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Building performance evaluation (BPE) 
involves the inspection of buildings one to five 
years after their construction, and assessment 
of the extent to which a given building has met 
its design goals. The primary purpose of BPE 
is to improve design practice and ensure the 
continuous improvement of design methods, 
through the provision of feedback to designers 
on the effectiveness of their design choices.  
BPE is also useful to property managers, 
building operators, and building occupants, as 
its collation of detailed measurements and 
occupant feedback highlight which building 
features are operating optimally, and which 
features have the potential to be enhanced.   
 
The building assessed in this performance 
evaluation has been named Building E for the 
purpose of maintaining anonymity. A prominent 
sustainable building on a university campus in 
Ontario, Building E was the recipient of many 
design awards. The building houses faculty 
and graduate student offices and also contains 
lecture theatres. The Building Performance 
Evaluation of Building E was carried out in the 
summer of 2006. 
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Executive Summary 

Building E is a prominent green building on a university campus in Ontario, constructed prior to 
the establishment of the LEED® rating system. This building received a number of awards for its 
architectural and sustainable design. Building E has numerous innovative design features that 
aim both to reduce the building’s impact on the environment, and to improve comfort for 
occupants.   

The goal of energy and load reduction was pursued in the building design using strategies of 
solar shading, relaxed temperature ranges in transition areas, and natural ventilation in shoulder 
seasons. Additional energy-saving strategies included preheating and precooling of air through 
underground passages, use of thermal mass, and underfloor air displacement ventilation in 
lecture theatres. Actual energy consumption in the Building E exceeded predicted values, in 
large part because of operational differences involving hours of occupancy, computer loads and 
temperature setpoints, as well as operational problems with the automatically opening windows. 
Despite these issues, the building still consumes 39% less energy than typical Ontario buildings 
of its type. 

The goal of maximizing daylighting in Building E was pursued using two central atria which bring 
natural light into the building, as well as large glazed areas. Daylighting in the large lecture 
theatre was to be controlled by large vertical shading louvers. In operation, the daylighting 
strategy was effective, but glare problems existed when occupants chose not to make use of 
blinds. In the lecture theatre, problems with the louver motors resulted in these louvers being 
closed and disabled. 

The design strategy to allow wider temperature ranges in the building’s transition spaces was 
agreed to by the owner and a prospective occupant group, in order to reduce energy 
consumption. However, in actual operation of the building, occupant complaints led the operator 
to change these setpoints to a narrower range.  

The goal of optimized acoustic quality in Building E was pursued in the use of acoustic 
treatments in the building, particularly on air transfer openings. These strategies were effective 
in reducing noise propagation to some extent. Most areas in the building had noise levels within 
benchmark ranges, however noise propagation between spaces was still an issue in the 
building, largely due to natural ventilation openings. 

The strategies of natural ventilation in spring and fall, and mechanical ventilation via the atrium 
the rest of the year, were effective in optimizing indoor air quality in the building.  
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1.0 Building Performance Evaluation Pilot Study 

1.1 DEVELOPMENT OF THE PILOT STUDY 

Building E was one of six buildings that participated in the Building Performance Evaluation 
(BPE) Pilot Study in 2006. In this Study, the EcoSmart Foundation applied a new protocol for 
post occupancy evaluation of buildings to diverse types of commercial and institutional green 
buildings. The protocol addresses the energy and water consumption, thermal comfort, 
acoustics, indoor air quality, and lighting in a building, with the Centre for the Built Environment 
(CBE) Indoor Environment Quality survey employed to gauge occupant satisfaction with each of 
these elements.  
 
A list of funding partners of the Building Performance Evaluation Pilot Study is included in 
Appendix 3.5. 

 

1.2 THE BUILDING PERFORMANCE EVALUATION PROTOCOL 

The Building Performance Evaluation Protocol is a set of procedures for evaluating the actual 
performance of occupied buildings as compared to their design goals. The need for evaluation 
of occupied buildings is apparent to many designers, but this has not yet been built in to 
standard practice in the field of building design. The BPE Protocol was developed in order to 
provide a clear set of procedures to enable design firms or other proponents to evaluate 
occupied buildings using a focused method, asking the right questions and obtaining pertinent 
results. 

It is important to make the distinction between a Building Performance Evaluation and a full 
building audit. While audits typically focus on one or two elements of a building’s performance, 
for instance its mechanical and electrical systems, performing an exhaustive evaluation of each 
piece of equipment relating to those elements, a Building Performance Evaluation assesses a 
building’s performance in a broad range of categories, from energy and water consumption to 
acoustic performance, thermal comfort, lighting, and air quality. A BPE also integrates these 
assessments with responses from building occupants about their satisfaction with each of these 
aspects. 

While a Building Performance Evaluation may be combined with a full building audit to assess 
some elements of the building’s performance in greater detail, a BPE is designed simply to 
provide an overview of how the building is performing in relation to its design goals. 

A BPE does not involve use of a rating system to certify a building based on its performance. 
Certification using LEED for Existing Buildings is recommended for project teams interested in 
using such a system. 

The following sections describe the elements that make up the BPE Protocol.  
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1.2.1 Interviews and Administration 

A series of interviews were carried out during the Building Performance Evaluation, as shown in 
Table 1. These interviews were used to gather information essential to the BPE process.  

Table 1: Interviews involved in the Building Performance Evaluation 

Interviewee Information Gathered 

Building Owner General building information, successes and 
opportunities for improvement in building operation 

Design Team – Evaluation Kickoff Meeting Design goals and strategies, building features, 
description of design process 

Building Operator Operational procedures, successes and difficulties 
in building operation 

Occupants (random sample interviewed) Satisfaction with various features in the building 

Design Team – Evaluation Wrap-Up Meeting Discuss results of evaluation, lessons learned by 
designers 

 
 

1.2.2 The Occupant Satisfaction Survey 

A Building Performance Evaluation involves a survey of building occupants to gauge their level 
of satisfaction with various aspects of the building.  The Indoor Environment Quality web-based 
survey, developed and administered by the Center for the Built Environment (CBE) at the 
University of California at Berkeley, was used to gather this information from occupants. More 
information about the CBE’s web-based Indoor Environmental Quality Survey is available at 
www.cbe.berkeley.edu. 

The CBE survey gives occupants the opportunity to comment on their satisfaction with various 
elements of the building, such as spatial layout, office furnishings, office temperature, air quality, 
lighting, acoustic quality, and building maintenance. Each survey is customized to be specific to 
the building being evaluated. This is accomplished through discussion with the building owner, 
operator, and designers, and communication of required customization to the CBE’s research 
staff. Customizations typically include a diagram to enable occupants to identify their location 
within the building, and a number of optional modules that question occupants about specific 
building features, such as exterior shading devices or operable windows.  

A response rate of 50% is normally targeted for the occupant survey, however any dataset 
containing more than five responses may be used to gain insight into occupant satisfaction with 
a building, while maintaining the conditions of anonymity. 
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1.2.3 Empirical Measurements 

Empirical measurements of acoustics, thermal comfort, indoor air quality and lighting are taken 
on one day during the performance evaluation period. These measurements are intended to 
complement the qualitative occupant feedback derived from the web-based survey.  Results 
from the occupant satisfaction survey are used to select ten spaces within the building where 
measurements would be taken, with a balance of the most highly and poorly rated locations 
selected for measurement.  

