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Abstract

Post-occupancy evaluation (POE) is a platform for the systematic study of buildings once
occupied, so that lessons may be learned that will improve their current conditions and guide
the design of future buildings. Various aspects of the occupied buildings’ functioning and
performance can be assessed in a POE, both chemo-physical (indoor environment quality
(IEQ), indoor air quality (IAQ) and thermal performance) as well as more subjective and
interactional (space use, user satisfaction, etc.). POE draws on an extensive quantitative and
qualitative toolkit: measurements and monitoring, on the one hand, and methods such as
walk-throughs, observations and user satisfaction questionnaires on the other. POE may
seem a necessary, indeed, axiomatic phase of the design and construction process, and
exactly the kind of integrated assessment essential for the design of more sustainable
buildings. Yet POE researchers have often been regarded with suspicion and even hostility,
since their work may cause friction between different stakeholders. This chapter reviews
material published in recent years in an attempt to trace the emergence of POE, describe its
conceptual and methodological backdrop, its interaction with other issues related to
sustainable design, and its increasing ‘canonization’ as a method. We argue that POE offers
the potential to integrate a range of fragmented aspects of the construction process and of
the relations of buildings to their environment and users. We propose that the acceptance of
POE as a mandatory step in the design and commissioning of buildings, whose results are
habitually fed backward and forward to other stages of the design and construction
processes, is an important and probably inevitable step toward making buildings more
sustainable.

B Keywords — appropriate design; indoor air; indoor environment; monitoring; post-occupancy evaluation;
survey; sustainability; thermal performance; user satisfaction; walk-through
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INTRODUCTION
BACKGROUND
Whereas designers expend considerable resources in examining the actual functioning of
and user satisfaction with everyday commodities (especially successful ones), and in
refining their design accordingly, this is not the case with buildings. Although they are
disproportionately more expensive than cars, audio or electrical and electronic equipment,
buildings are very rarely revisited and reassessed once they are handed over to their
users. This lack of evaluation and study stems from numerous reasons and leads to a
situation in which every single building remains a unique specimen, design mistakes are
repeated, and when some re-evaluation of the building as an end product is undertaken,
it is often based on non-systematic troubleshooting. In many cases it is hard to compare
the results of such studies due to lack of uniform, standard procedures and protocols. It
has been claimed that unless a systematic approach is taken for the benchmarking of
buildings, improvement of current practices is left to a haphazard process that does not
necessarily promote sustainability (Roaf et al, 2004).

The absence of regularized feedback from performance to planning and construction
phases becomes ever more relevant under the current conditions which include (Meir,
2008):

® continuous rise in the consumption of energy, both per capita and in absolute terms;

® buildings in industrialized countries consume some 40-50 per cent of overall energy,
from ‘cradle-to-grave’, but primarily during the operational part of their lives (heating,
cooling, ventilation, lighting, etc.);

® the realization that fossil fuels are being depleted and that their use has adverse
environmental, health, social, political and security implications;

® people in industrialized countries (but not only!) spending 80-90 per cent of their
lives in buildings, living, studying, working, entertaining themselves, consuming and
even exercising, which means that the indoor conditions can have a strong imprint
on well-being, health and productivity (Pearson, 1989; Wargocki et al, 1999). The
indoors is, in a very real sense, the human ‘environment’.

At the same time as there are demands to decrease the use of energy, these coincide with
increasing demand for comfort in buildings (Zeiler and Boxem, 2008; Zeiler et al, 2008). A
pointed question that post-occupancy evaluation (POE) may answer is whether these
increasingly stringent environmental constraints must come at the expense of occupant
comfort and satisfaction. Or might achievements be made simultaneously in both
dimensions, balancing energy consumption and occupants’ demands for physical,
physiological and psychological needs? It is difficult to answer these and similar questions
without the kind of insights that POE offers into how buildings actually function and are
perceived.

The tools employed in POE include plan analysis, monitoring of indoor environment
quality (IEQ), indoor air quality (IAQ) and thermal performance, and surveys including walk-
throughs, observations, user satisfaction questionnaires, and semi-structured and
structured interviews. With some first attempts in the 1960s, POE was introduced in
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response to significant problems experienced in building performance with particular
emphasis on the building occupant perspective (Preiser, 1995). POE serves as a way of
providing subjective and objective feedback that can inform planning and practice
throughout the building'’s life cycle from the initial design to occupation. The benefits from
POE can be in the short, medium and long term:

® short-term benefits include obtaining users’ feedback on problems in buildings and
the identification of solutions;

® medium-term benefits include feed-forward of the positive and negative lessons
learned into the next building cycle;

® long-term benefits aim at the creation of databases and the update, upgrade and
generation of planning and design protocols and paradigms (Preiser and Vischer, 2005).

Despite these obvious benefits, POE researchers are often regarded with suspicion and
even hostility, since their work may cause friction between different stakeholders
(including architects, consultants, clients, owners, managers and users) and between
these and the authorities (planning and health, for example), expose some of them to
liability lawsuits, and others to potential demand for upgrade investments. This
institutional and professional fragmentation of authorities, perspectives and liabilities has
hampered the uptake of POE as a self-evident part of the design and construction
professions and industry.

