. Green buildings are designed, constructed, and operated to improve occupants’ satisfaction and 

well-being, and reduce the utilization of natural resources as well as the adverse impact on environment [6]. 

Currently, different countries have their own green building rating system, aimed at their respective national 

conditions as well as the global market [2]. The most representative one is US’ Leadership in Energy and 

Environmental Design (LEED) [7]. Others include UK’s Building Research Establishment Environmental 56 
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Assessment Method (BREEAM) [8], China’s Assessment Standard for Green Building (ASGB) [9], Australia’s 57 

Green Star [10], Japan’s Comprehensive Assessment System for Built Environment Efficiency (CASBEE) [11], 58 

and Germany’s German Sustainable Building Council (DGNB) [12]. The different systems and their indicators 59 

are shown in Table 1—the ratings awarded usually range from 4 to 6.  60 

Table 1 Comparison between different green building rating systems 61 

Rating Tools Country Level Indicators 

LEED v4 U.S. Certified; Sliver; Gold; Platinum 

Location & Transportation; Sustainable Sites; Water 

Efficiency; Energy & Atmosphere; Material & Resource; 

IEQ; Innovation; Regional Priority; Integrative Process 

BREEAM Britain 

Acceptable; Pass; Good; Very 

Good; Excellent; Outstanding (1-6 

Stars) 

Energy; Health & Well-being; Innovation; Land Use; 

Material; Management; Pollution; Transport; Waste; 

Water 

ASGB 2014 China 

Design One Star; Design Two Stars; 

Design Three Stars; Operation One 

Star; Operation Two Star; 

Operation Three Star; 

Land Conservation; Energy Conservation; Water 

Conservation; Material Conservation; IEQ; Construction 

Management; Operational Management;  

Green Star Australia 

1 Green Stars; 2 Green Stars; 3 

Green Stars; 4 Green Stars; 5 Green 

Stars; 6 Green Stars 

Management; IEQ; Energy; Transport; Water; Material; 

Land Use & Ecology 

CASBEE Japan 
Superior (S), Very Good (A), Good 

(B+), Slightly Poor (B-), Poor (C) 

Building Environmental Quality & Performance; Building 

Environmental Loadings 

DGNB Germany Bronze; Silver; Gold; Platinum 

Environmental Quality; Economic Quality; Sociocultural 

& Functional Quality; Technical Quality; Process Quality; 

Site Quality 

    With more and more projects being certified through these rating systems, studies have been conducted to 62 

verify whether the certified green buildings display better operational performance than non-green ones, and 63 

how the system of levels differentiates it. The related literature is given in Table 2. These studies have compared 64 

the performance of green buildings with that of non-green ones, regional baseline, regional average values, and 65 

target values.  66 

    In terms of energy use, when compared with the baseline, most green buildings have displayed better energy 67 

performance [13, 14]; when compared with the regional average value, they have showed lower energy use 68 

intensity (EUI) [13, 15, 16], indicating a greater contribution to local energy saving [17]. However, when 69 

compared with non-green buildings, the literature is divided—some studies have indicated that green buildings 70 

showed a better energy performance [18], while others have suggested that they did not save energy, or even 71 
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consumed more of it [19, 20]. This might be because green buildings have a higher occupancy rate, or more 72 

personal computers, making them more energy-intensive [21]. Some researchers have pointed out that proper 73 

optimization of air conditioning systems and adoption of passive design could contribute to saving more energy 74 

[20]. As for whether a higher certification level could result in better energy performance, there is no consensus 75 

yet [15, 21]. Some studies have supposed a relationship between the certification level and energy use, while 76 

others have not proved that [14, 19]. The reason for this might be that these studies have correlated energy use 77 

with the overall certification level, while some green buildings with high overall level might gain credits for 78 

aspects other than energy [19]. In addition, there also exists a gap between the post-occupancy data and design 79 

values of energy use due to personnel behaviour [22]. Therefore, it is more meaningful to conduct a comparison 80 

between specific performance data and their dedicated certification level. 81 

In terms of overall satisfaction with indoor environment quality (IEQ), some studies have indicated that it was 82 

higher in green buildings than in non-green ones [23-29], while others have said there was no significant 83 

difference [30]. With respect to specific IEQ indicators, green buildings have been found to possess better 84 

thermal comfort [23, 24, 28], despite some studies disagreeing with this conclusion [26] and finding green 85 

buildings’ thermal comfort not up to standard [31]. Most of the studies have found that green buildings had 86 

better IAQ than non-green ones [23, 24, 28], while some scholars have said there was no significant difference 87 

[30]. In addition, some studies have found that green buildings had a better lighting environment [23, 24], while 88 

according to others, it was poorer [30]; the same—that is, contrasting results—has been suggested with respect 89 

to the acoustic environment [20, 23, 26, 28]. The reason for this inconsistency could be occupants’ high 90 

expectation vis-à-vis IEQ in green buildings [32] and some technical deficiency [33]. Noticeably, most studies 91 

on IEQ have compared green buildings with their non-green counterparts, while the IEQ performance vis-à-vis 92 

the different levels is yet to be evaluated. 93 

In general, previous studies have provided critical evidence that green buildings’ post-occupancy performance 94 

had important practical implications: to outperform the conventional buildings, or achieve certain performance 95 

targets. These studies indeed have certain benefits: some have a large amount of data [15, 16, 19, 21, 22, 24, 30]; 96 

some have carried out multiple comparison, such as baseline, regional average values, target values, and so on 97 

