
 

 

Green Commercial Office Buildings: 

Environmental performance and user perceptions 

 

 

 

 

Vanessa Menadue 

 

 

 

 

Thesis submitted in fulfilment of the requirements for the degree of 

Doctor of Philosophy 

 

 

 
School of Architecture and Built Environment 

 

 

February 2014 





i 
 

Table of Contents 

 

Abstract          viii 

Publications          ix 

Signed Statement         x 

Acknowledgement         xi 

List of Figures          xii 

List of Tables          xxiv 

 

Chapter 1 Introduction         1 

1.1 Introduction and Research Background     1 

1.2 Research Questions and Objectives      4 

1.2.1 Sub-questions       6 

1.3 Expected outcomes        7 

1.4 Limitations         7 

1.5 Thesis Structure        9 

 

Chapter 2 Literature Review        11 

 2.1 Green Buildings        11 

  2.1.1 Labels        12 

 2.2 Sustainability        13 

  2.2.1 Climate Change and the Built Environment    15 

 2.3 Codes and Standards in Australia      20 

 2.4 Environmental Rating Schemes      21 

  2.4.1 Environmental Rating Schemes in Australia    23 

  2.4.2 Other Environmental Rating Schemes    25 

 2.5 Guidelines and Characteristics of Green Buildings    26 

 2.6 Existing Building Performance Studies     31 

  2.6.1 Measurement-based evaluations     32 

  2.6.2 Perception based evaluations     36 

  2.6.3 Combined evaluations      40 

 2.7 Summary         44 

 



Green Commercial Office Buildings: environmental performance and user perceptions 

 
 

ii 
 

Chapter 3 Research Methodology       45 

 3.1 Step One – Case Study       45 

  3.1.3 Ethics Approval       48 

  3.1.2 Building Selection       48 

 3.2 Step Two – Collection of Existing Data and Field Work   51 

  3.2.1 Collection of Existing Data      51 

  3.2.2 Field Work        53 

 3.3 Step Three – Analyses       60 

  3.3.1 Analyses Stage 1 – Case Study     61 

  3.3.2 Analyses Stage 2 – Measurements and Survey Results  64 

 3.4 Step Four – Discussions and Conclusions     66 

 

Chapter 4 Case Study Buildings       67 

 4.1 Pre-visit Questionnaires       67 

  4.1.1 Building occupancy levels and patterns    68 

  4.1.2 Building and system operation     69 

  4.1.3 Maintenance       70 

  4.1.4 Building Management System (BMS)    71 

  4.1.5 Other control systems and Interfaces    71 

  4.1.6 Environmental, energy and water management   72 

  4.1.7 Energy and water consumption data    73 

  4.1.8 Additional Items       74 

  4.1.9 Other points       75 

 4.2 Physical Characteristics       75 

  4.2.1 Building envelope and layout     78 

  4.2.2 Energy        78 

  4.2.3 Water        78 

  4.2.4 Indoor environmental quality     79 

  4.2.5 Materials and resources      79 

  4.2.6 Post occupancy       79 

  4.2.7 Physical Characteristics summary     80 

 4.3 The Buildings        80 

  4.3.1 Conventional Buildings      81 

  4.3.2 Green Star Buildings      93 



Green Commercial Office Buildings: environmental performance and user perceptions 

 
 

iii 
 

  4.3.3 Green Intentions Building      107 

  4.3.4 Case study buildings summary     110 

 

Chapter 5 Energy and Water Consumption      111 

 5.1 Energy Consumption       112 

  5.1.1 Available Energy Data      112 

  5.1.2 Electricity Consumption      113 

  5.1.3 Gas Consumption       128 

  5.1.4 Total Energy Consumption      133 

  5.1.5 NABERS Energy       143 

  5.1.6 Energy Consumption Summary     151 

 5.2 Water Consumption        156 

  5.2.1 Available Water Data      156 

  5.2.2 Quarterly Water Consumption     157 

  5.2.3 NABERS Water       164 

  5.2.4 Water Consumption Summary     167 

 

Chapter 6 Internal Environmental Measurements     169 

 6.1 Temperature and Relative Humidity      170 

  6.1.1 Temperature Measurements     170 

  6.1.2 Relative Humidity Measurements     181 

  6.1.3 Comfort Zones       188 

  6.1.4 Temperature and Relative Humidity Summary   198 

 6.2 Lighting          201 

  6.2.1 Lighting Measurements      201 

  6.2.2 Lighting Levels Summary      209 

 

Chapter 7 Occupant Satisfaction Survey      211 

 7.1 Survey Response Rates       211 

  7.1.1 Conventional Buildings      211 

  7.1.2 Green Star Buildings      212 

  7.1.3 Green Intentions Building      212 

 7.2 Survey Section 1 – Background      212 

 7.3 Survey Section 1 – The Building Overall     221 



Green Commercial Office Buildings: environmental performance and user perceptions 