This chapter attempts to outline the various issues related to POE, draw a picture of
the current state of affairs and suggest some possible steps for the canonization of POE
within the planning, design and construction domains. Various sources were reviewed in
order to assess the evolution and state of the art of this field, among them peer-reviewed
journals, electronic databases (Science Direct, Scirus, Web of Science, Google Scholar)
and conference proceedings (including Windsor 2004 Conference — Closing the Loop;
Indoor Air 2002, 2005 and 2008; Healthy Buildings 2003 and 2006; Fassive Low Energy
Architecture (PLEA) 1988-2008; and Passive Low Energy Cooling (PALENC) 2005 and
2007). In addition, curricula of selected schools of architecture were searched online for
POE-oriented courses and programmes with a POE emphasis.

More than 100 papers from these sources were selected for more in-depth
examination and categorized according to types of projects (residential, educational,
public and institutional buildings, research facilities, clusters), aims and targets (energy
consumption, IAQ, IEQ, user satisfaction) and tools and methods employed
(walk-through, monitoring, questionnaires, surveys). The results have been compiled in
Table 7.1, which may be used as a synoptic overview of the paper’s bibliographic sources.

It is important to note that despite the wish to gain a full understanding of projects,
particularly buildings, and the interaction of these and their systems with the building
users, the parameters involved are numerous, the interrelations complicated and often
not straightforward, and the resources needed for conducting a full POE are often beyond
the reach of entrepreneur, designer, owner or user.

POE may be divided into two broad types: lateral studies investigating a limited
number of parameters in a large number of case studies; and in-depth studies providing
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a detailed analysis of all possible parameters in a single case study. Several lateral studies
were reviewed for this chapter, among them the European research project HOPE which
surveyed 97 apartment buildings and 67 office buildings (Roulet et al, 2005, 2006), the
Probe project (Bordass and Leaman, 2004) covering more than 20 office and public
buildings in the UK, a study of office and institutional buildings in the US (Zagreus et al,
2004) and smaller studies such as those by Mahdavi and Proeglhoef (2008) on user
control actions in office buildings in Austria. An example of an in-depth case study is
recorded by Morhayim and Meir (2008) in which a university building including offices,
laboratories and assorted facilities was investigated using observations and walk-
throughs, monitoring, questionnaires and plan analysis.

Our goal in this chapter is not an exhaustive review of all material published on POE,
but, rather, to trace current practices and methods, lacunae and problems, and point to
potential modifications and protocols.

AIMS AND TARGETS OF POE
The nature and goals of POE depend on who is asked, as the prospects and hazards of
this tool and approach are seen differently from the standpoint of each stakeholder.

The entrepreneur should have a vested interest in POE as a way to assess the design
quality and potential gains — value for money invested — enabled by a better end product,
i.e. the building. Against such potential gains, however, entrepreneurs do not always want
too probing a light to be thrown on the performance of their buildings and, in extreme
cases, they will be wary of their legal liability for malfunctioning or hazardous buildings.

The building manager should be interested in lowering energy consumption and
maintenance costs, and an understanding of the actual operation of the building by the
users is an essential step towards this. It has been demonstrated that often there is an
acute discrepancy between objective comfort (such as thermal comfort defined by
ASHRAE (1992)) and subjective comfort (such as defined by the adaptive thermal model
(Nicol and Humphreys, 2002)). Studies have demonstrated energy waste alongside
thermally uncomfortable interiors (overheated or overcooled), as well as increased energy
consumption in buildings in which there is no control over one's personal space (air
temperature, light intensity, etc.).

The building user. Here we can distinguish between the emphasis on well-being and
health (in the case of the building’s occupants, workers, tenants, students, etc.) and an
emphasis on productivity (in the case of the company owner/manager of the building or
the institutional entity responsible for it (the education system, etc.). These two emphases
are clearly intertwined, although in reality clashes of interest exist (Davara et al, 2008).

The architect and consultants should be aiming at producing the best possible building
within the existing economic, statutory, technical and other constraints. The responsibility
of design professionals for the well-being of the people that occupy their buildings is an
obvious but sometimes overlooked basic principle, sometimes inscribed in professional
ethics codes and legislation. As an example, the second paragraph of the /sraeli Bylaws
of Engineers and Architects states that the first and foremost task of the architect and the
engineer is to ensure public health and safety (IAUA, 1994), issues definitely associated
with IAQ and IEQ. This often causes raised eyebrows among architecture students, as
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these mundane duties do not square with their initial glamorous image of the design
professions!

Institutional stakeholders, i.e. the various governmental bodies concerned, on the
national and political levels should be interested in the promotion of better design and
building practices, such as would be enabled by a continuous process of assessment and
upgrade that can be facilitated by POE. In severe cases, faulty buildings characterized by
sick building syndrome (SBS) cause absenteeism, hospitalization and may create
demands for potential compensation for long-term health and other damages.
Institutional stakeholders will also be motivated to achieve the added longevity of better
buildings and systems, minimizing the need for changes, refurbishment or demolition and
reconstruction.