[13-15, 19, 21, 24, 34]; and some have analysed different parameters, such as energy use, emission, water use, 98 

and IEQ [13, 17, 20, 21]. However, they have several critical gaps as well, and that is what motivated this 99 

study—first, there is little evidence to confirm whether green buildings with higher certification levels give a 100 

better performance [14, 15, 19, 21]; second, most of the studies focus on energy performance and IEQ, and only 101 
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a few involve the other indicators, such as water consumption [13, 17]; third, most green building rating systems 102 

investigated were originally for optimizing design intent, and hence, the research on verifying the post-103 

occupancy performance may have limited implications for improving these tools in a realistic way; and last but 104 

not the least, all of these studies have used the overall certification level instead of a dedicated one to verify its 105 

related building performance indicator.  106 

This study, for the first time, examines the National Australian Built Environment Rating System (NABERS) 107 

[35], one of the few such in the world assessing the performance indicators building energy, emission, water, 108 

and IEQ separately based on their corresponding post-occupancy data. It is hoped that this investigation of 109 

NABERS enriches the green building post-occupancy performance research. In particular, this study correlates 110 

the certification level with its corresponding building performances, to find out whether and to what extent a 111 

higher level can help to improve the overall performance.   112 

This paper is laid out thus: section 2 introduces NABERS, and section 3 the method of data collection and 113 

analysis; section 4 discloses the results, and section 5 discusses the results along with domestic and international 114 

studies, providing suggestions on green building rating systems, followed by the study’s implications and 115 

limitations; section 6 presents the conclusion and significance of the research. 116 
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Table 2 Literature about green building post-occupancy performance 117 

Reference Rating Tool Database Performance Comparison  Key results  

[13] LEED 22 LEED buildings 
Energy, water 

use 

Baseline, regional average 

value and target value 

EUI 25% better than the baseline, 10% better than regional average value, 13% better 

than target value; water use 11% better than the baseline. 

[18] LEED 24 LEED buildings Energy Non-LEED buildings EUI 12% better than traditional buildings. 

[15] LEED 121 LEED buildings Energy 
National average value, 

different rating tiers 

EUI 24% better than the national average value for the 121 buildings; EUIs are scattered 

in the certification levels; there is certain relationship between EUI and certification 

level. 

[19] LEED 100 LEED buildings Energy 
Non-LEED buildings, 

rating tiers 

EUI 18-39% better than non-LEED buildings; 28-35% of LEED buildings use more 

energy than non-LEED buildings; EUI of LEED building has little correlation with the 

certification level. 

[21] LEED 
953 office buildings of which 21 are 

LEED  
Energy, emission 

Non-LEED buildings, 

rating tiers 

LEED buildings use the same amount of energy and emit the same amount of GHG with 

non-LEED buildings; there is relationship between EUI and certification level. 

[20] Three Stars 
10 green office buildings and 31 

non-green office buildings 
Energy, IEQ Non-green buildings 

Only mix-mode green buildings have lower EUI compared with non-green buildings; 

Green buildings have higher occupants’ satisfaction, especially thermal comfort, IAQ. 

[16] GBP in Europe 300 green buildings Energy Average value 
Green buildings saved 304 GWh/year. The energy performance of green buildings 

outperforms the average value in corresponding countries. 

[14] LEED 21 LEED buildings Energy Baseline, rating tiers 
The sample saves 27% of the energy compared to the baseline values; the certification 

level is not correlated with actual energy savings. 

[22] LEED 117 LEED buildings Energy Target value 
The actual building energy performance could deviate from the intended performance 

based on the design. 

[17] LEED 2 LEED-v2.2 buildings 
Energy, water 

use 
Regional contribution Both two buildings contributed to local sustainable development goals 

[23] EEWH 5 office buildings in Taiwan of IEQ and Non- green buildings Green buildings have better overall IEQ, acoustics environment, lighting environment, 
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which 3 are green buildings Satisfaction thermal comfort and IAQ. 

[24] Three Star
1892 response from green buildings 

while 2194 from non-green buildings 

IEQ and 

Satisfaction 

Non-green buildings, other 

rating tools 

Three Star building users are more satisfied with IEQ and all IEQ indicators; the effects 

of LEED or BREEAM on occupants' satisfaction are not as marked as that of Three-Star 

certification. 

[25] Green Star 2 green campus office buildings 
IEQ and 

Satisfaction 
Non-green building Green building users are more forgiving of the IEQ. 

[26] 
LEED and 

ASGB 

2 green office buildings and a non-

green office building 

IEQ and 

Satisfaction 
Non-green building 

Green buildings have better satisfaction with overall IEQ. Green buildings have higher 

satisfaction with thermal comfort in summer while lower satisfaction with thermal 

comfort in winter. Green buildings have poorer acoustic environment. 

[30] LEED
144 office buildings of which 65 are 

LEED 

IEQ and 

Satisfaction 
Non- LEED building 

There is no significant difference of satisfaction with overall IEQ, IAQ between LEED 

and non-LEED buildings; occupants feel more dissatisfied with the lightning 

environment. 

[28] ASGB 2014 
10 green office buildings and 42 

non-green office building 

IEQ and 

Satisfaction 
Non-green building 

Green buildings possess significantly higher satisfaction than the non-green buildings at 

the aspect of thermal, visual, acoustic environment, IAQ and the overall environment. 

[27] KGBC
2 green office buildings and 2 non-

green office building 

IEQ and 

Satisfaction 
Non-green building Occupants’ overall satisfaction is higher in green buildings. 

[34] 
LEED and 

ASGB 

9 green office buildings and 5 non-

green office building 

IEQ and 

Satisfaction 

Non-green building, rating 

tiers 

Rating systems do not guarantee an actual comfortable, healthy and productive space for 

the occupants, especially buildings with a low certification level. 

[31] 
LEED and 

ASGB 

3 LEED buildings and 9 ASGB 

buildings 

Thermal Comfort 

and Satisfaction 
Target values 

Indoor temperature and humidity of most buildings did not meet the standard, while the 

occupants were generally satisfied with the indoor environment. 