It is recognized that measurements taken over one or several days do not necessarily reflect the 
typical indoor environmental quality. It is thus important to examine this information collectively 
with the information from occupants, the building operator, and any recorded information 
available from the building’s DDC system. The measurements are considered “snapshots” of 
the building in operation, and should not be viewed as definitive indicators of the overall indoor 
environment quality. 

1.2.4 Analysis of Energy and Water Consumption 

Energy and water consumption estimates, often calculated during the design of green buildings, 
are compared to actual annual energy and water consumption, metered for the building. More 
often than not, there are significant differences in occupancy, hours of operation, and building 
operation from what was anticipated during design, making a direct comparison of predicted and 
actual consumptions a challenge. In such cases, an order of magnitude estimate of the degree 
to which these factors could impact original energy and water consumption estimates is given. 
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2.0 The Selected Building  

2.1 OVERVIEW OF THE BUILDING 

Building E was designed in 1998 and was constructed in 2000 through 2001. The building has 
numerous innovative design features that aim both to reduce the building’s impact on the 
environment, and to improve the comfort level of occupants. 

This four-storey, 9,500 square metre (102,250 square foot) building contains three lecture halls, 
computer labs and office spaces. Approximately 230 university faculty and graduate students 
are housed within the facility’s offices on all four floors, and a maximum of 1500 additional 
students use the lecture halls and computer labs in the building at any one time. In addition, the 
ground floor of the building serves as a thoroughfare for students crossing the campus.  

Two central atrium spaces, one of which contains large trees, allow for visibility and provide 
natural light throughout the building, and are also instrumental to the full natural ventilation 
strategy in the building. Operable windows in the perimeter offices open automatically based on 
local climate sensing. Acoustically treated air transfer grilles are also part of this natural 
ventilation system, as are the thermal chimneys that promote the stack effect and release 
stratified air with the occasional assistance of fans. 

The building is constructed of approximately 50% glazing and 50% insulated panel and includes 
sawtooth facades on the east and west, and horizontal shading louvers on the south. These 
architectural strategies serve to control and optimize the solar loading on the building in order to 
reduce the size of the mechanical systems. 

Building E was constructed in 2001 and has been occupied since that time, and ample 
information is available regarding the building’s performance. Because of the sustainable goals 
and features associated with this building, it was selected as an ideal candidate for the Building 
Performance Evaluation pilot project. 

 

2.2 BUILDING DESIGN PROCESS 

The sustainable agenda for Building E was spearheaded by the president of the University. An 
initial design Charrette was held with the Building E project team, with the purpose of 
developing sustainable design ideas from among the stakeholder team. During this Charrette, 
much interest was shown by key members of the University’s Facilities staff in implementing the 
sustainable principles that were brought to the table.  

An integrated design process (IDP) was used in the design of this building, with architects, 
engineers, users and operators consistently working together to make design decisions. 
According to the design team this was one of the first projects where an IDP process was 
carried out, as it occurred in 1998. For the first several months of the building’s design, only 



Building Performance Evaluation – Building E 

E-8  

conceptual sketches of the building were drawn; hard-line drawings were deferred until the 
evolution of ideas among the design team had been fully developed. 

One particular challenge in the design process for Building E was the fact that the design of the 
building took place in a different province, with construction being directed by other local 
designers, and in the case of the Architect, a different firm. The design team had difficulty 
communicating design goals and strategies across what was later referred to as a ‘translation 
gap’. An example of this involves the thermal chimneys in the building, which were to be painted 
black to maximize solar gain and contribute to the stack effect, but were painted yellow instead 
for aesthetic reasons during construction. The lack of information transfer related to the purpose 
of these chimneys was the reason for this disparity. 

The design team’s aim was to implement sustainable strategies in the building in such a way 
that it not be any less comfortable than a non-green building. Instead, the building was intended 
to be aesthetically agreeable and appropriately designed to serve its function as an academic 
building. 

Of particular note is the fact that there was no capital cost increase associated with the green 
features in Building E. In addition, this project came in on time, and more or less within the 
prescribed traditional budget. No major element of the design was taken out during the process 
due to cost overruns. These facts make the design process for Building E a notable success 
story for the green building industry.  

2.2.1 Design Goals 

The project’s goal of producing an environmentally conscious green building was pursued first 
through an initial Charrette at which goals and design scenarios were developed. Although this 
building was designed prior to the establishment of LEED, and prior to the practice of setting 
clear objectives with respect to energy and water consumption, the sustainable vision was set 
from the start of the process. Building E was the first academic building to be designed with 
such sustainable principles in mind in a cold climate.  

The following six goals were identified by the project team for the building, and led to the 
implementation of the specific design strategies discussed in the next section. 

Goal #1: Energy and Load Reduction 

A design goal was set for 50% energy savings over the American Society for Heating 
Refrigeration and Air Conditioning Engineers (ASHRAE) 90.1-1989 standard, and many design 
strategies were selected to reduce loads and energy consumption in the building.  

Goal #2: Maximize Access to Daylight 

The goal of creating a building with maximal access to daylight, even in lecture theatres, was 
set during design. Several strategies, discussed in the next section, were put in place in order to 
maximize the availability of natural light throughout the building. 
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Goal #3: Achieve adequate thermal comfort with larger temperature ranges in transition spaces 

Related to the goal of energy and load reduction was the design team’s desire to have a wider 
temperature range accepted in transition spaces such as corridors and lobbies. The design 
team worked with the owner and a prospective occupant group to come to an agreement on this 
wider range of temperatures for such spaces, based on the capacity to conserve energy with 
such a practice. 

Goal #4: Create High-Quality Acoustic Environment 

Specific attention was paid to the acoustic environment in the building during the design 
process. An acoustic consultant was involved in developing the noise isolation strategies 
discussed in Section 2.2.2.  

Goal #5: Optimize Indoor Air Quality 

Several strategies, discussed in the next section, were put in place in order to optimize indoor 
air quality in the building. 

 

2.2.2 Key Design Strategies Implemented 

The following strategies were developed during the design of Building E in order to achieve the 
goals expressed above. The results of each of these strategies in operation will be examined in 
Section 2.3.5. 

Goal #1: Energy and Load Reduction 

The twin goals of energy and load reduction led to the adoption of numerous sustainable 
strategies in the design of Building E. Considerable focus was placed on the architectural 
design of the building as it related to reduction of solar loads. Horizontal shading elements on 
the south façade as well as sawtooth facades for the east and west were designed to reduce 
solar gains in the building, reducing cooling demands in summer and making use of solar heat 
in winter. The placement of rooms within the building was also strategic for reducing loads, for 
example high load computer labs were placed on the north side of the building where solar 
loads are not a concern. 

The goal of energy conservation was sought in the design of systems which relied as much as 
possible on natural ventilation in shoulder seasons (spring and fall). Operable windows 
controlled by a weather station on the roof of the building, air transfer openings from the atria to 
internal spaces, and solar chimneys with assistive fans to promote stack effect were all key 
elements in this strategy. A natural ventilation strategy was designed for the lecture theatres 
during the shoulder seasons as well.  

The building was designed with mechanical systems having sufficient cooling capacity for full 
cooling in summer months, when natural ventilation would not achieve sufficient cooling. Air 
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delivered to the building via the mechanical system is preheated or precooled through 
underground passages before reaching the building. In winter, air is delivered through a steam 
tunnel where it is preheated. Ventilation air supplied to the atria is drawn through vertical fan 
cupboards to classrooms and offices. These design strategies were implemented to minimize 
energy consumption while enabling the use of 100% fresh air systems. 

