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Abstract: In the last decade, environmental imperatives have found their way into New Zealand’s 
debate on the quality and performance of the built environment. The New Zealand Green Building 
Council launched Green Star Office Design in 2007, soon complemented by the Office Built tool. 
However, the actual performance of Green Star rated buildings seldom has been verified after 
occupation. Most are not dissimilar to common-practice office buildings, with high proportions of 
unshaded glazing, lightweight structures and air-conditioning systems. This raises legitimate questions 
about their overall indoor air quality and comfort, and about the efficacy of the rating tool in actually 
delivering the assessed quality. This paper examines the overall features of Green Star rated office 
buildings in Auckland, and discusses the measured performance of two case study buildings, one 
naturally ventilated and one air-conditioned, comparing their indoor air quality and comfort. Results of 
the first research phase reveal clear discrepancies between predicted and measured performance, with 
localized thermal comfort issues in the naturally ventilated building due to both design failures and 
human behaviour. They also indicate the need for further adjustments of the rating tool in order to 
increase its sensitivity to different ventilation systems. 
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1. Introduction 

New Zealand has become known for its clean and green image. This reputation is confirmed by the 
Environmental Performance Index 2014, which assesses the environmental performance of member 
countries, focusing on human health and ecosystem protection: New Zealand is 16 out of 178 countries 
(Yale University, 2014). Despite this reputation as a green country, concern and awareness have been 
growing about the social and environmental issues caused by the worryingly low performance of New 
Zealand’s building stock. In the last two decades, the number of studies of housing energy efficiency and 
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thermal behaviour has multiplied, revealing the extent across the country of living conditions that are 
below international standards (Isaacs et al., 2004; Lloyd, 2006) and proving the direct impact of this 
phenomenon on population comfort and health (Howden-Chapman et al., 2012). Yet to date, not only 
has little research been undertaken to assess quality and performance of work spaces (Amitrano et al., 
2014), but also legislation governing the construction sector has not improved the performance of 
commercial buildings. Despite this, the number of green properties has increased: office buildings are 
the type for which the construction industry most often seeks green certification (Yudelson 2008), and 
the first type to adopt green building rating tools. These became available in 2007, when the New 
Zealand Green Building Council (NZGBC) launched Green Star Office Design, which soon was 
complemented by the Office Built tool. Since then, 60 office buildings have been certified in the country, 
the majority (36) in Auckland, the largest city and New Zealand’s economic capital. The increasing 
interest in healthy and productive work environments has likely been a critical factor in the growth of 
green office buildings in the country (Heerwagen, 2000). However, the willingness of New Zealand 
investors to pay more for green office buildings – a trend already observed in the European and 
American construction market (Eichholtz et al., 2010) - could also suggest demand driven by the 
availability of capital to be invested in promoting the green corporate image. Indeed, behind the green 
façade, the actual performance of Green Star rated buildings has seldom been verified after occupation. 
Most are not dissimilar to common-practice office buildings, with high proportions of unshaded glazing, 
lightweight structures and air-conditioning (AC) systems, which raises legitimate questions about their 
overall indoor air quality and comfort and the efficacy of the rating tool in delivering the assessed 
quality (Byrd and Leardini, 2011). To fill this gap, a study was initiated in 2012 by researchers at the 
University of Auckland, with the aim of investigating the development of Green Star rated office 
buildings in Auckland and their main features, that proved conducive to successes and failures. This 
paper presents the initial results of this research and examines the overall features of Green Star rated 
office buildings in Auckland against the impact categories of the rating tool, to uncover a possible 
correlation between design solutions, building performance and stars awarded.  