[29] LEED
3 LEED buildings and 3 non-green 

buildings 

IEQ and 

Satisfaction 
Non-green building 

The occupants in green buildings had higher satisfaction with IEQ compared with non-

green buildings 
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2 NABERS 118 

    To achieve the target of reducing greenhouse gas emissions by at least 26% from their 2005 level by 2030 119 

[36], the Australian government has introduced several rating tools to evaluate and improve building 120 

performance; these are Green Star [10], launched by the Green Building Council; Building Sustainability Index 121 

(BAXIS), which is being applied to residential dwellings in New South Wales (NSW) [37]; Nationwide House 122 

Energy Rating Scheme (NatHERS), a star-based system that rates a home’s energy efficiency [38]; and 123 

NABERS, which is a national programme managed by the NSW Department of Planning, Industry and 124 

Environment (DPIE) under the guidance of the Federal Government. NABERS provides a set of rating tools that 125 

measure the environmental performance of buildings—energy efficiency, carbon emission intensity, water usage, 126 

waste management, and IEQ. It is worth reiterating that NABERS measures the actual impact of a building, 127 

rather than the design intent [39].  128 

NABERS sets more nuanced levels than other systems, ranging from 0–6 stars with 0 indicating the non-129 

certified, and 1 to 6 representing poor, below average, average, good, excellent, and market leading performance. 130 

It also has 0.5 star, so there are 12 levels for each performance indicator. At present, most NABERS buildings 131 

are office premises, so this study mainly focuses on the rating rules for those. The system comprises four 132 

performance indicators, namely energy, water, waste, and IEQ ratings. Fig. 1 shows these indicators and their 133 

measurements.  134 

 135 

Fig. 1. NABERS performance indicators and measurements 136 

For the energy rating, the number of stars for offices is calculated based on benchmarking the energy 137 

consumption (electricity, gas, and fuel oil) and comparing it with that of other buildings in the same category, 138 
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using 12 months of post-occupancy data. To be comparable, the consumption data are adjusted for building area 139 

(eq. 1), hours of use (eq. 2), climate, equipment density (eq. 3), and greenhouse intensity of the energy source. 140 

The benchmarking indicators are calculated by applying correction indicators to the post-occupancy energy use 141 

of the rated premises. The certification level for energy is determined in comparison with the correction values 142 

of each building.  143 

For the water rating, the number of stars for offices is calculated based on benchmarking the water 144 

consumption and comparing it with that of other buildings in the same category, using 12 months of post-145 

occupancy data. To be comparable, the consumption data are adjusted for building area (eq. 1), hours of use (eq. 146 

2), and climate [40]. Similar to the energy rating, the benchmarking indicators are calculated by applying 147 

correction indicators to the post-occupancy water consumption of the rated premises, and the certification level 148 

for water is determined in comparison with the correction values of each building. The equations used for 149 

energy and water ratings are given below: 150 

                                                                            � � ∑ ������ ��                                                                       (1) 151 

where: A is rated area (m2); i is each functional space; ai is floor area of each functional space (m2); oi is the 152 

proportion of the rated period that the space was occupied. 153 

                                                                           � � ∑ �� �!�"�#$%                                                                         (2) 154 

where: H is rated hours (hours/week); A is rated area (m2); i is each functional space; hi is hours allocated to 155 

each functional space (hours/week); ai is area of each functional space (m2); oi is the proportion of the rated 156 

period that the space is occupied. 157 

                                                                 & � '∑ ()*+,-./!+0+ !,1.13%                                                               158 

(3) 159 

where: j is the number of spaces surveyed to date; A is the total area subject to the sampling 160 

methodology, and � � ∑ �44 . 161 

For the IEQ rating, NABERS measures five key indoor environment parameters—thermal comfort, air quality, 162 

acoustic comfort, lighting comfort, and layout. Each parameter is scored separately, to identify the 163 

outperforming and underperforming ones [41]. The parameters are weighted differently depending on their 164 

impact on occupants. The scores of each are calculated based on the building’s performance compared with 165 

other offices [41]. The overall IEQS (indoor environment quality score) is calculated by the weight of scores for 166 
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each parameter. The IEQ certification level is then determined based on the overall IEQS awarded to the 167 

building and benchmarked against market performance. Table 3 shows the parameters and weights of each 168 

measured by the IEQ rating to calculate IEQS. 169 

Table 3 Parameters and weights for IEQS 170 

IEQ parameters 
Site visit measurement Occupants’ satisfaction 

Total weights 
Parameters Weights Survey Weights 

Thermal comfort 

Air temperature 

50% Perceived thermal comfort 50% 30% 
Mean radiant temperature 

Relative humidity 

Air speed 

IAQ 

Ventilation effectiveness 20% 

Perceived comfort in relation 

to air quality 
50% 30% 

PM10 10% 

Formaldehyde 10% 

TVOCs 5% 

CO 5% 

Acoustic comfort Sound levels in occupied space 50% 
Perceived comfort in relation 

to sound levels 
50% 15% 

Lighting Horizontal light levels 50% 
Perceived comfort in relation 

to lighting levels 
50% 15% 

Office layout - - 

Perceived satisfaction in 

relation to the physical layout 

of the office space 

100% 10% 

    As for the waste rating, NABERS mainly focuses on the environmental impact of operational waste materials 171 

leaving a building [42]. The fundamental calculation is the recycling rate based on 12 months of waste data. 172 