Underfloor air displacement ventilation systems were designed for the building’s lecture 
theatres; this strategy relies on the natural stratification of air rather than forced air mixing, and 
is known to be more energy efficient than standard ceiling air supply systems.  

Use of exposed concrete in the building was also intended to reduce energy consumption, by 
taking advantage of the ability of the structural mass to store heat or cooling and deliver it back 
to the space after a certain lag time. 

An energy model for the Canadian Building Incentive Program (CBIP) was produced for the 
building, and simulation results showed a 38% savings over the Canadian Model National 
Energy Code for Buildings (MNECB) baseline, based on the above measures. 

The design team understood the need for occupants of Building E to be informed about the 
energy conservation strategies in the building, and about their ability to control and influence 
these strategies. To this end, a real-time display showing the building’s energy consumption as 
compared to a standard building was installed centrally, and business-card-sized information 
sheets describing how to use the building’s systems to control the thermal environment were 
distributed to occupants. 

Goal #2: Maximize Access to Daylight 

To address the goal of maximizing natural light in Building E, several strategies were employed. 
Offices were strategically located in the building to maximize daylight in these spaces. Two 
central atria with skylights were designed to allow natural light to permeate most areas of the 
building, even bringing daylight into the basement level through light wells. Both internal and 
external spaces were designed with ample glazing to allow daylight into these spaces from 
outside and from the atria. Internal blinds were included in the building design to control glare in 
workspaces. 

The large lecture theatre in the building was also designed for daylight access, with large 
vertical motorized louvers designed to allow shading control when needed. Use of daylight in 
lecture theatres was not common at the time Building E was designed. 

While many spaces in Building E were designed with ample access to daylight, no daylight 
sensors were employed in the building to automatically control electric lighting in response to 
natural light levels.  

Energy-efficient T-8 lighting was installed in the building instead of the T-12 lighting which was 
more typical at the time. 



Building Performance Evaluation – Building E 

 E-11  

Goal #3: Achieve adequate thermal comfort with larger temperature ranges in transition spaces 

A landmark design decision was made on Building E to design transition spaces, such as 
entries, atria and corridors, to a more relaxed temperature range than the regularly occupied 
spaces in the building. This strategy was pursued in order to allow for considerably lower 
installed heating and cooling capacity and reduced energy consumption in the building. It was 
felt that occupants of the building would not experience significant thermal discomfort with this 
larger temperature range in corridors and atria, since they would often be moving between 
indoors and outdoors. Offices and classrooms were kept at standard temperatures.  

The design team obtained approval from the owner and a prospective occupant group to allow 
temperature fluctuations between 18 - 26°C in transition spaces, while designing to standard 
temperature setpoints for heating and cooling in office and classroom spaces. 

Goal #4: Create High-Quality Acoustic Environment 

An acoustical consultant was included in the design team to address acoustics issues in the 
design of the building. The design team was aware of the potential noise propagation problems 
that could arise from the natural ventilation air transfers. The air transfer openings between the 
offices and corridors were carefully designed with acoustic treatment in order to mitigate sound 
transfer through these openings. Acoustically treated grilles were also designed for openings 
between the atria and internal offices. Acoustical steel decks were used in the lecture halls, and 
sound-absorbing wall panels were mounted in the coffee shop and atria. Acoustical lining was 
also applied to air transfer ducts.  

Goal #5: Optimize Indoor Air Quality 

The ventilation systems in the building were designed to rely on 100% outdoor air to achieve 
optimal indoor air quality. Carbon dioxide sensors were included in the design in certain spaces 
in the building, such as the lecture theatres, to control outdoor air flows based on occupancy. 

The natural ventilation strategy was designed to allow for optimal dispersion of outdoor air 
throughout the building.  

Finishes with low volatile organic compound (VOC) content were used in the building to 
maintain optimal air quality.  

 
The results of all of the above strategies in operation will be examined in Section 2.3.5. 

Another element that was not directly assessed by the BPE Protocol but that was important for 
Building E was the use of a partial green roof to reduce stormwater runoff and to mitigate the 
heat island effect. Additional stormwater management measures such as use of a ‘dry pond’ 
were also applied.  
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2.3 RESULTS IN THE OCCUPIED BUILDING 

2.3.1 Building Commissioning 

It has been reported that commissioning of the building was carried out by the owner in 
coordination with the mechanical contractor’s hand-over process. However, details and 
documentation relating to this process were difficult to obtain, and there seems to be a lack of 
understanding about what this process involved. No commissioning documentation 
(commissioning report, commissioning plan, minutes, issues logs, progress reports, specific 
issues correspondence) could be produced for the BPE team to review. 

Building operations staff were involved in meetings during the design process. This can be 
considered an early component of commissioning wherein the owner’s requirements are 
defined. 

It appears that the owner’s commissioning process began at or around the time of system 
startup. The owner has very knowledgeable operators who have been able to address most of 
the commissioning issues by working with the project design and construction teams. However, 
it appears that the commissioning process only involved the mechanical systems. 

Although the practice was not yet developed when Building E was commissioned, use of a 
Commissioning Authority may have been beneficial for this project. A Commissioning Authority, 
employed by the owner, would have involvement early in the design process, and would 
oversee the multi-disciplinary commissioning team during commissioning. Also, it would have 
been helpful had the commissioning process encompassed three disciplines (architectural, 
electrical and mechanical) rather than mechanical alone. 

2.3.2 Building Operation 

The building operator uses his experience and knowledge of Building E’s design goals to 
operate the building. The building is operated so as to optimize occupant satisfaction by 
addressing their concerns, and also to minimize energy use. The operator makes use of the 
DDC system on a weekly basis to monitor building conditions. 

Aside from an adjustment to outdoor air reset schedules in the winter of 2004, no major 
adjustments have been made to the building operation since commissioning, only minor 
tweaking of temperature setpoints to suit occupant concerns. The reasons for some significant 
fluctuations in energy consumption between several years of operation (see Section 2.3.6) were 
not apparent to the operator. 

Building staff were initially trained in the concept of natural ventilation, and the building operator 
feels they are knowledgeable about the technology used in the building. However, all control 
and adjustments of the building systems are handled by the operator. Although the operator 
feels the building is successful at reducing energy consumption through use of the natural 
ventilation concept, there have been problems with the automatic control of the operable 
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windows. Some of the actuators on these windows have been repaired and some windows have 
been disabled according to the express wishes of occupants. 

When asked for suggestions about future building design, the operator recommended a greater 
involvement of facility and maintenance staff during the design and construction process. 

2.3.3 Disparity between Design and Occupied Building 

No major changes to the building have been made since building construction was completed in 
2001. Minor changes include the installation of a dedicated ventilation system for the 
mechanical room in April of 2005, and adjustments to outdoor air reset conditions in the winter 
of 2004. 

There is significant disparity, however, between the expected hours of operation during design 
and the actual hours of operation of Building E, the latter being much longer. There is also a 
large difference between the anticipated electricity use for equipment and computers in the 
building and the actual use, which is much higher. This also contributes to differences in the 
cooling demand within the building.  