2. Green office building assessment 

Green buildings can be seen as the spatial result of a conscious collective effort to minimize the 
significant impact of the construction sector on the natural environment. In particular, green office 
building design typically aims at delivering energy-conscious, healthy and productive work 
environments, able to reduce CO2 emissions. The measurable performance of these buildings usually 
goes above and beyond minimum code requirements, thus demanding new and more challenging 
performance thresholds. For this reason diverse rating systems, protocols, guidelines, and standards 
have been developed worldwide, either to implement environmentally friendly construction strategies 
or to assess the environmental impact of the increasing family of green buildings. The first real attempt 
to assess environmental features in buildings was in 1990, when the UK Building Research Establishment 
introduced its Environmental Assessment Method (BREEAM). This was followed by Leadership in Energy 
and Environmental Design (LEED) developed in the USA in 1998, which became one of the most popular 
tools. In the following years many countries adapted these pioneer tools to local conditions and needs, 
developing their own national assessment methods (Haapio and Viitaniemi 2008); recent examples 
include Australia and New Zealand, which launched Green Star in 2003 and Green Star New Zealand in 
2007 respectively. These tools vary to a great extent. Despite their differences though, they are all point-
based systems, where a building obtains points for achieving particular performance targets in separate 
and differently weighted categories (Sev, 2011), including energy, indoor air quality (IAQ) and thermal 



449 

 

Actual performance of naturally ventilated and air-conditioned Green Star certified office buildings in New 
Zealand 

comfort, which are usually the most significant and thus highly weighted. Fundamental to most 
assessment tools, the definition of point and its use are the subject of much debate (Fenner and Ryce, 
2008), making the comparison of performances assessed with different tools impossible. Moreover, 
most of these tools do not take into account lifetime parameters, assessing original building conditions 
only, while the performance of the building in use is not taken into consideration (Newsham et al., 
2013). As the assessment tools include multiple impact factors, overall high scores do not automatically 
imply high thermal performance and energy efficiency; thus the performance might not reflect the 
declared certification objectives (Van Wyk, 2008) to ensure the healthiest possible built environment as 
the result of the most efficient and least disruptive use of land, water, energy and resources. 

3. Green Star New Zealand 

NZGBC developed Green Star New Zealand, based on the homonymic Australian tool, with some 
modification to fit local climate and needs. It evaluates building projects based on eight environmental 
impact categories and a separate innovation section. Within each category, points are awarded for 
initiatives that demonstrate a project has met the overall objectives of Green Star NZ and the specific 
criteria of the relevant rating tool credits. As shown in Figure 1, energy and indoor environmental quality 
(IEQ) are the two most important criteria, with the latter comprising IAQ, lighting and views, thermal 
comfort and noise levels. Better IEQ can provide stimulating and comfortable environments for 
occupants and minimise the risk of building-related health problems. On the other hand, energy has 
emerged as a critical economic issue and top priority for policymakers, with buildings on the front line 
due to their high energy demand. The system awards an overall score out of 100 by adding together the 
weighted category scores. The first version of the tool, Green Star NZ-Office Design v1 was soon 
complemented by the Green Star NZ-Office Built v1 (2008). The first is for a project to be rated at the 
design stage, the second after construction. The same project can seek both certifications. Later, NZGBC 
introduced Green Star NZ-Office Design and Built 2009, an advanced version of the previous tools. A 
building can achieve a maximum of six stars. To date only two buildings have met that target with both 
design and built certification, thus gaining World Leadership status (75+ points) in construction. 29 of 
the other certified office buildings are 5 Stars (NZ Excellence: 60-74 points), while the remaining 29 are 4 
Stars, which corresponds to Best Practice (45-59 points). 
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Figure 1: Breakdown of points available for each category of various rating tools 