This rate measures the extent to which materials leaving the building are diverted from a landfill; it is calculated 173 

using the ratio of total recyclable material to total material generated, and is compared with the benchmark to 174 

determine the certification level for waste. 175 

Currently, NABERS has given out over 2,600 ratings for around 1,300 office buildings. Approximately 70% 176 

of offices in Australia are using NABERS energy rating to measure and promote their energy and carbon 177 

efficiency. Since 2010, NABERS-rated buildings have reduced carbon emissions by more than 380,000 tonnes 178 

and saved 1.6 million litres of water [39]. Although several studies have introduced NABERS [43, 44], a 179 

detailed analysis of its performance is missing.  180 
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3 Methodology 181 

3.1 Data Sources 182 

    The NABERS database comes from its website, which comprises more than 2,600 rating records of office 183 

buildings—1,742 energy, 750 water, 27 waste, and 98 IEQ (Table 4). The database also includes the exact 184 

locations and sizes for all the records. The main performance indicators related to the energy rating are EUI and 185 

EMI—the former is the annual electricity, gas, and fuel oil consumption per square metre, and the latter is the 186 

equivalent annual carbon emissions from lighting (interior, exterior, and signage), air conditioning and 187 

ventilation (office and car park), power for equipment, generator fuel, lift and escalator, and so on per square 188 

metre. The main performance indicator related to the water rating is water consumption intensity (WCI), the 189 

annual quantity of externally supplied potable water, externally supplied water, and water from on-site sources 190 

per square metre. The detailed calculation methods can be found in [45]. The main performance indicator 191 

related to the waste rating is the recycling rate, while that related to the IEQ rating is IEQS, which is the overall 192 

score of thermal comfort, acoustic comfort, lighting, and layout scores (as shown in Fig. 1). Past year’s data on 193 

these indicators for each rating record are in the database—considering the small amount of data related to waste 194 

rating, we have excluded it and only analysed energy, water, and IEQ ratings. Besides the rating record and 195 

related indicators, basic information, such as location, has also been acquired from the database. 196 

Table 4 Statistics of NABERS rating database 197 

Performance rating Energy Rating (0-6) Water Rating (0-6) Waste Rating (0-6) IEQ Rating (0-6) 

Performance data EUI & EMI WCI Recycle Rate IEQS 

Number of Buildings 1740 750 27 98 

3.2 Analysis techniques 198 

To better understand the differences in EUI, EMI, WCI, and IEQS amongst the different certification levels, a 199 

series of analyses was carried out as shown in Fig. 2.  200 
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 201 

Fig. 2. Analysis methods of rating parameters among different certified levels  202 

First, analysis of variance (ANOVA) and the Kruskal-Wallis test were carried out by using Rstudio. ANOVA, 203 

also known as ‘variance analysis’ or ‘F test’, is used to test the significance of the differences between two or 204 

more variables [46]. The Kruskal-Wallis test works better when the data are less and not distributed normally 205 

[47]. If the results of ANOVA and the Kruskal-Wallis test are significant, it is an indication of significant 206 

differences in EUI, EMI, WCI, and IEQS amongst the different levels. 207 

To define the range of the levels, this study adopted the Tukey Honest Significant Differences (Tukey HSD) 208 

by using Rstudio to determine the differences scale. It is used to create a set of confidence intervals on the 209 

differences between the means of the levels of an indicator with the specified family-wise probability of 210 

coverage [48].  211 

To verify the variation law of EUI, EMI, WCI, and IEQS with the variation of different levels, linear 212 

regression models were adopted. For the regression models, the independent variable was the certification level 213 

of a performance indicator (energy, water, and IEQ), and the dependent variable was average values of the 214 

corresponding post-occupancy performance data (EUI, EMI, WCI, and IEQS) at this level. Considering the 215 

wide range of data of the 0 rating, the regression models did not take this level into account. The regression 216 

models can be written as [49]:  217 

                                                                     � � 51 + 5�7 + 8                                                                         (4) 218 

where y is EUI, EMI, WCI, and IEQS, respectively, and x the corresponding rating. 219 

The output parameters were ‘Estimate’, ‘Intercept’, ‘R2’, ‘Adjusted R2’, and ‘Standard Error’. In the above 220 

equation, ‘Estimate’ is ‘β1’, which means improvement in EUI, EMI, WCI, or IEQS with a one-level rise in 221 

certification, and ‘Intercept’ is ‘β0’, which indicates EUI, EMI, WCI, and IEQS, respectively, when the rating is 222 

0. ‘Standard Error’ describes the degree of dispersion of the mean sampling distribution and measures the size 223 

Rating Type
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of the mean sampling error. Both ‘R2’ and ‘Adjusted R2’ present the significance of the regression models. The 224 

results of the linear regression models can be used to predict the post-occupancy performance of NABERS 225 

buildings. 226 

3.3 Analysis strategies 227 

Cities 228 

Australia is a large territory with complex climates—the eastern part has a humid subtropical climate, the 229 

western has Mediterranean, the northern has a tropical savanna one, while the southern usually sees oceanic 230 

climate [50]. In addition, every city has its own population structure and financial situation, which may result in 231 

different EUI, EMI, and WCI [51, 52]. Therefore, it is necessary to analyse NABER buildings according to the 232 

different cities. In this study, based on the demographic [53], climate [54], and the number of samples, six major 233 

cities were selected—Sydney, Melbourne, Brisbane, Perth, Adelaide, and Canberra. Because the number of 234 

those that have obtained IEQS was not high enough, the number of IEQ ratings in different cities was too small 235 

to be representative. Therefore, in this study, we only analysed EUI, EMI, and WCI for the selected cities. The 236 

basic information of the sample buildings and the climatic characteristics of each city are shown in Table 5. The 237 

number of rating records of each level and city are shown in Table 6. Considering the climatic characteristics of 238 

each city, the highest to the lowest, rank-wise, of the energy rating benchmark were Melbourne, Canberra, 239 