In addition, there was a disparity between setpoint temperatures observed during the BPE 
period and those anticipated during design. Both transition spaces and regularly occupied 
spaces were observed to have lower setpoints than designed for summer conditions, which 
would lead to increased cooling energy consumption. 

These disparities have implications for comparing the energy consumption calculated during 
design and the actual energy consumption. This topic is described in Section 2.3.6. 

2.3.4 Occupant Satisfaction Survey  

The evaluation of Building E included use of the Center for the Built Environment (CBE) Indoor 
Environmental Survey, as discussed in Section 1.2.2. The survey was customized to include the 
CBE’s optional sections on washrooms, way-finding within the building, and way-finding for 
visitors. Specific building features included for evaluation by occupants were operable windows, 
floor coverings, and floor to floor access.  

The building was divided into four quadrants (NE, NW, SE, and SW). Occupants were asked to 
locate themselves in one of these quadrants, and also to specify which floor their workspace 
was located on, whether their work environment was open office, private office, or shared office. 
Together these responses allowed for significant sorting of results, and selection of areas in the 
building that had the most and least satisfactory ratings for lighting, acoustics, thermal comfort, 
and indoor air quality. 

Thirty-three people participated in the web-based occupant satisfaction survey, which was 14% 
of the invited responses. Since this process was carried out in August prior to the start of the 
regular school year, the occupant response rate was quite low, however there were enough 
responses for the survey results to be reported upon as the conditions of anonymity were met. 
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The majority of respondents (76%) had worked for 3-5 years in this building, and 36% of 
respondents spend more than 30 hours a week at their workstations. Seventy-three percent of 
respondents were male; 42% were over 30 years of age, and 53% described themselves as 
professional. As the survey was administered during the summer, the building was estimated at 
between 5-10% occupancy. 

 

Figure 1: Survey Results for Building E 
 

The above graph above shows the results generated from responses at Building E (diamond 
shapes), as well as results from the CBE’s pooled data from over 31,000 occupant responses in 
240 buildings (squares); this can be considered the average for office buildings.   

As can be seen from the graph, the building rated below average in categories such as 
workspace, thermal comfort, cleanliness, and lighting. Satisfaction with air quality and acoustics 
were higher than the average (although they both rated low compared to other aspects), as 
were satisfaction with office layout and office furnishings.  

It should be emphasized that since only 14% of the invited responses were obtained, compared 
to a target response rate of 50%, the survey responses should not be viewed as representative 
of the building occupants in general. In fact, it is conceivable that when offered the opportunity 
to complete the survey, occupants who were discontent with the building may have been more 
likely to take the time for this task than those who were satisfied with their experience in the 
building. 

Survey responses pertaining to the results of key design strategies are included in Section 2.3.5 
below. Results of the entire occupant survey can also be found in Appendix 3.2. 
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2.3.5 Results of Key Design Strategies 

The Building Performance Evaluation of Building E assessed the post-occupancy performance 
of each of the design strategies outlined in Section 2.2.2. Occupant satisfaction survey 
responses, operation experiences, and empirical measurements relating to each of these 
strategies are outlined below. 

Goal #1: Energy and Load Reduction 

The architectural design of Building E with shading and sawtooth elements to reduce solar loads 
surely contributed to reduced energy consumption within the building, based on the principles of 
solar shading design.  

The natural ventilation strategy encountered some operational difficulties however, which would 
have reduced its anticipated contribution to energy savings during the first few years of 
operation. The automatically operated windows had faulty motors and thus they did not open or 
close properly. Only 41% of survey respondents were satisfied with the operation of these 
windows. During the first year of occupancy, motors on many of the problematic windows were 
fixed. Several windows were disabled within the past year according to the express wishes of 
certain occupants, who were concerned about noise generated by the opening windows. 

The building’s solar chimneys, designed to promote stack effect and thus assist the natural 
ventilation strategy, were designed to be black in colour to increase the thermal gradient, but 
local designers had them painted yellow for aesthetic reasons. This difference may have 
resulted in a slightly less effective natural ventilation strategy, although the effect of this is 
difficult to isolate. 

Perceived excessive draughts through air transfers from the atrium to certain offices in the 
building resulted in some of these openings being blocked, compromising the effectiveness of 
the natural ventilation strategy and likely resulting in additional mechanical cooling. 

The summer temperature setpoints at the time of the Building Performance Evaluation were 
acknowledged by the building operator as being lower than standard; this would have the effect 
of increasing cooling energy consumption, and decreasing thermal comfort. 

The demand controlled ventilation strategy employed in the lecture theatres has a large 
potential for energy savings due to the ramping down of outdoor air volumes when the spaces 
are unoccupied. While it appears that this strategy is being used as designed, deviation from 
this design intent could lead to increased energy consumption as excess outdoor air volumes 
would be conditioned. 

The other energy conservation strategies included in the building design, such as preheating 
and precooling of outdoor air through underground passages, thermal mass, and underfloor 
displacement ventilation in lecture theatres, appear to effectively contribute to the energy 
conservation in the building. Since these strategies all operate in harmony, the energy 
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performance of any individual strategy cannot be analyzed independently; however there is no 
evidence that any of these strategies is not operating as intended. 

Detailed analysis of the energy consumption in Building E is found in Section 2.3.6.1. 

Regarding the intent of the designers to educate occupants of the building about the energy 
conservation features in the building, the strategies employed met with the following challenges. 
The real-time display of energy consumption in the building was apparently stolen and has not 
been replaced. The business-card-sized information sheets describing how to control the 
building’s thermal environment, which were distributed to the building’s original occupants, were 
not mentioned by occupants when asked about their knowledge of green features in the 
building. It is thus likely that these information sheets were not passed on to new occupants 
after the initial year of occupancy. 

Goal #2: Maximize Access to Daylight 

The design strategies employed to maximize daylighting in Building E effectively bring natural 
light into the majority of workspaces in the building. Occupants were highly satisfied with the 
lighting in the building, with 81% of survey respondents expressing satisfaction with light levels. 
While many occupants were pleased with the visual connection of spaces within the building, 
some respondents expressed privacy concerns related to the large glazed areas in their 
workspaces. Some survey respondents also expressed concern with glare. Given these 
concerns, it is surprising that the position of window blinds in workspaces was reportedly rarely 
altered by occupants on the sunny day during which measurements were taken. 

On the day of sampling, lighting levels were within benchmark ranges in almost all spaces 
assessed, due to the large amount of natural light. In several spaces, light levels were 
considerably higher than benchmarks, and glare was present. On the day of measurement, the 
position of blinds in most workspaces was unchanged throughout the day, even when 
conditions of glare existed.  

Lighting data from the day of measurement may be found in Appendix 3.3.4. It is important to 
note that these “snapshot” samples do not definitively describe the overall lighting performance 
in the building. 

According to the operator, the motors operating the shading louvers in the large lecture theatre 
to control daylighting were under-designed and performed poorly; the louvers were closed and 
disabled. 

Goal #3: Achieve adequate thermal comfort with larger temperature ranges in transition spaces 

Although larger temperature ranges for transition spaces were agreed upon by the owner and a 
prospective occupant group during the design process, actual setpoints observed during the 
BPE period were not as relaxed as planned. During the hot summer day on which thermal 
measurements were taken, for instance, temperature setpoints in corridors were between 
23 - 24°C instead of the designed 26°C. Senior operations staff indicated they were aware of the 
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design intent for relaxed temperatures in these spaces, and surmised that occupant complaints 
led the operator to adjust the temperature setpoints to a narrower range, however it is also 
possible that standard settings were used by the operator. 