Although the number of buildings certified annually in the country remains low, they are significant 
when compared to the average number of new office buildings between 2007 and 2014 – 2,555 in total 
(Statistics NZ, 2014), confirming the increasing awareness among developers and owners about the 
environmental and economic benefits of green buildings (NZGBC, 2010). Most are in Auckland, where 
the CBD office market occupies 1.3 million square metres, valued at approximately NZD $7.7 billion. 
Most of these projects were assessed during the design phase and only 10 of 32 were later certified 
after construction. The preliminary analysis of the NZGBC database for the Auckland region shows that 
more than 90% of the certified buildings are equipped with AC systems. This figure appears anomalous 
when considering local conditions, characterized by a subtropical climate, with warm humid summers 
and mild damp winters (NIWA, 2014). With this favourable climate and   potential economic advantages 
(e.g. reduced initial investments and running costs for energy) naturally ventilated buildings seem to be 
the most suitable solution in Auckland — provided they are designed according to local climate and 
relevant international standards (ASHRAE 55-2013, 2013; ASHRAE 62.1-2013, 2013; ISO 7730, 2005; NZS 
4303, 1990). However, effective natural ventilation in office buildings is difficult to implement, while 
centralised AC guarantees even and controlled indoor environmental conditions (Leaman and Bordass 
2007). Following an internationally recognisable trend (Drake et al., 2010), AC has become the first 
choice of architects and designers in New Zealand — including those aiming for Green Star certification. 
This raises questions about the impact of the rating tool on common design features of Green Star 
buildings: most are not dissimilar to common-practice constructions, with high proportions of unshaded 
glazing that inevitably result in excessive external heat gains, easily removable only with mechanical 
ventilation systems. 

4. Measuring performance: case studies in Auckland 

In order to understand if naturally ventilated (NV) office buildings are suitable for Auckland and identify 
any resistance to their construction, in 2014 a thorough assessment campaign of two NV Green Star 
rated buildings in the region was started. This included a one-year measurement campaign of 
environmental parameters (temperature, relative humidity and CO2) in representative office locations, 
post-occupancy evaluation (POE) questionnaires distributed to a sample within the monitored areas, 
and interviews with different stakeholders involved in the design and construction process. As control 
cases, two AC Green Star office buildings in Auckland were evaluated using the same methodological 
approach. While the assessment campaign has not yet been completed, interesting results start to 
emerge, pointing out dissimilarities in performance between buildings with different ventilation systems 
as well as various issues of acceptance and adaptation to variable indoor environmental conditions. 

For this paper, only two case studies were selected and compared, one NV and one AC office 
building. The NV 6 Star rated complex is of five individual buildings, each with three levels of office 
spaces. Two offices were monitored, at levels 1 and 3 of different buildings, characterised by various 
orientations and solar exposure. Their main design and construction feature is the double skin façade, 
whose windows in the inner wall can be operated by the occupants, providing the interiors with fresh air 
from outside. The 5 Star AC building features a full height curtain wall incorporating high-performance 
glass with double skin façade. The building is equipped with smart building control systems that monitor 
the external environmental conditions and can deliver high volumes of fresh air to the interiors by the 
variable air volume AC system. The two offices monitored are at level 5 and level 7. Both buildings were 
designed with open plan offices that provide outside views, a valuable feature towards green 
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certification. Throughout the study, data loggers have been placed at representative locations within 
one metre of the subjects’ workstations. Occupants were invited to complete an online confidential POE 
questionnaire. This is based on 7-point Likert scales (1 = satisfactory and 7 = unsatisfactory) with a space 
for commentary, covering variables of indoor environment, thermal comfort, health, productivity, and 
general acceptability of the workplace.  

5. Results and discussion 

Results of the one-year measurement campaign in the NV building clearly show seasonal changes of 
indoor temperatures according to the outdoor climatic conditions. The recorded indoor temperatures 
during the period June 2014 to May 2015 are shown in Figure 2. In the winter months (June to August) 
indoor values fluctuate daily according to a recurrent path: after the nocturnal drop, morning 
temperatures are generally low and start increasing at around noon – due to internal and solar gains – 
to reach the peak in the late afternoon. However, when outdoor temperatures fall below 10°C, the 
building fails to provide comfortable indoor conditions, especially after the weekend. A similar 
dependency to outdoor climatic conditions can be seen in summer (December to February), when 
indoor thermal discomfort (up to 28°C) usually occurs for outdoor temperatures above 25°C.  