Sydney, Adelaide, Brisbane, and Perth, and the detailed benchmark can be found in [52]. In terms of the water 240 

rating benchmark, the highest to the lowest, rank-wise, were Brisbane, Sydney, Perth, Adelaide, Melbourne, and 241 

Canberra, and the specific benchmark can be found in [51]. 242 

Table 5 Information of sample buildings and the climate characteristics of each city 243 

Cities 
Number of Rating Building Area (m2) 

Climate Degree Days (�·d) 
Temperature (�) 

Energy Water Max Avg. Min Std. HDD CDD Average High Average Low 

Sydney 502 262 10252267 45271 61 499160 
Humid Subtropical 

Climate 
1000 500 26.5 8.7 

Melbourne 306 116 173183 15448 177 21214 Oceanic Climate 1500 250 26.6 7.1 

Brisbane 229 94 118346 11508 345 15332 
Humid Subtropical 

Climate 
250 1000 29.1 8.2 

Perth 219 135 74907 7795 111 9888 
Hot-Summer 

Mediterranean Climate 
500 500 31.2 7.8 

Adelaide 103 19 34478 7961 72 7334 
Hot-Summer 

Mediterranean Climate 
1000 250 29.6 7.6 

Canberra 119 48 44568 11519 210 11118 Oceanic Climate 1500 250 28.7 0.2 

    244 
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Table 6 The number of rating records of each level for each city 245 

Rating Sydney Melbourne Brisbane Perth Adelaide Canberra 

Energy Rating 

0 Stars 15 7 14 16 2 3 

1 Star 8 3 6 3 2 2 

1.5 Stars 3 4 3 1 NA 1 

2 Stars 10 9 6 11 2 3 

2.5 Stars 17 13 9 7 2 5 

3 Stars 24 32 15 13 11 3 

3.5 Stars 29 32 19 29 10 6 

4 Stars 61 54 29 29 16 20 

4.5 Stars 100 55 40 43 27 23 

5 Stars 143 54 55 52 18 36 

5.5 Stars 75 30 27 15 11 12 

6 Stars 17 13 6 NA 2 5 

Water Rating 

0 Stars 5 3 1 6 1 5 

1 Star 2 NA NA 1 NA 3 

1.5 Stars 2 NA 1 4 1 NA 

2 Stars 11 4 1 1 1 4 

2.5 Stars 21 11 NA 10 2 2 

3 Stars 46 23 6 11 1 3 

3.5 Stars 68 20 16 27 5 7 

4 Stars 67 19 47 31 3 9 

4.5 Stars 27 16 15 28 4 7 

5 Stars 6 14 3 13 1 5 

5.5 Stars 4 3 3 3 NA 2 

6 Stars 3 3 1 NA NA 1 

    To analyse the differences in EUI, EMI, and WCI in different cities, ANOVA, the Kruskal-Wallis test, and 246 

Tukey HSD were carried out through Rstudio, and the analysis processes are shown in Fig. 3. Next, linear 247 

regression models were adopted to establish the relationship between EUI, EMI, WCI, and their corresponding 248 

certification levels in different cities. The results reveal the impact of the certification level on EUI, EMI, and 249 

WCI in different cities. 250 
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 251 

Fig. 3. Analysis methods of rating parameters among different cities 252 

Built Environment Efficiency 253 

To better establish the relationship between energy and IEQ, Built Environment Efficiency (BEE) was 254 

adopted. This concept was first introduced in Japan’s CASBEE [11]. BEE is calculated based on two indicators: 255 

built environmental quality (Q) and built environmental loads (L) (eq. 5).  256 

                                                      9:: � ;�<=�>?	@AB�C ADEA?!>	;=!>�?F�G�<=�>?	@AB�C ADEA?!>	G !H�                                                             (5) 257 

In this study, IEQS was regarded as Q, and EUI and EMI as L; so the equation can be written as:  258 

                                                                    9::@IJ � ;�J@;K�G�@IJ�                                                                             (6) 259 

                                                                    9::@LJ � ;�J@;K�G�@LJ�                                                                             260 

(7) 261 

In this study, 98 IEQS records and 98 corresponding EUI and EMI records were used to calculated BEEEUI 262 

and BEEEMI. These records were from NABERS office buildings all over Australia, mainly concentrated in 263 

major cities such as Sydney, Melbourne, Brisbane, Perth, and Adelaide. This study establishes the relationship 264 

between BEE and certification level through linear regression models to understand whether higher levels can 265 
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contribute to a better BEE—if they can, NABERS can be considered as a feasible and effective tool to evaluate 266 

and enhance energy and IEQ performance of office buildings in Australia; in other words, it stays true to the 267 

concept of green building: low energy use while ensuring a high-quality environment. 268 

4 Results 269 

4.1 Data overview 270 

The basic statistics, including maximum, median, minimum, and mean values, and standard deviation of EUI, 271 

EMI, WCI, and IEQS of different types of buildings are given in Table 7. There are some offices with rather low 272 

EUI, possibly because of their low occupancy rate. 273 

Table 7 Basic statistics of data  274 

Parameters Maximum Median Minimum Mean Standard Deviation 

EUI 

 (MJ/m2 per year) 

5742 404 52 518.9 191.75 

EMI 

(kgCO2-eq/m2 per year) 

1617 88.81 5.95 114.8 429.48 

WCI 

(t/m2 per year) 

3.99 0.66 0.07 0.77 0.56 

IEQS 72.5 60.96 25.6 59.2 9.08 

    The 95% confidence intervals of different ratings are presented in Fig. 4. In general, the relationships 275 

between the energy certification and EUI, energy certification and EMI, and water certification and WCI are 276 

quite the same: as the level goes up, the consumption decreases. However, EUI, EMI, and WCI of 1.5 stars are 277 

slightly higher than those of 1 star. This is because different regions have different baselines for each level, and 278 

the baseline of 1 star in some regions is even lower than that of 1.5 in other regions [51, 52], which also proves 279 

that analysis for different cities is necessary. In terms of IEQS, it increases as the IEQ certification level goes up.   280 