Temperature setpoints in regularly occupied spaces on the day of sampling were also quite low 
for summer, with many spaces set to cool to 21.5 - 22°C. These surprisingly low summer 
setpoint temperatures contribute to the high cooling energy consumption discussed in section 
2.3.6.1.  

Thermal data from the day of measurement is found in Appendix 3.3.2. It is important to note 
that these “snapshot” samples do not definitively describe the overall thermal conditions in the 
building. 

In regards to occupant satisfaction with thermal comfort in Building E, 51% of survey 
respondents expressed satisfaction with temperatures in their workspaces, as compared to a 
CBE database average of 58%. Cold temperatures were stated as a concern for occupants both 
in summer and winter, which is not surprising given the low setpoints mentioned above. 
According to operations staff at the University, however, there are fewer temperature-related 
complaints in Building E than in many other buildings on the campus.  

Goal #4: Create High-Quality Acoustic Environment 

In most spaces in the building where acoustic measurements were taken, noise levels were 
within benchmark ranges. The biggest acoustic challenge in Building E was noise propagation 
between spaces. Hard surfaces in the hallways and atria also led to acoustic concerns such as 
increased reverberation times in these spaces.  

The acoustically treated air transfer openings between the offices and the corridors did succeed 
in mitigating noise propagation to some extent, but the targeted levels of noise isolation for 
these scenarios were not met. This is likely due not only to noise transfer through the natural 
ventilation openings but also to noise transfer through gaps around doors. It is important to note 
that many buildings, green and non-green, do not achieve these targeted noise isolation levels.  

Occupant survey responses relating to acoustics indicated that 64% of respondents were 
satisfied with acoustics in Building E. Compared to the CBE database average of 62% 
satisfaction with acoustics for all buildings in the database, Building E is rated slightly better 
than the average.  

Goal #5: Optimize Indoor Air Quality 

On the whole, occupants of Building E appear satisfied with air quality in the building, with 71% 
of survey respondents expressing satisfaction as compared to the CBE database average of 
67%. This speaks well of the mechanical ventilation strategy in which air is supplied to offices 
via the atrium. The optimization of air quality in natural ventilation mode is hindered somewhat 
by operational challenge with the operable windows and by the fact that several air transfer 
openings have been blocked by occupants to avoid draughts.  
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On the day air quality measurements were made, most areas of the building had air quality well 
within benchmark ranges, with CO2 levels being very low in all locations. A few locations had 
volatile organic compounds (VOCs) and ultrafine particulates (caused by smoke or vehicle 
exhaust) in higher concentrations than the norms during the morning of measurement, likely due 
to outdoor air conditions when operable windows were open.  

Indoor air quality data from the day of measurement is found in Appendix 3.3.1. It is important to 
note that these “snapshot” samples do not definitively describe the overall air quality in the 
building on an annual basis. 

 

2.3.6 Resource Use Analysis 

2.3.6.1 Energy Use 

An energy model for the Canadian Building Incentive Program (CBIP) was produced during 
design of Building E, and results of this model were compared to a benchmark building meeting 
the Model National Energy Code for Buildings (MNECB). Based on this model, the predicted 
energy use of the building was 38% lower than the MNECB baseline, at 204 kWh/m2/year. It is 
important to note that for CBIP analysis, use of standardized schedules of operation and 
equipment loads is the common procedure, and also that the selection of systems is somewhat 
limited, so CBIP model results should usually not be viewed as accurate predictions of a 
building’s actual energy performance. Instead, they provide a comparison between the designed 
and baseline building based on a standard set of conditions. 

Annual energy consumption values for cooling, electricity, and steam were provided by the 
owner for the building, and were compared to the CBIP model results.  

It was noted by the BPE team that cooling energy consumption in the building was much higher 
than predicted. This observation is consistent with the low summer temperature setpoints 
discussed in Section 2.3.5, the larger amounts of computer related heat-producing equipment in 
the building than modeled, and the fact that cooling energy is also used for dehumidification in 
Building E. It is also likely that if operable windows and air transfer openings are not functioning 
as designed, excess cooling energy may required during shoulder seasons to take the place of 
the natural ventilation strategy. 

As can be seen in Figure 2, energy data obtained from three consecutive years show some 
inconsistencies related to steam and cooling energy. The building operator noted that some 
adjustments were made to outdoor air reset values in the winter of 2004, which could explain a 
portion of this. Electricity (non-cooling) use was relatively consistent over the months and years 
assessed.  

Detailed energy consumption data for Building E is found in Appendix 3.4.1.  



Building Performance Evaluation – Building E 

 E-19  

Building E Annual Energy Consumption (kWh/m2)

-

50

100

150

200

250

300

350

2003 2004 2005

Year

kW
h/

m
2 Electricity

Steam
Cooling

 

Figure 2: Annual energy consumption per square metre for Building E by year 

For the purposes of comparison with predicted energy values, only data from the years 2003 
and 2005 has been used, filtering out the year 2004 where there appear to have been some 
operational anomalies with building heating. Table 2 below indicates the elements in the energy 
model that were significantly different from actual building operation as observed during the 
Building Performance Evaluation. This Table is intended to reconcile differences in building use 
between modeled and actual conditions, without re-simulating the energy consumption of the 
building, which is outside the scope of the Building Performance Evaluation. In some cases, 
order of magnitude estimates are made of the effect of incorporating actual conditions into the 
modeled results. It must be stressed that these estimates are based on review of the energy 
model results but that no modeling was performed to confirm these estimates; as such they are 
“order of magnitude” only. 

In terms of building use, the actual hours of operation are much longer than anticipated during 
design, and computer loads are much higher than simulated in the energy model.  

Operational differences are also addressed in the Table. Lower cooling setpoints and less 
relaxed temperature ranges in transition areas than what was designed have a significant effect 
on energy consumption, as do challenges with natural ventilation effectiveness due to disabling 
of certain windows and air transfer openings.  

Other factors that may play a minor part in the difference between modeled and actual results 
include climate variations and the margin of error associated with the limitations of the CBIP 
modeling software. 
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Table 2: Reconciling of energy model results to actual building conditions 

Building Use  Design Assumptions Actual Conditions 
Effect of actual conditions 
on energy model results 

Hours of 
Operation 

70 hours per week 
(average for all 
spaces) 

112 hours per week 
(7am – 11pm seven 
days per week) 

Large energy increase 
(~50%, order of magnitude) 

Equipment 
Loads 

Low equipment loads 
(0.33 W/ft2) 

High computer loads in 
labs and offices  (>1.5 
W/ft2) 

Significant energy increase 
(~10%, order of magnitude)  

Building 
Operation 

Energy Model Actual Conditions 
Effect of actual conditions 
on energy model results 

Temperature 
Setpoints 

Standard temperature 
setpoints, wider range 
in transition areas 

Lower cooling setpoints 
than standard; narrower 
temperature range in 
transition spaces 

Significant cooling energy 
increase 

Natural 
ventilation 
strategy 

Operable windows, air 
transfer openings 

Disabling of some 
windows and air transfer 
openings 

Significant energy increase 

Other Factors  
Effect of actual conditions 
on energy model results 

Climate 
variations 

Climate variability during years of measurement 
compared to statistically averaged weather file 
used in model 

Minor energy 
increase/decrease 

Modeling 
Software 

Margin of error associated with software’s limited 
system selection 

Minor energy 
increase/decrease 

Results 
Energy Model Actual Conditions 

Effect of actual conditions 
on energy model results 

Annual Energy 
Consumption 

204 kWh/m2/year 439 kWh/m2/year 

 

The above changes could 
result in actual and modeled 
results being within a 
reasonable range. 