While each of these stakeholders approaches POE from differing and at times
conflicting viewpoints, it is clear that all have much to gain from a thoroughgoing
institutionalization of POE practices and from the extensive use of these methods for
understanding flaws in current practices and producing solutions for the correction of
these.

TOOLS AND METHODS USED IN POE
Since buildings are very complex systems, and their interaction with occupants further
compounds the complexity of possible interrelations and potential malfunctions, it is
imperative that the study of building post occupancy be based on a multi-level, multi-
faceted system of checks and tests. These should involve thermal comfort alongside
heating, ventilation and air-conditioning; illumination and visual comfort; occupants’
satisfaction and behaviour; and, not least, physiological and psychological comfort, since
all of these issues together will affect energy consumption and human well-being.

The methods and tools employed are both quantitative and qualitative, and may be
classified in three rough categories on the basis of the information analysed and
assessed.

Measurements, monitoring, sampling

Some key parameters that may be measured include temperature, relative humidity, air
movement, light intensity, noise levels, pollutants, allergens and pathogens, volatile
organic compounds (VOC) of various compositions and forms (e.g. formaldehyde) and
their overall combination expressed as total volatile organic compounds (TVOC), gases of
different types (CO, CO,), electromagnetic fields and radiation (including radon), etc. While
these may seem the most concrete and unequivocal aspects of a building — simple to
measure and straightforwardly comparable with established objective standards — POE
has shown that the picture is somewhat more complex than may be suggested by a
traditional building physics approach (Pati and Augenbroe, 2008).

For example, while national and international standards exist for some of these
parameters, recent research has questioned the validity of some of these, for example,
the thermal comfort standards defined by ASHRAE Standard 55 (2004). This is rigid in its
upper and lower thresholds, yet its opening statement defining thermal comfort as ‘the
state of mind that expresses satisfaction with the surrounding environment’ suggests that
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things may not be so clear cut. An alternative adaptive model advocated by Nicol and
Humphreys (2002) assumes behavioural and cultural differences, as well as varying
degrees of readiness to accept environmental conditions beyond these rigid thresholds.
Thus, it may not be enough to measure the physical factors in a given environment, nor,
indeed, to measure thermal parameters in isolation, since accumulating evidence
indicates a significant degree of influence of psychological factors on the physiology of
subjects (Mallick, 1996; Faruqui Ali et al, 1998) and the interaction of other attributes (such
as noise) with thermal comfort levels (Pati and Augenbroe, 2006). These effects bring
thermal comfort out of what has been assumed in recent decades to be the task of HVAC
engineers.

Similarly, while visual comfort is addressed by different standards based on light
intensity measurements in isolation, individuals relate differently to both the quantitative
properties and non-quantitative qualities of light in different settings. Thus, whereas
CIBSE Code for Interior Lighting (CIBSE, 1994) provides quantitative standards for
different tasks, it says little on qualitative issues such as material properties like texture
and colour which may influence visual requirements and comfort. Such complex
interactions come into play when combining natural and artificial lighting, which has the
potential to promote energy conservation, but also poses special challenges and
problems for measurement and standard setting. This, together with the limited research
on daylighting utilization possibilities in specific climatic regions (e.g. with high solar
radiation throughout the year), limits the flexibility and options of designers and creates a
dependence on electric lighting for performing visual tasks (Ochoa and Capeluto, 2006).
With these limitations on the uses of theory and standards for designing for visual
comfort, the emphasis on the kind of empirical measurements and feedback offered
by POE becomes all the more important. POE, thus, becomes a bridge not only between
pre- and post-occupation phases, but also between objective and subjective in the
responses of people to buildings and between various domains of experience which
interact in shaping overall satisfaction.

In addition to the complexities inherent in the subjective and interactional nature of
temperature or lighting parameters, additional complexities may arise in the sampling
procedures and the level of the standard themselves. Sampling and monitoring of various
compounds differ from one country to another and even where such standards do exist,
they are often relative and not absolute. For example, the maximum acceptable
concentration of CO, is defined by ASHRAE Standard 62 (1992) as up to 700 ppm above
the outdoor levels, and radiation is often assessed in relation to background levels. Other
compounds of biological significance are often not considered, and rarely sampled.

Compared with the above, energy consumption would seem a relatively easily
quantifiable parameter, since it is already measured continuously at the electricity supply.
However, more refined analysis of this parameter can provide useful insights into a
building’s qualities, properties and problems, such as the comparison of such basic
measurements with a base case or a standard such as the PassivHaus (2008), which
defines targets for energy consumption per floor area.