The Tukey HSD results of different levels are shown in Fig. 5. In terms of energy performance, as the energy 281 

certification level goes up, differences in EUI and EMI become less significant. The same trend can be observed 282 

for water; IEQSs of different IEQ certification levels, on the other hand, are significantly different. 283 
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(a)  EUI (b) EMI 

  

(c)  WCI (d)  IEQS 

Fig. 4. The 95% Confidence Interval of different performance ratings 
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 285 

 286 

Fig. 5. Multiple comparison of different ratings 287 
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    The results of regression models (Table 8) reveal that the models are acceptable with statistical significance. 288 

When the energy certification goes up one level, EUI decreases by 184.45 MJ/m2 and EMI by 41.94 kgCO2-289 

eq/m2, per year; when the water certification goes up one level, WCI decreases by 0.24 t/m2 per year; when the 290 

IEQ certification goes up one level, IEQS increases by 7.49. The weighted estimate has been calculated by 291 

modifying the values of EUI, EMI, WCI, and IEQS to a certain range and establishing the regression between 292 

the modified values and certification levels. Based on this estimate, promotion of the water certification has the 293 

most favourable impact on WCI, while that of the IEQ certification has the least favourable impact on IEQS. 294 

The results in the table can also be used for EUI, EMI, WCI, and IEQS prediction by adopting equation 1 in 295 

section 3.2—for example, the prediction equation for EUI can be written as: y = 1270.5 – 184.45x, where y 296 

represents EUI and x the corresponding rating. 297 

Table 8 Regression results of different ratings 298 

Intercept Estimate Weighted Estimate R2 Adjusted R2 Standard Error Sig. 

EUI 1270.5 -184.45 -178.96 0.908 0.898 102.558 <0.01 

EMI 286.98 -41.94 -182.33 0.903 0.892 24.033 <0.01 

WCI 1.599 -0.24 -197.52 0.973 0.969 0.070 <0.01 

IEQS 23.776 7.49 107.97 0.990 0.988 1.124 <0.01 

4.2 Major Cities 299 

    Sydney, Melbourne, Brisbane, Perth, Adelaide, and Canberra were selected for the comparative analysis. The 300 

ANOVA results with respect to EUI, EMI, and WCI of all six cities are shown in Table 9—considering the data 301 

may not be normally distributed, there are significant differences in the values for all three for the cities. 302 

Table 9 ANOVA results of different cities (EUI, EMI and WCI) 303 

Analysis Parameters EUI EMI WCI 

ANOVA 

Df 5 5 5 

SS 839000 515241 3.26 

MS 167803 103048 0.652 

F value 1.248 15.11 2.231 

p-value 0.284 <0.01*** 0.050* 

Kruskal-Wallis test 

Chi-squared 24.706 191.96 68.599 

DF 5 5 5 

p-value <0.01*** <0.01*** <0.01*** 

(***: p<0.001; **: p<0.01; *: p<0.05) 304 

    The 95% confidence intervals of EUI, EMI, and WCI of the cities are shown in Fig. 6. In terms of EUI, 305 

NABERS buildings in Melbourne consume more energy per square metre, around 525 MJ/m2 per year. It is the 306 

second-largest city in Australia with high-density structures and population; its office buildings need cooling in 307 
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summer and heating in winter, which may result in high EUI. In terms of EMI, it is higher in Brisbane and 308 

Melbourne, above 120 kgCO2-eq/m2 per year, and the lowest in Adelaide, around 60 kgCO2-eq/m2 per year. In 309 

terms of water, WCI of buildings in Brisbane and Sydney is higher than that in other cities, which may be due to 310 

the dry climate and water scarcity in the two cities. 311 

312 

Fig. 6. The 95% CI of different Cities (EUI, EMI, WCI) 313 
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The Tukey HSD results of different cities are shown in Fig. 7. In terms of EUI, the differences between 314 

Melbourne and Adelaide, Melbourne and Perth, and Melbourne and Sydney are more significant compared with 315 

that between other cities. Buildings in Melbourne consume more heating energy in winter, hence the higher EUI. 316 

In terms of EMI, there exists significant difference between Adelaide and the other cities. This may be because 317 

Adelaide is the smallest amongst all six, and thus, its sample size is limited. There are also some differences 318 

between Perth, Brisbane and other cities. Furthermore, in terms of WCI, the differences between Sydney and 319 

Melbourne are significant. 320 

 

Fig. 7. Multiple comparison of different cities 

    The regression results for energy certification with EUI and EMI, and water certification with WCI are shown 321 

in Table 10 and Fig. 8. From the results of R2 and Adjusted R2, it can be concluded that the regression models 322 

are valid. The results show that rise in the energy certification level decreases both EUI and EMI of NABERS 323 

buildings in Canberra the most, by 292.77 MJ/m2 and 45.81 kgCO2-eq/m2, respectively, and in Perth the least, 324 

by 131.58 MJ/m2 and 22.76 kgCO2-eq/m2, respectively, per year for one level. Furthermore, rise in the water 325 

certification level decreases WCI in Brisbane the most and Canberra the least, by 0.47 t/m2 and 0.15 t/m2, 326 

respectively, per year for one level. Thus, NABERS energy rating shows a more effective reduction in energy 327 

consumption and emissions in Canberra, while its water rating shows a more effective reduction in water 328 

consumption in Brisbane. 329 

Table 10 Regression results of different cities (EUI, EMI and WCI) 330 

 City Intercept Estimate R2 Adjusted R2 Standard Error 

EUI 

Sydney 1200 -167.37 0.901 0.900 97.205 

Melbourne 1398.7 -210.29 0.862 0.847 146.822 

Brisbane 1132.6 -155.73 0.955 0.950 58.966 

Perth 955.67 -131.58 0.834 0.814 94.143 

Adelaide 1313.3 -210.9 0.914 0.903 109.941 
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Canberra 1790.4 -292.77 0.850 0.831 217.37 