 
From Table 2, it is apparent that with energy model results reconciled to actual building use and 
operating conditions, model results and actual energy consumption figures would be within a 
reasonable range. More precise information regarding the comparison of actual and modeled 
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energy use would be obtained through additional modelling, however this is outside the scope of 
the BPE. 

According to the Commercial and Institutional Building Energy Use Survey of 2000 (CIBEUS)1, 
average energy consumption for existing office buildings in Ontario is 719 kWh/m2/year. Using 
this provincial average as a baseline, Building E achieves a 39% energy savings. Indeed, it is 
important to stress that although operational differences have led to increased energy 
consumption over the predicted levels, the building is still performing very efficiently compared 
to average buildings of this type. 

2.3.6.2 Water Use 
 
Although water conservation was not one of the major goals for this project, the fixtures selected 
were considered at the time of design to be quite low flow. However, these fixtures are now 
considered fairly standard. Installed fixtures are 6.0 L/flush toilets, 2.0 gpm faucets, and 3.8 
L/flush urinals. There are no showers in the building. 

Eighty-four percent of respondents to the occupant satisfaction survey reported that they were 
satisfied with the washroom fixtures in Building E. 

The water consumption data provided by the owner is relatively consistent over the three years 
of occupancy, with the exception of a couple of unexplained springtime spikes in water 
consumption. Average annual water consumption for the three years assessed was roughly 
6,157,000 L/year. Based on the assumed occupancy outlined in Appendix 3.4.2, this was 
calculated to be 24 L per full-time occupant per day. This compares very favorably with the 
American Society of Plumbing Engineers (ASPE) baseline estimated water requirement of 
76 L/occupant/day (20 gallons per capita per day).2 This baseline estimate is known to be 
conservative, but is based on meter readings from existing buildings. The absence of showers 
in Building E is part of the reason for the low water consumption in the building. 

Water consumption data for Building E is found in Appendix 3.4.2. 

 

2.4 DESIGN LESSONS LEARNED 

The final stage of the Building Performance Evaluation was a wrap-up meeting with the design 
team, during which the post-occupancy results of the key design strategies were discussed. 
What follows are the design lessons expressed by design team members based on these 
results. Where no lesson was explicitly stated by designers relating to a significant result, 
lessons felt to be apparent to the Building Performance Evaluation team were deduced. 

 

                                                 
1 Commercial and Institutional Building Energy Use Survey 2000, December 2002, conducted by Statistics Canada 
on behalf of the Office of Energy Efficiency of National Resources Canada. 
2 Steele, Alfred. Advanced Plumbing Technology. Elmhurst: Construction Industry Press, 1984, p 155. 



Building Performance Evaluation – Building E 

E-22  

Goal #1: Energy and Load Reduction 

The most important lesson learned by the designers of Building E from the building performance 
evaluation results pertain to the relationship between designers and building operations staff. 
The design team collectively felt that many of the designed energy conservation strategies met 
with operation and maintenance challenges that compromised their effectiveness. Designers felt 
that longer periods of interaction between designers and operators post-occupancy would 
ensure adequate communication of design principles so that the building would be operated 
continually as intended during design. Discussion centered on building a budget into projects for 
post-occupancy interaction with building operators, and ensuring that designers receive energy 
consumption data for the first several years of building occupancy. For Building E, the design 
team felt that more involvement from them during the first few years of occupancy would have 
helped to keep energy consumption closer to the targets. 

Also, a lesson was learned by the primary design team, who worked in a different province from 
where the building was constructed, about the importance of thorough communication of design 
strategies to the local designer contacts. This communication is essential to ensure design 
targets are fully adhered to in the construction of the building. 

Another important lesson was learned from the BPE results about occupant education. While 
the strategies used to inform Building E occupants about sustainable features and occupant 
control of the building were carefully thought out and implemented, they appear not to have 
survived occupant turnover. The lesson to designers was that information provided to initial 
occupants will likely not be passed on to future occupants without a formalized educational 
procedure carried out by the owner. 

Goal #2: Maximize Access to Daylight 

On the whole, the strategies implemented to maximize daylight in the building were successful 
and enjoyed by occupants. One lesson evident from the performance of Building E’s daylighting 
strategies relates to the use of blinds to control excessive light levels and glare. Based on 
observations during the BPE, it appears that many occupants in the building may not be in the 
habit of altering the position of their blinds to control glare. This is mainly a motivation issue for 
occupants, but it is possible that a simple education program could assist in reminding 
occupants about their control over the illumination levels in their workspace. 

Greater potential for achieving energy savings using the daylighting strategies in the building 
would exist if daylight sensors were used to control electric lighting in response to natural light. 
This would also likely resolve some of the problem of over-illumination. 

Goal #3: Achieve adequate thermal comfort with larger temperature ranges in transition spaces 

The main lesson to designers in relation to this strategy dealt again with occupant education 
and information transfer. The agreement reached with the owner and a prospective occupant 
group to use larger temperature ranges in transition spaces did not appear to transfer to the 
current occupants of the building. It is important for occupants to be aware of the sustainable 
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implications of broadening the allowable temperature range in transition spaces, so that their 
thermal comfort expectations can adjust to this awareness. A formalized educational procedure 
carried out by the owner would make new occupants aware of this strategy. 

Although the transition spaces are conditioned to more moderate setpoints than the regularly 
occupied spaces in the building, they are not as moderate as agreed upon during design. This 
indicates the importance of increased interaction between designers and operators post-
occupancy, to ensure that this principle of building operation is adequately communicated. 
Involvement of operations staff during design is equally important, to allow for operator input into 
the selection of appropriate energy conservation strategies during design. 

Goal #4: Create High-Quality Acoustic Environment 

The lesson for the design team relating to this goal was that although the acoustically treated air 
transfer openings designed for the building succeeded in mitigating sound transfer to some 
extent, additional acoustic treatment is needed in buildings with natural ventilation openings and 
containing large areas of hard surfaces. The issue of acoustics in green buildings is presently 
being analyzed in great detail in the design community, with effective and economical methods 
of improvement being sought. It is important to note that despite challenges with noise 
propagation or reverberation in certain areas, Building E was rated higher than average by 
survey respondents in this category. 

Goal #5: Optimize Indoor Air Quality 

The lesson for the design team relating to air quality was that the building’s systems, both 
natural ventilation and mechanical ventilation, were effective in keeping air quality levels within 
benchmark ranges. In natural ventilation mode, indoor air quality is dependent on adequate 
outside air quality as it enters through open windows without undergoing filtration. 