 
 

iv 
 

 7.4 Survey Section 3 – Your Work and Work Requirements   229 

 7.5 Survey Section 4 – Comfort       238 

  7.5.1 Winter        239 

  7.5.2 Summer        248 

 7.6 Survey Section 5 – Noise       258 

 7.7 Survey Section 6 – Lighting       267 

 7.8 Survey Section 7 – Overall Comfort      275 

 7.9 Survey Section 8 – Productivity      278 

 7.10 Survey Section 9 – Health       283 

 7.11 Survey Section 10 – Personal Control     281 

 7.12 Survey Section 11 – Response to Problems     288 

 7.13 Survey Section 12 – Effect on Behaviour     293 

 7.14 Survey Section 13 – Other factors relation to Work, the Workplace and  

Organisational issues        295 

7.15 Survey Section 14 – Comparison      303 

7.16 Survey Section 15 – Completion      306 

7.17 BUS Indices        307 

7.18 Occupant Satisfaction Survey – Conclusion     309 

 

Chapter 8 Relationships between Internal Environmental Measurements and  

Occupant Satisfaction        311 

8.1 Measurements and Occupant Satisfaction of Thermal Comfort   311 

 8.1.1 Conventional Buildings      311 

 8.1.2 Green Star Buildings      314 

 8.1.3 Green Intentions Building      316 

 8.1.4 Thermal Comfort Summary      318 

8.2 Measurements and Occupant Satisfaction of Lighting    320 

 8.2.1 Conventional Buildings      320 

 8.2.2 Green Star Buildings      321 

 8.2.3 Green Intentions Buildings      322 

 8.2.4 Lighting Levels Summary      324 

8.3 Relationship Summary       325 

  



Green Commercial Office Buildings: environmental performance and user perceptions 

 
 

v 
 

Chapter 9 Predictors of Occupant Satisfaction      327 

 9.1 Environmental Predictors of Overall Comfort     332 

  9.1.1 Conventional Buildings      332 

  9.1.2 Green Star Buildings      336 

  9.1.3 Green Intentions Building      339 

  9.1.4 Environmental Predictors of Overall Comfort Summary  340 

 9.2 Design Predictors of Overall Comfort      341 

  9.2.1 Conventional Buildings      342 

  9.2.2 Green Star Buildings      345 

  9.2.3 Green Intentions Building      347 

  9.2.4 Design Predictors and Overall Comfort Summary   347 

 9.3 People Predictors of Overall Comfort      347 

  9.3.1Conventional Buildings      348 

  9.3.2 Green Star Buildings      351 

  9.2.3 Green Intentions Buildings      353 

  9.2.4 People Predictors of Overall Comfort Summary   355 

 9.4 Operational Predictors of Overall Comfort     356 

  9.4.1 Conventional Buildings      357 

  9.4.2 Green Star Buildings      359 

  9.4.3 Green Intentions Building      360 

  9.4.4 Operational Predictors of Overall Comfort Summary   360 

 9.5 Environmental Predictors of Productivity     361 

  9.5.1 Conventional Buildings      361 

  9.5.2 Green Star Buildings      363 

  9.5.3 Green Intentions Building      364 

  9.5.4 Environmental Predictors of Productivity Summary   365 

 9.6 Design Predictors of Productivity      365 

  9.6.1 Conventional Buildings      366 

  9.6.2 Green Star Buildings      367 

  9.6.3 Green Intentions Building      368 

  9.6.4 Design Predictors of Productivity Summary    368 

 9.7 People Predictors of Productivity      369 

  9.7.1 Conventional Buildings      370 

  9.7.2 Green Star Buildings      370 



Green Commercial Office Buildings: environmental performance and user perceptions 

 
 

vi 
 

  9.7.3 Green Intentions Buildings      371 

  9.7.4 People Predictors of Productivity Summary    371 

 9.8 Operational Predictors of Productivity      372 

  9.8.1 Conventional Buildings      373 

  9.8.2 Green Star Buildings      373 

  9.8.3 Green Intentions Building      374 

  9.8.4 Operational Predictors of Productivity Summary   374 

 9.9 Environmental Predictors of Health      375 

  9.9.1 Conventional Buildings      376 

  9.9.2 Green Star Buildings      377 

  9.9.3 Green Intentions Building      378 

  9.9.4 Environmental Predictors of Health Summary   379 

 9.10 Design Predictors of Health       379 

  9.10.1 Conventional Buildings      380 

  9.10.2 Green Star Buildings      381 

  9.10.3 Green Intentions Building      381 

  9.10.4 Design Predictors of Health Summary    381 

 9.11 People Predictors of Health       381 

  9.11.1 Conventional Buildings      382 

  9.11.2 Green Star Buildings      383 

  9.11.3 Green Intentions Buildings     383 

  9.11.4 People Predictors of Health Summary    385 

 9.12 Operational Predictor of Health      385 

  9.12.1 Conventional Buildings      386 

  9.12.2 Green Star Buildings      387 

  9.12.3 Green Intentions Building      388 

  9.12.4 Operational Predictors of Health Summary    388 

 9.13 Summary         389 

  9.13.1 Overall Comfort Summary      389 

  9.13.2 Productivity Summary      395 

  9.13.3 Health Summary       402 

  9.13.4 Relationships between the three key occupant satisfaction issues 408 

 