Finally, additional discrepancies or inaccuracies may arise related to the minimum
accuracy desired, calibration procedures, minimum monitoring period and/or number of
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samples, which must be specified to avoid undue variance in the data or misleading
results. Attempts to standardize such procedures and protocols do exist (see, for
example, Spengler et al, 2000), but these can be compromised by different considerations
and limitations, not least by actual on-site capacity, local and national differences, etc.

Surveys, questionnaires, cohort studies, observations, task performance tests

Such tools may be used by themselves or, preferably, in combination with the more
quantitative measurements described above. While some may consider the type of tools
drawn from the psychological or social sciences to be supplementary, and of use primarily
to gauge user satisfaction, there are researchers who consider them no less accurate and
representative than physical measurements and monitoring, so that a cleverly prepared
questionnaire may provide as much as 80 per cent of all needed indicators for the
assessment of building performance.

The main purpose of these tools is to help understand the intricate interrelations
between a building, its users and the various systems that are part of the building’s
operation. Whereas measuring air temperature within a space seems to be rather
straightforward, how this temperature is perceived by the individual is a totally different
issue, often affected by parameters other than physiology or temperature per se. Such
questionnaires are used to quantify the subjective perception of indoor parameters by
asking interviewees to rank temperature, light, noise, ventilation, overall satisfaction and
other parameters on five- or seven-degree scales. Questionnaires may be in hard copy or
online, filled in by interviewee or surveyors.

Task performance tests are used in order to understand the influence of indoor
parameters on the ability of the user to perform satisfactorily over a given period of time
whether short or long term. This may be of importance both in terms of subjective well-
being and objectively measured productivity. Such tests usually involve a repetition of a
series of tasks such as word identification, form matching, typing, simple or complex
mathematical calculations or other activities similar to those that users are typically
expected to perform. Non-optimal indoor conditions — hotter or colder than neutral,
flickering light or light levels that are too high or too low, lack of fresh air supply, noisy
environments, smells, etc. — will eventually affect the outcome of the test, showing a
decline in performance capabilities (Amai et al, 2007).

While theoretically dealing with the subjective perception of indoor conditions, and
individual interventions, taken collectively, such assessments also offer a good overall
indication of the indoor environment’s condition and properties.

Document analysis, on-site observations
Document analysis can be divided into two main groups. In the pre-construction stage,
drawings, briefs and specifications can be critically analysed to allow correction of
potential mistakes. These may range from architectural details such as oblique angles of
walls and structural elements causing not only usable space loss (Marmont, 2004) but
also being the cause of behavioural problems within the spaces (Preiser, 2004).

Surveys and stationary and walk-through observations are also used to identify various
building or building system problems, among them the actual use of spaces and details
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(such as user-devised ad hoc shading solutions common in fully glazed facade buildings,
open windows in conditioned buildings indicating indoor conditions outside the comfort
zone or lack of sufficient outdoor air supply) or other indicators such as mould and stains
on HVAC outlets, walls and ceiling indicating potential health hazards.

DISCUSSION

Having briefly reviewed POE from the standpoints of various stakeholders in buildings,
and some of its methods and goals, we can reflect on how POE can play a role in
mediating and bridging some key tensions in contemporary building design.

POE IN THE BALANCE OF CREATIVITY AND UTILITY IN BUILDING DESIGN

For example, POE can inform the debate regarding the trade-offs of creativity and utility
in buildings. In the modern age, the former has found more widespread expression as
monumental buildings are designed not only to house religious or public institutions:
spectacular museums, libraries and universities are joined today by apartment blocks and
offices as landmarks. Everyman and company can commission a building that says ‘art’,
not just architecture. Today's new tools allow architectural forms to be constructed within
a spectacularly wide design scale. Buildings with non-repeating unique structural
components are now commonly engineered and constructed. How do these capabilities
interact with the familiar constraints of cost, and the forward-looking constraints of energy
efficiency?

The contention is that the market is full of spectacular and unique buildings that may be
jewels to view but are unethical in the use of energy, land and budget. Even those that
gesture to sustainability may fall short: their rugs may meet the highest standards of
recycled content, the paints free of VOCs and the high-performance windows the most
insulated available; at the same time, however, they may have unwarranted use of some of
these components in the building, in particular if the building has a curious shape. In other
words, even though the building may use more efficient materials, it may use more of them,
or, more of another kind of less efficient material. For example, in the case of wrap-around
glazing, true energy savings could be attained with fewer windows altogether.

POE can play a role in attempts to determine an acceptable balance between
creativity and utility. It does this by bringing in the element of user satisfaction as well as
the actual functioning of the building, which together constitute its utility, and can help
assess if and how the more imaginative or artistic elements interact with these. Currently,
POE of ‘green’ buildings assumes that they are utilitarian in design and, therefore,
measuring satisfaction of the air quality, lighting, thermal conditions, energy use and
perhaps workspace comfort is sufficient. Roaf (2004) is critical of the current definitions
of ‘green’ and ‘sustainable’ for all projects (that is, the idea that all projects today need to
be sustainable) and in particular when confronted with ‘signature buildings' that may be
green in material selection and thermal standards of each element, but lack sense when
it comes to total material use, use (read ‘waste’) of space in work areas and in public
access zones of these buildings (Wilson and Austin, 2004). Roaf (2004) contends that POE
needs to be expanded to contend with design and layout parameters in addition to the
ones covered in research and surveys to date.
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POE IN EDUCATIONAL BUILDINGS

Perhaps one of the areas in which POE has a most compelling role, and is also most likely
to make inroads in institutional terms, is in the design and construction of schools. As
opposed to private and corporate construction processes, schools are in the public
domain and need to balance utility and innovation and, in many districts, must respond to
serious public accountability.