 
The Building Performance Evaluation matrix in Appendix 3.1 summarizes the key design goals 
for Building E, the strategies implemented to achieve these goals, and the results of these 
strategies found during the BPE. 
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3.0 Appendices 

3.1 BUILDING PERFORMANCE EVALUATION MATRIX 

 



Table 1: Building Performance Evaluation Matrix for Building E

Sustainable Sites
Stormwater 

management

Reduce stormwater 

runoff
- Partial green roof - - - - - - -

Water Efficiency
Domestic water 

consumption
 - 

Approximately 

meeting LEED 

baseline calculations

Toilets considered low flow at 

the time of design, now 

considered standard

Standard flow 

fixtures
 - 

24 L/occupant/day 

[based on full-time 

occupants + 1/2 

transient 

occupants]

76 L/occupant/day                

[ASPE standard 

water use estimate]

-

84% of respondents 

satisfied with washroom 

fixtures in the building

 -  - 

Sawtooth east and west 

façades; overhang on south to 

optimize daylighting and solar 

shading

 - - -

Strategic placement of high-

load spaces; placement of 

offices to maximize daylighting

 - - -

Exposed thermal mass in 

building structure
- -

Energy savings are expected 

due to thermal storage effect in 

massive building structures, 

however exposed hard 

surfaces also pose acoustical 

challenges.

Underfloor air displacement 

ventilation
Ceiling air supply - -

Earth tube for preheating and 

precooling of ventilation air 

(outdoor air flows through 

underground tunnel)

-

Effectiveness of this strategy was not 

known during design, whereas it can 

now be modelled in detail.

- -

Natural ventilation in shoulder 

seasons: operable windows 

automated based on weather, 

solar chimneys and air transfer 

grilles

-

Operations issue with motors on 

operable windows was remediated, 

however several occupants 

requested their windows be 

permanently closed.                                                     

Solar chimney colour was designed 

to assist natural ventilation, but was 

painted another colour for aesthetic 

reasons.

41% of respondents 

satisfied with operable 

windows; issue of 

automated windows 

opening at inappropriate 

times a concern

Acoustic challenge of noise 

propagation through air transfer 

openings, despite acoustical 

treatment of many of these 

openings.

Relaxed temperature bands in 

transition spaces, 18°C - 26°C

Typical setpoints of 

21°C in winter, 23°C 

in summer

Although wider temperature bands 

were agreed upon during design, 

temperature setpoints are not as 

relaxed in actual operation.                            

51% of respondents 

satisfied with 

temperatures, CBE 

database average is 58% 

satisfaction with 

temperatures; cold 

temperatures a concern 

both in summer and winter

Relaxed temperature bands 

allowed for significantly smaller 

mechanical systems and less 

energy use, but require 

occupants to change attitudes 

about thermal comfort

Occupant education about 

energy use and occupant 

control

-

Real-time display showing energy 

consumption compared to a standard 

building was stolen from building.                                                                 

Business cards describing how to 

thermally control the building were 

distributed to original occupants.

- -

Information provided to initial 

occupants may not be passed on to 

future occupants without a formalized 

educational procedure carried out by 

the owner.

Materials and 

Resources
Recycled Content

Recycled content in 

building materials
- Use of fly-ash concrete - - - -  - - -

See Daylighting section below -

Use of T-8 lighting
Use of T-12 lighting 

standart at the time

Indoor 

Environmental 

Quality

 - 

Illuminance levels of 

200 - 500 lux based 

on tasks

 - 

81% of respondents 

satisfied with lighting, CBE 

database average is 85% 

satisfaction with lighting; 

glare a concern

No daylight sensors were 

employed in the building; 

sensors would automatically 

control electric lighting in 

response to natural light levels, 

ensuring maximum energy 

savings.

Maximize daylighting 

and reduce electric 

lighting energy

- -

"Snapshot" 

measurements of 

lighting conditions 

indicate excursions 

in certain areas, 

over-illumination 

and glare present

Building Performance Evaluation pilot 

study did not directly evaluate this 

topic

LEED CATEGORY
MEASURED 

VALUES

Energy 

consumption

Energy and load 

reduction - goal of 

50% energy savings 

over ASHRAE 90.1-

1989        

 - 

STRATEGY
STANDARD 

PRACTICE GOAL

STANDARD 

PRACTICE 

STRATEGY

PREDICTED 

VALUES

Energy and 

Atmosphere

OCCUPANT 

SATISFACTION 

SURVEY

Equipment loads considerably higher 

in actual operation than in energy 

model.                                                           

Hours of occupancy considerably 

longer in actual operation than in 

energy model.                                                            

Actual setpoints observed during 

BPE were less relaxed than planned 

during design.

Actual use of the building may differ 

from design criteria expressed by 

owner during design, affecting 

accuracy of energy predictions.              

These energy savings strategies 

appear to be operating as intended and 

certainly contribute to energy savings 

in the building. However, the individual 

contribution of each of these strategies 

cannot be separated from the whole 

building's energy performance.

Establish longer period of relationship 

between designers and operators post-

occupancy, for adequate 

communication transfer of design 

principles.                                                                              

Occupant education about design 

decisions relating to sustainability, 

such as the decision to use more 

relaxed temperature bands, should be 

carried out through a formalized 

education procedure by the owner, 

particularly in buildings with high 

occupant turnover.

COMPONENT

Energy intensity of 

719 kWh/m
2
/year              

[CIBEUS, Office 

Buildings, Ontario]

Building Performance Evaluation pilot 

study did not directly evaluate this 

topic

GOAL DESIGN LESSONS LEARNED 

38% below MNECB 

based on energy 

model

Average energy 

intensity of            

439 kWh/m
2
/year 

for two years 

assessed           

TRADEOFFS OR 

SYNERGIES 

COMMENTS / DIFFERENCES 

BETWEEN DESIGN AND 

OCCUPIED BUILDING

BENCHMARKS

Lighting



Table 1: Building Performance Evaluation Matrix for Building E

LEED CATEGORY
MEASURED 

VALUES
STRATEGY

STANDARD 

PRACTICE GOAL

STANDARD 

PRACTICE 

STRATEGY

PREDICTED 

VALUES

OCCUPANT 

SATISFACTION 

SURVEY

COMPONENT

Building Performance Evaluation pilot 

GOAL DESIGN LESSONS LEARNED 
TRADEOFFS OR 

SYNERGIES 

COMMENTS / DIFFERENCES 

BETWEEN DESIGN AND 

OCCUPIED BUILDING

BENCHMARKS

Operable windows Sealed windows -

Operations issue with motors on 

operable windows was remediated, 

however several occupants 

requested their windows be 

permanently closed.                               

41% of respondents 

satisfied with operable 

windows; issue of 

automated windows 

opening at inappropriate 

times a concern

 - 

Air supplied through atria via 

air transfers to offices

Perceived cold draughts through air 

transfers caused some of them to be 

blocked by occupants.                                         

Solar chimney colour was designed 

to assist natural ventilation, but was 

painted another colour for aesthetic 

reasons.                                                                     

Acoustic challenge of noise 

propagation through air transfer 

openings, despite acoustical 

treatment of many of these 

openings.

Achieve adequate 

thermal comfort with 

larger temperature 

ranges in transition 

spaces

-
Relaxed temperature bands in 

transition spaces, 18°C - 26°C

Typical setpoints of 

21°C in winter, 23°C 

in summer

-

Although wider temperature bands 

were agreed upon during design, 

temperature setpoints are not as 

relaxed in actual operation.