 

 

Figure 2: Temperature in the NV building for the period June 2014 to May 2015 compared to daily min 
and daily max outdoor temperatures (NIWA, 2015) 



452 H. Budin and P. M. Leardini 

This temperature distribution does not comply with the thermal comfort standard defined by the 
New Zealand Department of Labour (1997), which states that people with sedentary occupations are 
thermally comfortable when the air temperature ranges between 19°C and 24°C in summer and 
between 18°C and 22°C in winter. Given that daily maximum outdoor temperatures in the summer 
period are usually below 25°C, indoor overheating is likely caused by design failures, due to high internal 
gains typical of office buildings. This initial assumption was later confirmed through interviews with 
some of the key stakeholders involved in the design process and the building management. 

Comparison of these results with parallel measurements in the AC office building reveals clear 
differences of thermal performance. Figure 3 reports temperatures recorded in both buildings over 
three months, from March to May 2015, with outdoor temperatures indicating the transition from 
summer to winter conditions, and high relative humidity (around 80%). While indoor temperatures of 
the AC building are constant, with minimal fluctuations even between day and night, in the NV building 
they decrease progressively following seasonal variations, with sensible differences between day and 
night especially in the warmer period. This variability has produced uncomfortable working conditions, 
as revealed by the occupants’ feedback in the questionnaires. Summer and winter temperature readings 

often show peaks respectively above 25C (in the afternoon) and below 18C (early morning till lunch 
time). This issue, as expected, usually occurs at the beginning of the week (Monday and Tuesday). While 
these values would not be acceptable according to the PMV method, verification using the CBE Thermal 
Comfort Tool (Tyler et al., 2013), demonstrates that only winter peak conditions do not comply with the 
adaptive approach as stated in current ASHRAE Standard (ASHRAE 55-2013, 2013). 

 

Figure 3: Comparison of temperature in both NV and AC buildings for the period March to May 2015 
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A similar variability characterizes the CO2 concentration in the NV building. Figure 4 compares 
concentrations recorded over 5 weeks in summer (February to March) and winter (June to July), 
confirming the expected seasonal differences, mainly for behavioural reasons. Indeed in winter, the 
outer façade is kept closed to reduce heat loss by trapping warm air in the cavity, limiting the flow of 
fresh air from outside. This explains high concentrations at times, up to 1962 ppm. Yet, on average, the 
limit of 1,000 ppm established in NZS 4303, 1990 is not exceeded. This standard though, was developed 
based on the earliest ASHRAE Standard 62-1989, 1989, and has not been reviewed since. The current 
ASHRAE Standard 62.1-2013 (2013) does not specify an absolute limit value: instead, it states that a 
concentration value of 700 ppm above outdoor air levels in spaces housing sedentary people is an 
indicator of satisfaction for the majority of people entering the space. Accordingly, recorded CO2 
concentration remains, on average, acceptable. 

In summer, the entire outer skin opens electronically to fully ventilate the cavity (and the interiors) 
and occupants can open a series of sliding panels in the inner skin to regulate ventilation; the increased 
air change rates explain the lower CO2 concentration recorded. Relative humidity was uniformly average 
throughout space and time, with mean values around 60% in the NV building and 50% in the AC 
building. Indoor air velocity in the NV building ranges from 0.05 m/s to 0.20 m/s, while is generally low 
in the AC building, yet typical for AC systems (NZS 4303, 1990; ASHRAE Standard 62.1-2013, 2013).  

 

Figure 4: CO2 for NV building for winter (22 Jun - 19 Jul 2014) and summer (1 Feb - 7 Mar 2015) 

Environmental measures were then compared to the results of the online questionnaire, to verify 
trends and identify possible drivers. All occupants of both buildings are desk-based, distributed in a mix 
of single occupancy, low-occupancy open plan and larger high-occupancy open plan rooms. Given the 
limited sample, questionnaire results do not have statistical significance but rather are used to compare 
measured data and occupants’ perception of the work environment, to identify possible issues 
concerning the buildings. The majority of respondents in the NV building are male (82%), while in the AC 

       Week 1  Week 2          Week 3  Week 4           Week 5 
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building male and female respondents are balanced. Both buildings’ occupants show a similar age 
distribution with the majority ranging between 31 and 50 years of age. 