  



Green Commercial Office Buildings: environmental performance and user perceptions 

 
 

vii 
 

Chapter 10 Conclusions        411 

 10.1 The Research Questions       411 

  10.1.1 Research sub-questions      412 

  10.1.2 Research key questions      424 

 10.2 Summary         429 

 

Chapter 11 Epilogue         433 

 11.1 Improvements for future research      433 

 11.2 Final remarks        435 

 11.3 Areas for future research       436 

 

References          437 

 

Appendices          445 

Appendix A Ethics Approval       A 1-30 

Appendix B Seeking Interest       B 1-6 

Appendix C Research Information      C 1-4 

Appendix D Pre-visit Questionnaires      D 1-12 

Appendix E Occupant Satisfaction Survey     E 1-25 

Appendix F Equipment and Installation locations    F 1-12 

           CD-rom 

Appendix G Energy and Water Consumption     CD-rom 

Appendix H  Temperature and Relative Humidity Measurements  CD-rom 

Appendix I Lighting Measurements      CD-rom 

Appendix J Occupant Satisfaction Survey Summaries   CD-rom 

  



Green Commercial Office Buildings: environmental performance and user perceptions 

 
 

viii 
 

Abstract 

 

 

 

Buildings labelled as ‘green’ bring with them high expectations, particularly in the commercial office sector. It is commonly 
accepted that ‘green’ buildings are designed, constructed and operated with the specific objectives of efficient use of 
resources: energy, water and materials, reducing negative impact on the environment, and also provide comfortable and 
healthy internal environments which result in high levels of occupant satisfaction and related productivity. In theory these 
‘green’ intentions are predicted to bring positive results; however, whether in reality this is always the case is open to 
question. Unfortunately research into how ‘green’ commercial office buildings are actually performing is limited due to the 
relatively recent nature of this building type and the private and restrictive culture of commercial building management. 
 
This research aims to determine whether commercial office buildings whose designs follow ‘green’ principles or have been 
assessed by a widely accepted environmental assessment tool are outperforming non green (or conventional) buildings in 
terms of their environmental performance, specifically in energy and water use and in their ability to provide occupant 
satisfaction. The research focuses on nine commercial office buildings located in the City of Adelaide, South Australia with 
approximately 135,000 m2 of net lettable floor area. The research was based on post occupancy evaluation involving 
evaluation of building design, energy (base building and tenancies) and water consumption, monitoring of the internal 
building environment including temperature, relative humidity and lighting levels, as well as surveying the building occupants 
to assess perceived thermal, visual and aural comforts, and also perceived health and productivity. Analyses took place in 
two stages with the first stage involving the analyses of the individual aspects and the second stage correlating these 
aspects to develop a model of user satisfaction for the assessment of green building performance. 
 
Results show that ‘green’ buildings are meeting only some of the initial expectations. For example the ‘green’ buildings 
demonstrated considerable energy savings; in most cases they consumed less than half of the energy of the conventional 
buildings. Tenancy energy use was, however, independent of the building and was influenced by the organisations’ and 
occupants’ requirements with the results showing that tenancies in the ‘green’ buildings had similar and in some cases 
higher energy consumption levels than the tenancies in the conventional buildings. The occupant satisfaction survey 
showed that ‘green’ buildings designed for a known occupant fared significantly better in all areas than ‘green’ buildings 
designed under speculative conditions which received similar responses in the areas of comfort, health and productivity to 
the non green buildings. Despite the expected improvements in the buildings claiming to be ‘green’, temperature in winter 
and summer, as well as lighting and noise problems remain the key issues for the occupants. Although being in a ‘new’ 
space can have a positive effect on occupants, it is evident from this research that in general, little improvement of occupant 
satisfaction is actually seen in ‘green’ buildings, with their open plan work spaces and large glazed facades in fact 
exacerbating problems for the occupants.  
 
This research is this first comprehensive independent study in Australia of green buildings where the holistic approach 
adopted in the study has refined the post occupancy evaluation methodology bringing together multiple aspects; building 
design, resource consumption, measurements of internal environments and occupant satisfaction, acknowledging that it is 
essential for all of these aspects to be optimised for the longevity of ‘green’ buildings. It is expected that the implementation 
of the concluding recommendations, particularly those related to thermal, aural and visual issues will lead to happier and 
healthier occupants, more effective green buildings and contribute to the sustainability of the built environment. 
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