The stakes are large. The magnitude of the education building business both in the
US and the world increases annually.’? More than $20 billion was spent in the US on new
elementary, middle and high school construction alone in 2007 (Abramson, 2008). Trade
journals, architectural websites, research foundation reports and government
documentation show that innovative design is a prime component in the new
construction of schools. Architectural firms that specialize in school design publicize that
they lead community inclusion in the design process, usually limited to pre-
design/charrette stages (AAF, 2008). The school building business includes using POE as
a marketing tool for architect and construction firms® where (almost exclusively)
successes are showcased and awarded. An exception is the US National Clearinghouse
for Educational Facilities (NCEF) which makes some public sector evaluations available*
(Sanoff, 2002). Historically these evaluations consider the facility's physical condition,
usage (as a function of area appropriated for each type of use, e.g. classroom, music
room, cafeteria, student lounge) and energy use by using POE and evaluation database
programmes usually facilitated by professional assessors. The commissioning of
buildings with stated budgets for both cost and energy use is increasing. Space utility is
a dynamic issue as education styles and populations change quickly (Lighthall et al,
20086).

The issue of signature/innovative designs and their association with educational
theory coalesce with stakeholder participation during the design stages but analysis of the
utility of these architectural features has not been addressed systematically in POE.

The UK has put an emphasis on determining better design practices based on POE for
educational buildings and community involvement in the design process. This process
(based on work by the Commission for Architecture and the Built Environment — UK
(CABE) and furthered by the Design Quality Indicator — UK (DQI) evaluation process)
promotes ways to design more usable educational facilities (CABE, 2006). New and
colourful publications® show new buildings, innovative interior and exterior spaces and
describe their intended use. It does not include POE results that would determine
whether the goals could be realized. Analysing the use of space in these new facilities
should be a priority in light of the CABE 2006 research report Assessing Secondary School
Design Quality which includes insightful sections such as:

Weaknesses: A large number of schools surveyed failed to function spatially. The survey
identifies that teaching, key ancillary spaces and circulation are often inappropriate for
their function. (CABE, 20086, section 7.2)

A school may be designed in accordance with all the conventional and green criteria but
in practice may not lend itself to allowing the occupants to use it to its potential. These
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errors can only be corrected if POE addresses these issues and the results are honestly
and openly publicized.

There are school districts worldwide that are committed to evaluating the use of
space and user satisfaction (Watson, 2003, 2005). These POE and feasibility studies do
not delve deeper than giving a numerical grade to user satisfaction (DKF, 2005). There is
no place in the assessments to ponder whether wasted space was produced by the
design features.

SUSTAINABILITY: FROM DECLARATION TO PERFORMANCE THROUGH POE
Architect Alexi Marmont took the designers of the new London City Hall to task by
guestioning the cost, spatial and energy efficiency of this landmark project (Marmont,
2004). Her review of published data suggested that the unique interior and exterior shapes
were part of the reasons that led to a good, but not excellent, usability rating. The building
cost more than others in its class and user thermal comfort was mixed. Of most concern
is the fact that no data pertaining to energy use had been published and maintenance of
the building will be relatively costly because of its idiosyncrasies. Touted as a sustainable
building, life cycle analysis (LCA) of materials used and energy use data needs to be
added to the evaluations already performed. Perhaps sustainability cannot be determined
by a single mechanism such as the proposed ‘next generation LEED’, which incorporates
performance and a wide range of LCA metrics, but needs to be professionally evaluated
by a group of professionals using a variety of measurements, POE and other post-
construction data. The issue of sustainability, holistic by definition, may be too complex
to determine by measurements alone.