EMI 

Sydney 306.4 -44.41 0.886 0.873 27.884 

Melbourne 306.54 -45.63 0.945 0.938 18.678 

Brisbane 294.77 -41.9 0.965 0.962 13.912 

Perth 173.73 -22.76 0.864 0.844 14.194 

Adelaide 174.55 -27.47 0.937 0.929 12.072 

Canberra 289.88 -45.81 0.813 0.792 38.416 

WCI 

Sydney 1.878 -0.30 0.994 0.993 0.041 

Melbourne 1.282 -0.19 0.919 0.908 0.080 

Brisbane 2.750 -0.47 0.975 0.971 0.124 

Perth 1.594 -0.24 0.909 0.898 0.124 

Canberra 1.064 -0.15 0.994 0.994 0.019 

 331 

Fig. 8. EUI, EMI and WCI variation trends with their corresponding ratings in different cities 332 
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4.3 Built Environment Efficiency 333 

Fig. 9 shows the relationships between the BEE value and energy certification as well as IEQ certification. In 334 

general, rise in these certification levels raises the BEE values correspondingly, indicating that NABERS 335 

buildings with higher energy and IEQ certification levels have better IEQS and lower EMI and EUI. Such 336 

improvement in BEE based on EMI is more significant than that based on EUI. This may be because the values 337 

of EMI are concentrated in a lower range than those of EUI, which result in higher BEE. Besides, EMI takes 338 

more factors into consideration, and the calculation methods for different energy types are different, which 339 

causes the disparity between EUI and EMI. 340 

  

(a)  ER-BEE(IEQS/EMI) (b)  IEQR-BEE(IEQS/EMI) 

  

(c)  ER-BEE(IEQS/EUI) (d)  IEQR-BEE(IEQS/EUI) 

Fig. 9. Relationships between BEE values and ERs, IEQRs 

5 Discussion 341 

5.1 Major findings 342 

    There are significant differences in EUI, EMI, WCI, and IEQS amongst the certification levels, and the 343 

relationships between them can be regarded as linear: when the level rises, EUI, EMI, and WCI decrease, while 344 

IEQS increases. In general, EUI of NABERS office buildings which is 518.9 MJ/m2 per year, is less than the 345 

average EUI of commercial buildings in Australia, 971 MJ/m2 per year [55]. NABERS buildings in Melbourne 346 

have the highest EUI and EMI, which is reflected in the benchmark of NABERS energy rating [52] and is 347 

consistent with the building energy use report [56]. Melbourne is Australia’s second-largest city [53], and its 348 
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energy use for HVAC has been found to be the largest in the country [56]; its commercial buildings need 349 

cooling in summer as well as heating in winter [57]. Melbourne’s cooling and heating degree hours are the 350 

longest amongst those of Australia’s top three biggest cities [58]. In Canberra, however, the promotion of 351 

energy rating has resulted in greater energy and emission reduction. As shown in Table 5, it has the same 352 

cooling and heating degree hours as Melbourne, and higher average highest temperature and lower average 353 

lowest temperature, which may result in more energy consumption and significant differences in it amongst the 354 

different levels. Brisbane has the highest WCI, which may be related to the climate and water scarcity in 355 

Queensland [59]. NABERS WCI benchmark for Brisbane is the highest [51]. Meanwhile, the water certification 356 

has the most significant impact on WCI in Brisbane. In terms of BEE, it is higher in buildings with a higher 357 

certification level, indicating that NABERS can embody the concept of green building: lower energy use while 358 

ensuring better IEQ. 359 

5.2 International comparison 360 

To further understand the results, this study selected two other major rating tools—US’ LEED and China’s 361 

ASGB—on which similar studies can be found. In general, EUI of LEED office buildings is more than 750 362 

MJ/m2 per year, which is close to that of NABERS 3-star buildings [19], while EMI of LEED buildings is 363 

almost the same as that of NABERS 6-star ones, around 25 kgCO2-eq/m2 [60]. According to the Tukey HSD 364 

results of EUI in different cities, three major cities were selected for the international comparison (Table 11). 365 

EUI of NABERS’s low certification level is higher than that of LEED’s low certification level, while EUI of 366 

NABERS’s high certification level is lower than that of LEED’s high certification level. This may be because 367 

NABERS has a wider rating scale with 12 levels that certifies buildings with a larger EUI range. Moreover, the 368 

significant differences in EUIs between different certification levels also imply the effectiveness of NABERS. 369 

Compared with China’s Three-Star buildings, EUI of most NABERS buildings is slightly higher. In general, rise 370 

in the certification level decreases EUI of NABERS and LEED buildings accordingly, but not of Three-Star 371 

buildings. According to the Tukey HSD results of EMI in different cities, three major cities were selected for the 372 

international comparison (Table 12). The results are similar to those of EUI: EMI of NABERS’s low 373 

certification level is higher than that of LEED’s low certification level, while EMI of NABERS’s high 374 

certification level is lower than that of LEED’s high certification level. Admittedly, the absolute figures of EUI 375 

and EMI may not be comparable because the sample buildings in each system come from different climatic and 376 

socioeconomic contexts, and the emission factor for calculating EMI could be different; however, the trend of a 377 

higher certification level having a lower EUI and EMI is more pronounced in NABERS than the other two 378 
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rating systems. This finding reinforces the conclusion that NABERS is effective in differentiating and 379 