Figure 5 summarizes the satisfaction of the occupants with their indoor environment. It is apparent 
that the majority of the responses in the NV building are in the neutral to discomfort area of the graph, 
while the respondents in the AC building are in general more satisfied by their work environment. This 
likely reflects the large variability of indoor conditions discussed above, in particular concerning thermal 
comfort. Although the occupants of the NV building have full control of the openings — a factor that 
positively affects occupants’ perception of their thermal environment and increases their acceptability 
(Vischer, 2007) — most of the time, the façade remains closed for reasons of privacy and external noise 
from the nearby road. Indeed, noise is a cause of dissatisfaction for over 60% of the occupants. In terms 
of air quality, constant and uniform air changes gain the favour of the majority (70%) of the respondents 
in the AC building, while balanced positive and negative responses are recorded in the NV building, likely 
reflecting different conditions across office spaces — with workstations closer to window more likely to 
benefit from higher air change rates. It must be noted that late modification of the open plan offices 
into multiple individual spaces likely prevents the circulation of air as per design, adding to the 
dissatisfaction of the respondents with the air quality in the NV building. 

 

 

Figure 5: Summary of respondents' satisfaction with the indoor environment 



455 

 

Actual performance of naturally ventilated and air-conditioned Green Star certified office buildings in New 
Zealand 

With both buildings featuring large glazing surfaces, light is not a concern; however, glare is, 
especially in the NV building, likely due to its clear enamelled glass, while the AC building features 
selective glass façades to better control sun radiation. Finally, particularly interesting are the responses 
to questions investigating the impact of building features on occupants’ productivity, which provide a 
summary of previous considerations. 56% of the respondents in the NV building indicated that their 
productivity decreases due to the environmental conditions of the workspace, while in the AC building 
the majority of the respondents perceived that the environmental conditions help increase their 
productivity. 

6. Conclusion 

This paper discusses the performance of two Green Star certified buildings in Auckland, one naturally 
ventilated and one air-conditioned, assessed through a mix of quantitative and qualitative methods, 
comparing their indoor air quality and comfort. Results of the first research phase reveal discrepancies 
between predicted and measured performance of the NV building, with localized thermal comfort issues 
due to both design failures and human behaviour. The AC building instead matches expectations, 
providing occupants with stable working conditions. This is reflected in lower satisfaction with the 
indoor environment of the NV building compared to the AC building, despite individual control by the 
occupants of their work spaces. The study found that design is key to the success of NV buildings, 
especially in the mild climate of Auckland; while environmental and economic benefits provided by NV 
are undeniable, most of the certified office buildings in the region have been designed around the 
controlled environment provided by AC systems, which prove to deliver what is required by the rating 
tool in terms of indoor environmental quality. However, cooling and heating loads, as well as the 
associated energy costs, are not considered in this equation. The research demonstrates that occupants 
of the AC building have become finely tuned to the narrow range of indoor environmental conditions, 
while the design of the NV building, which partially failed to respond to the specific context, provides 
extremely variable indoor conditions that drive occupants out of their acceptable comfort zone. 
Furthermore, the central location of the two case studies increases the challenge, adding pollution and 
noise control to the list of requirements. While these aspects contribute to enhance the popularity of AC 
building in the New Zealand green building market, issues of secure energy supply require 
reconsideration of the assumption that air-conditioning is the best solution to the challenge of creating 
indoor comfort, due to the depletion of energy resources in the near future. This reinforces the need for 
an adaptive building design approach, which should become one of the main criteria of green 
assessment tools, complemented by POE surveys and commissioning practice. 
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