Obviously user sensibility and satisfaction must play a pre-eminent role in evaluating
all types of facilities and therefore they must play an active part in building performance
evaluations of all types (Leaman and Bordass, 1999; Wagner et al, 2007; Langston et al,
2008). The questions at hand demand that the occupant can express his/her satisfaction
with the immediate workspace as well as give an opinion on how much the built
environment is beneficial, neutral or negatively affects the satisfaction rating. Increasingly,
buildings are not simply a workplace or a classroom but where people spend the best part
of their lives (Baird and Jackson, 2004), with potentially profound effects on health and
productivity (Wargocki et al, 1999). Nevertheless it may be unreasonable to include
guestions about material choices at the post-occupancy stage for all types of buildings.
The POE is a tool that must relate to the job at hand. Gordon and Stubbs (2004) touch on
the different goals of POE in five case studies of buildings selected for continued long-
term review by the AlA's Building Performance Committee. They note that architectural
practice Fox and Fowle's selection of a curtain wall of high-performing glass was part of
the specification for the LEED Silver residential high-rise development in Manhattan, The
Epic (also known as St Francis of Assisi). Even if the glazing was of superior quality and
energy efficient relative to other windows, it is less energy efficient and contains higher
embodied energy than many opaque wall options. Does the entire wall of the building
need to be glazed for aesthetic reasons? In order to maintain sale value? Is it possible to
structure questions in a POE to elicit constructive responses from a building’s tenants
with reference to their views of glazed curtain walls? There are developers of commercial
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urban projects that ask such questions such as at the Solaire residential tower in New York
City's Battery Park City, but they are few and have not been externally evaluated after
construction (DOE, 2004).

Achieving comfort in conventional buildings, especially the glass-and-steel blocks
characteristic of the past 30-40 years, results in substantial energy consumption and
adverse environmental impacts. A survey of 200 detached houses conducted in the cold
climatic area of Japan to clarify the characteristics of indoor climate and energy
consumption (Genjo and Hasegawa, 2006), showed that the indoor climate in buildings
constructed in recent years was better than that in older buildings, and the energy
consumption in the former was higher than in the latter. There is a persistent discrepancy
between the increasing demand for comfort in buildings and the need to decrease the use
of energy (Zeiler and Boxem, 2008). However, under the mounting pressure of energy
shortage, one approach to minimize the contradiction is to design sustainable buildings in
an informed and responsive way (Zeiler et al, 2008). Therefore, integration between end-
user needs and building performance is of significant importance.

POE studies have the potential to clarify discrepancies, loopholes and problems in
different ways. They can indicate problems in the design process (for the architect and
related disciplines), the operation (for the occupant, user and building manager) or in the
building as a system.

Even (or, perhaps, especially) in initiatives that are declared to be green, and for
architects who plan for them, POE has an important role to play in providing feedback.
A POE study of a solar neighbourhood in Israel (Vainer and Meir, 2005) showed
discrepancies between the planners’ environmentally friendly intentions and the final
outcome. The neighbourhood was constructed in three stages over time. Analysis of
quantitative data, such as south-facing fenestration as a percentage of the overall area of
each unit, showed a gradual decline over the course of the three-stage construction,
substantially restricting the potential for passive heating and natural ventilation, and
deviating from initial intentions. Whereas two monitored houses in stage 1 showed
minimal or no auxiliary energy use for backup heating in winter and none for cooling in the
summer (Etzion, 1994; Meir, 2000a), monitoring of houses in the later stages revealed
indoor winter temperatures to be significantly below thermal comfort even with backup
heating, and incorporation and operation of air conditioners in the summer, owing to
wrong design. The study revealed that whereas the houses in stage 1 were mainly
designed by local architects who were acquainted both with the local climate and with the
bioclimatic strategies, the latter were designed primarily by non-local architects with little
or no acquaintance with the potential provided by the plan, misunderstanding the
principles of sustainable design and bringing about the unintended outcome.

The inputs available from POE can also identify where the behaviour of building users
undermines their functioning and where the education of users is critical in order to
prevent this and increase their capacity to operate features optimally (Hydes et al, 2004).
A POE survey of seven energy conserving projects in Israel showed that, to some degree,
each of them malfunctioned after several years of occupancy, mainly due to the lack of
communication between the architect and users over time, often caused by the
introduction of new users (Meir and Hare, 2004). As a result, systems and features were
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operated inappropriately, leading to poor indoor conditions and eventually to building
changes. An evaluation of the refurbishment of four historic buildings dating from the 16th
century showed that inherent traditional physical features were abandoned for new
technological solutions such as air-conditioning, since users were largely unaware of the
potential of the original building features and their potential to modify the indoor
environment (Buhagiar, 2004).

A study of office buildings in Austria indicated considerable levels of dissatisfaction
with certain aspects of the indoor climate and environmental control systems. Occupants
interviewed considered their knowledge of their offices’ environmental systems as
insufficient and would welcome clarification on the operation of such systems (Mahdavi
et al, 2008).

Besides instructions on use and operation, it is necessary to explain to the user the
rationale and potential of sustainable design. A survey of a bioclimatic complex in a desert
climate showed that although there were detailed instructions on the appropriate
operation of buildings and their systems and details (shutters, wind chimney, etc.) in every
unit, tenants were often confused and doubtful about the actual effects of such measures
(Meir et al, 2007). Actually, not all tenants who are living in green buildings feel committed
to the concept of passive heating or cooling. Energy efficient building is hardly just a
technology — it truly is a way of life and a tool to achieve a bigger goal. Thus this kind of
building should be nurtured by education and not left to self-explanatory tools. POE can
identify the where and illuminate the how.