improving building performance using certification levels.  380 

Table 11 International comparison of EUI (MJ/m2/year) 381 

Tiers 
LEED NABERS 

ASGB [61] 
New York [21] Chicago [62] Perth Sydney Melbourne 

Platinum/6/Three Star No data 790 No data 235 273 282 

Gold/5-4/Two Star 930 810 341 388 389 275 

Silver/2-3/One Star 1135 890 554 676 674 117 

Certified/0-1/N/A 1470 1010 1433 1562 1707 No data 

Table 12 International comparison of EMI (kgCO2-eq/m2/year) 382 

Tiers LEED [21] 
NABERS 

Adelaide Perth Melbourne 

Platinum/6 No data 12 No data 54 

Gold/5-4 76 48 66 92 

Silver/2-3 95 84 112 158 

Certified/0-1 116 185 271 382 

5.3 Implications and limitations 383 

This study introduces NABERS, which is relatively unfamiliar in green building research, as only a few 384 

papers on it were found. In this respect, this study indeed enriches the literature on green building rating systems 385 

by disclosing EUI, EMI, WCI, and IEQS data of NABERS office buildings. The data and related analysis not 386 

only represent the best EUI, EMI, and WCI in Australia but also provide the comparison sample for green office 387 

buildings in other countries. 388 

For green building design and management, this study provides some suggestions—with respect to the design 389 

stage, as every city has its own climate as well as economic situation, which may lead to different building 390 

operational performance, the designers should take the local conditions (climate and economy) into account for 391 

the targeted performance; as for the operational stage, this research provides prediction models for facility 392 

managers to compare the energy and resource consumption with the national and local benchmarks. If the 393 

consumption is higher, the facility manager can modify the building operational model, such as adjusting 394 

occupancy rate, usage hours, and plug load, to help save energy and resources. 395 

This study has some practical implications for green building rating systems. NABERS shows that the rating 396 

based on post-occupancy data can effectively stratify the certification vis-à-vis the actual performance. It is 397 

worth mentioning that the performance baseline varies amongst regions; therefore, green building rating systems 398 

should propose different benchmarks and principles according to the cities, considering the climate, population, 399 
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economy, emission factor, and so on. There are also some outstanding issues in NABERS that need to be 400 

addressed. With respect to the water rating, only when WCI is in the middle range, the trend of it decreasing 401 

with rise in the certification level is observed; beyond that range, that is, either high or low WCI, the trend 402 

disappears. Furthermore, most NABERS office buildings obtain just the energy certification; only a few acquire 403 

the IEQ certification. In terms of the parameters related to the IEQ certification, the lighting and layout scores 404 

are almost 0, so it is necessary to encourage more buildings to pursue this certification, especially by improving 405 

the lighting environment and layout for better IEQ. In terms of the waste certification, even fewer buildings 406 

have been certified, which leaves this study lacking in the relevant analysis; therefore, it is imperative to 407 

popularize the waste rating. Besides this missing data, the amount of data on some ratings and cities is small, 408 

which may introduce bias in the results.  409 

6 Conclusion 410 

This study correlates NABERS certification with office buildings’ actual performance. The main conclusions 411 

are as follows: 412 

1. There are significant differences in EUI, EMI, WCI, and IEQS and their corresponding certification levels, 413 

and the relationship between them can be regarded as linear: rise in the certification level decreases EUI, EMI, 414 

and WCI and increases IEQS—a one-level rise in the certification reduced EUI, EMI, and WCI by 184.45 415 

MJ/m2, 41.95 kgCO2-eq/m2, and 0.24 t/m2, respectively, per year, and improved IEQS by 7.49 on average. In 416 

terms of the variation of different certification levels, rise in the level made the performance difference less 417 

significant;  418 

2. There are noticeable differences in EUI, EMI, and WCI amongst the major Australian cities. NABERS 419 

office buildings in Melbourne have the highest EUI (525 MJ/m2) and EMI (120 kgCO2-eq/m2) due to its climate 420 

and socioeconomic status. On the other hand, reduction in EUI and EMI with rise in the energy certification 421 

level in Canberra is also more significant compared with that of the others—a one-level rise resulted in a 422 

reduction of 292.77 MJ/m2 and 45.81 kgCO2-eq/m2, respectively, per year. NABERS office buildings in 423 

Brisbane have the highest WCI compared with other cities per year on average—and reduction in it is most 424 

significant with rise in the water certification level—0.47 t/m2 per year for one level.  425 

3. BEE has been proved as an appropriate index for combining energy and IEQ for NABERS—rise in the 426 

certification level raises BEE accordingly, indicating embodiment of the green building concept of lower energy 427 

use with better IEQ. The results of the comparison with other international green building rating systems also 428 
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imply the effectiveness of NABERS in improving building performance in accordance with the certification 429 

system. 430 

In general, although this study has some limitations, mainly due to data missing for some performance ratings 431 

and cities, it enriches the research on green buildings’ rating systems and post-occupancy performance of green 432 

office buildings. Furthermore, it provides some practical implications and suggestions for improving green 433 

building rating tools, and can be regarded as a reference for developing new ones that are based on post-434 

occupancy data. As part of our future work, the specific relationships between building performance data and 435 

climatic and economic conditions for different certification levels and regions will be established, based on 436 

which the prediction models will be proposed. 437 
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Highlights: 

• NABERS is one of few green building rating tools that rate buildings based on post-occupancy data; 

• The performance ratings and their corresponding actual data were correlated; 

• With the rising of one rating tier, the corresponding energy, emission and water reduction was calculated; 

• The performance improvement varied among cities due to difference baselines; 

• NABERS rating can better reflect performance improvement with tiers than other rating tools. 
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