THE RELATION OF POE TO LCA AND GREEN STANDARDS

POEs can supplement life cycle analysis, the set of mechanistic and analogical
determinations based on energy use and quantifying the types and amounts of
construction materials, increasingly used to compare the impact of buildings (Boecker,
2005; BFRL, 2007). These, it is hoped, can help quantify the carbon emissions from
materials used in building and the potential emission savings inherent in using specific
construction elements (Huberman and Pearlmutter, 2008). LCA has not been used widely
for comparing buildings to date because of the multitude of variables that make up
embodied energy calculations and the problems involved in attempting to attribute
energy savings to elements that are dependent on how they are operated (Meir and
Hare, 2004). Also, some work and public spaces have qualities that may not have an
agreed use and are challenging to monitor, such as multistorey atriums (Atif and Galasiu,
2003). User intuition and feedback may play a guiding role in correlating the materials
used and the value of the space created. Evaluation of a building’s success in supplying
a healthy and usable environment by its occupants and users as well as professionally
produced appraisals are a necessary component of LCA (Gale, 2008), and this is where
POE comes in.

As green buildings and low-energy houses began to catch on, the design community
recognized the need for a rating system to assess how green a building is (Hydes et al,
2004). In 2000, the United States Green Building Council (USGBC) launched the first
formal framework for rating green buildings in the US — Leadership in Energy and
Environmental Design (LEED) (Abbaszadeh et al, 2006). The LEED system, with its
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69-point scheme and third-party verification, offered a set of assessments of green
buildings, which consisted of sustainable sites, water efficiency, energy and atmosphere,
materials and resources, and indoor environmental quality (USGBC, 2002). However, it
was not developed to be used as a POE tool, and has been criticized for its relative
flexibility in mutually compensating items.

In 2002, the California-based Center for the Built Environment developed a web-based
survey and accompanying online reporting tools to assess the performance of workspace,
identify areas needing improvement and provide useful feedback to designers and
operators about specific aspects of building design features and operation strategies
from the occupants’ perspective. The survey includes the following modules related to
IEQ: office layout, office furnishing, thermal comfort, air quality, lighting, acoustics and
building cleanliness and maintenance (Zagreus et al, 2004; Abbaszadeh et al, 2006;
Kosonen et al, 2008). A seven-point semantic differential scale with endpoints ‘very
dissatisfied' and ‘very satisfied’ was used to evaluate occupant satisfaction quantitatively.
If respondents indicate dissatisfaction with a survey topic, they branch to a follow-up page
where they can specify the source of dissatisfaction. Thus, a web-based IEQ survey has
been utilized as a diagnostic tool to identify specific problems and their sources (Kosonen
et al, 2008). Furthermore, the survey implementation process is convenient and
inexpensive, since the survey is delivered through a website, where occupants are given
the ability to evaluate their workplace online. Responses are collected and added to a
benchmarking database comprising the records of buildings investigated, enabling the
comparison of occupant satisfaction of different buildings transversely.

POE IN DISENTANGLING THE NEXUS OF ENERGETIC, THERMAL

AND VISUAL DIMENSIONS

POE becomes important, even essential, given the often unexpected interrelations
between various aspects of building function. For example, buildings with sustainable
features are not only expected to save energy, especially for heating and cooling, but also
to provide their tenants with a better indoor environment. The following case studies
focus on the evaluation of building performance relevant to energy consumption, referring
to thermal comfort, visual comfort, occupant satisfaction, energy efficiency, etc. The
majority of these buildings were designed with a variety of energy saving characteristics
regarding the local climatic conditions, for instance, double-skin facade, thermal mass,
natural ventilation and passive heating or cooling devices in the light of sustainability
principles. The methodology involved in these case studies basically covered both
physical measurement and monitoring, and occupants’ subjective assessments.
Furthermore, a few studies emphasized the comparison between green buildings and
ordinary buildings, using an IEQ tool.

Three POE studies (Gossauer, 2005; Pfafferott et al, 2007; Wagner et al, 2007) conducted
in Germany investigated green buildings referring to thermal comfort and occupant
satisfaction. Although their research targets differed, the findings were similar and interrelated.
It is noteworthy that a positive perception of thermal comfort reported by respondents who
are working in these green buildings may occur beyond the temperature limits normally set for
air-conditioned buildings. Actually, several research projects have demonstrated that
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occupants in naturally ventilated buildings perceive higher room temperatures as comfortable.
Since the current regulations, standards and recommendations of design temperature only
refer to air-conditioned buildings, being forced to apply them in the evaluation of green building
performance would probably result in an unsatisfactory outcome and restrictions in passive
cooling design. The limits of tenants’ perception of comfort are important for naturally
ventilated and passively cooled buildings.

Additionally, the occupants’ ability to control the indoor environment influences their
satisfaction. Questionnaires suggested that in the case of no control over one's
environment, occupant satisfaction with indoor temperature was relatively lower,
although it met the standards of ISO 7730. Obviously, perceived control is different during
the different seasons. On the other hand, two studies concerning environmental control
systems (Menzies and Wherrette, 2005; Mahdavi et al, 2008) showed that buildings with
fully operable windows were marked with higher satisfaction than those without such
windows, the former allowing occupants to enjoy natural ventilation and daylight.

Daylighting and visual comfort are fundamental aspects of the indoor environment
and energy efficiency in buildings. For tenants, many studies have demonstrated that if
daylight is the primary source of lighting, there is a great improvement in productivity,
performance and well-being for occupants in general (De Carli et al, 2008). The most used
parameter for quantification of daylighting in buildings is the daylight factor (DF) which
can be defined as the illuminance received at a point indoor from a sky of known or
assumed luminance distribution, expressed as a percentage of the horizontal illuminance
outdoors from an unobstructed hemisphere of the same sky (Patricio et al, 2006). Other
relevant parameters for the evaluation of daylighting and visual comfort performance in
buildings are the uniformity ratio and glare. By introducing daylight into office space
through windows and using it as the source of lighting, energy consumption for artificial
illumination can be reduced substantially.

A field study in Japan investigated performance and daylighting during the operation
phase by surveying visual comfort and energy efficiency in office buildings.
Questionnaires and monitoring surveys were conducted in nine office buildings between
2002 and 2007. Installing a large window has the advantage that energy for lighting is
saved and visual comfort is improved by introducing natural light and allowing views out
(Ito et al, 2008). However, thermal and visual comfort near windows are not always
improved — occupants may suffer from excessive heat and glare discomfort (Mochizuki et
al, 2006; Ito et al, 2008). South-facing windows are especially problematic due to the
penetration of direct radiation and their blinds are often kept shut. In that case, a large
window may prove to be largely counterproductive (Ito et al, 2008).

Driven by the need to increase comfort and energy efficiency, double-skin facades
(DSF) were developed as an architectural engineering solution that has been adopted
mainly in office buildings. Since DSF were initially developed for colder climates to help
reduce energy for heating, they can cause overheating problems and increased energy
needs for cooling during the summer, as well as in temperate and hot climates, especially
if appropriate shading and ventilation devices are not designed or properly operated.
Three POE studies showed that blinds and mechanical ventilation systems in DSF can
solve glare-related problems or excess solar radiation.
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CONCLUSIONS: POE - BETWEEN THE EMBRYONIC

AND THE INEVITABLE

In this chapter we have reviewed some of the key aspects of POE and presented a
somewhat eclectic and opinionated account of how POE interacts with important debates
and issues in making the construction and life cycle of buildings more sustainable. Now
is the time to take a step back from the details to look at the big picture regarding the
development and institutionalization of POE and its emerging role as a facilitator of
sustainable building practices.

Our review of published, conference and web sources shows a rich and increasingly
sophisticated set of practices associated with POE — the overall sense is of a field that is
at the threshold of maturity, but not quite there yet. Indications of this are that despite a
growing awareness of POE principles, procedures and their importance, their use and the
way in which they relate to key debates remains erratic. Thus, while the number of studies
has grown enormously, they lack agreed-upon protocols, measures and procedures,
making comparison difficult. Another indicator of pre-maturity is the distinct but still
relatively low level of use of POE in the education of architects and the other professionals
involved in the building process.

What does strike us in our review, however, is the extent to which the path toward
greater maturity, acceptance, consistency and formalization of POE is inevitable. This is
because of the remarkable and increasingly demonstrable potential of POE to serve as an
integrator of various realms. It is in this integration role where POE contributes to
sustainability in the deeper senses. By integration we mean the following (among others):

@ integration between the pre- and post-handover phases in the building life cycle;

® integration of the various stakeholders in the building process — particularly the
designer, owner, operator and occupant;

® integration of the various building disciplines with one another;

the merging of practice with research;

® integration of various tools and, indeed, with the suites of qualitative and quantitative
research traditions;

® integration of subjective and objective dimensions of building use and experience,
and their measurement;

® the ability to bridge the static performance conceived for the building versus the
dynamic functioning when real users interact with and modify these static features;

® bringing conceptions and aspirations closer to actual practices and performances.

New buildings are required to meet increasingly demanding standards with respect to
comfort, safety, cost-effectiveness and sustainability, while still allowing creative
expression. And they must do so across a time horizon now stretched backwards and
forwards in new ways by perspectives such as life cycle analysis. In this milieu, the kinds
of integration sketched above are no longer a luxury, but an imperative for survival (Roaf
et al, 2005). And this is why we argue that it is inevitable that POE — which can facilitate
so many of these forms of integration — will take on an increasing and, ultimately,
indispensable role in the building process.
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NOTES

1 Foundations and Firms American Architectural Foundation http://www.archfoundation.org/aaf/aaf/
Publications.htm

2 Organisation for Economic Co-operation and Development, Directorate for Education, Programme
on Educational Building PEB Exchange No 63 — June 2008 and previous journals

3 www.designshare.com, www.learningbydesign.biz/

4 NCEF www.edfacilities.org/

5 www.dgi.org.uk/DQI/Common/PSD-book.pdf
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