Relaxed temperature bands 

allowed for significantly smaller 

mechanical systems and less 

energy use, but require 

occupants to change attitudes 

about thermal comfort

Large glazed areas - -

Central atria for added daylight 

penetration
- -

Daylighting in lecture theatre
Absence of daylight 

in lecture theatres
-

Motors on movable shading louvers 

in theatre stopped functioning, 

louvers were closed and disabled.

Displacement ventilation
Air supplied at 

ceiling
-

Energy savings are anticipated 

with this strategy. 

100% outdoor air system

Meet minimum 

ventilation air code 

requirements

-

More energy consumption is 

anticipated when outdoor air 

flows exceed minimum 

requirements, however earth 

tube preheating/precooling may 

mitigate this effect.

Natural ventilation in shoulder 

seasons
-

Some air transfer openings were 

blocked shut by occupants, 

automatically opening operable a 

few windows were disabled due to 

operational problems. Natural 

ventilation relies on outdoor air 

quality being appropriate.                                          

Energy savings are expected 

with the natural ventilation 

strategy. 

Design of air transfer openings 

between offices and corridors 

to achieve noise isolation

- -

Acoustically treated ductwork - -

Design Process
Integrated Design 

Process

Integrated design 

process

Traditional design 

process

Regular meetings of entire 

design team to make design 

decisions

Segregation of 

design tasks and 

decisions between 

disciplines

- - -

As this building was designed 

remotely, coordination with a local 

design team was carried out, but 

some gaps in communication arose.

-

Building was completed within 

a traditional budget, and on 

time, with no cuts to green 

features.

Green buildings can be built within a 

conventional budget and timeline.

* Occupant Satisfaction Survey achieved a response rate of 14%, whereas 50% was targeted. See text for discussion on significance of results.

Indoor 

Environmental 

Quality (cont'd)

Both natural ventilation and underfloor 

air displacement ventilation systems 

were effective in keeping air quality 

levels within benchmark ranges. In 

natural ventilation mode, indoor air 

quality is dependent on adequate 

outside air quality as it enters through 

open windows without undergoing 

filtration.

Occupants may choose not to use the 

blinds afforded them to control light 

levels. Investigate inclusion of this 

issue in future occupant education 

programs.

Thermal Comfort

"Snapshot" 

measurements of 

thermal conditions 

on a sunny August 

day indicated most 

temperatures in the 

range of 22°C-

24°C. 

Temperatures in 

transition spaces 

were not as 

relaxed as 

designed

Typical air 

temperature 

setpoints of 21°C in 

winter, 23°C in 

summer

71% of respondents 

satisfied with air quality, 

CBE database average is 

67% satisfaction with air 

quality

Air quality 

measurements of 

CO2:600-1000ppm 

VOC < 300ppb                        

ultrafine partic: 0.2

Large windows are effective for 

daylighting but also lead to 

increased heating and cooling 

loads.                                                                  

Some privacy concerns were 

expressed relating to the large 

amounts of internal glazing, 

while many occupants enjoyed 

the visual connection of 

spaces.

Establish longer period of relationship 

between designers and operators post-

occupancy, for adequate 

communication transfer of design 

principles.                                                                              

Occupant education about design 

decisions relating to sustainability, 

such as the decision to use more 

relaxed temperature bands, should be 

carried out through a formalized 

education procedure by the owner, 

particularly in buildings with high 

occupant turnover.

Maximize daylighting  -

"Snapshot" 

measurements of 

lighting conditions 

indicate excursions 

in certain areas, 

over-illumination 

and glare present

Illuminance levels of 

200 - 500 lux based 

on tasks

Blinds were included in the building 

design, but were reportedly rarely 

used by occupants during the BPE 

period.

81% of respondents 

satisfied with lighting, CBE 

database average is 85% 

satisfaction with lighting; 

glare a concern

Achieve thermal 

comfort via natural 

ventilation in shoulder 

seasons

Full mechanical 

heating and cooling 

year-round

51% of respondents 

satisfied with 

temperatures, CBE 

database average is 58% 

satisfaction with 

temperatures; cold 

temperatures a concern 

both in summer and winter

Daylight and Views

Create high quality 

acoustic environment
 - 

"Snapshot" 

acoustic 

measurements 

indicated some 

excursions, 

particularly with 

noise propagation

Indoor air quality
Optimize indoor air 

quality
- -

"Snapshot" 

measurements of 

air quality indicate 

most areas were 

within benchmark 

ranges, some 

areas had high 

VOC and ultrafine 

particulate 

concentrations in 

the morning on day 

of measurement; 

CO2 levels were 

low

Reduction in noise propagation through 

acoustically treated air transfer 

openings was successful to some 

extent but did not achieve targeted 

levels of noise isolation. However, 

targeted noise isolation levels are 

seldom met in buildings.  Despite 

acoustical challenges, occupant 

satisfaction with acoustics scored 

higher than the database average.

Acoustic quality  - 

Acoustic 

measurements of 

NC30-40 dB        

RT<0.75 s                   

SII:0.2-0.7           

NIC30-40 dB

64% of respondents 

satisfied with acoustics, 

CBE database average is 

62% satisfaction with 

acoustics

Hard surfaces lead to increased 

reverberation in some areas, noise 

propagation through air transfer 

openings is a concern despite 

acoustical treatment of many 

openings. 
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3.2 OCCUPANT SATISFACTION SURVEY RESULTS 

 



http://www.cbesurvey.org/CBESurvey/Common/Common021/reporting...

1 of 1 8/21/2006 11:20 AM

Summary



Background 

1.1) How many years have you worked in this building? 

1.2) How long have you been working at your present workspace? 

1.3) In a typical week, how many hours do you spend in your workspace? 

1.4) How would you describe the work you do? ("N" for this question is calculated 

based on the number of users who answered the question.) 

 

Less than 1 year

1-2 years

3-5 years

More than 5 years

 

 

Less than 3 month...

4-6 months

7-12 months

More than 1 year

 

 

10 or less

11-30

More than 30

 

 

Administrative su...

Technical
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1.5) What is your age? 

1.6) What is your gender? 

Professional

Managerial/superv...

Other:

 

 

30 or under

31-50

Over 50

 

 

Female

Male
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Personal Workspace Location 

2.1) On which floor is your workspace located? 

2.2) Based on the drawing below, in which zone of the building is your workspace 
located? 

2.3) To which direction do the windows closest to your workspace face? 

2.4) Are you near an exterior wall (within 15 feet)? 

 

Basement

1st floor

2nd floor

3rd floor

 

 

Northwest

Northeast

Southwest

Southeast

 

 

North

East

South

West

No windows

Don´t Know
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2.4) Are you near an exterior wall (within 15 feet)? 

2.5) Are you near a window (within 15 feet)? 

 

Yes

No

 

 

Yes

No

 

Page 2 of 2Survey Report

8/22/2006http://www.cbesurvey.org/CBESurvey/Common/Common021/reporting/show_report.asp?...



Personal Workspace Description 

3.1) Which of the following best describes your personal workspace? 

 

Enclosed office, ...

Enclosed office, ...

Cubicles with hig...

Cubicles with low...

Workspace in open...

Other: 
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Office Layout 

4.1) How satisfied are you with the amount of space available for individual work and storage? 

4.2) How satisfied are you with the level of visual privacy? 

4.3) How satisfied are you with ease of interaction with co-workers? 
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4.4) Overall, does the office layout enhance or interfere with your ability to get your job done? 

4.5) You have said that you are dissatisfied with the amount of space available for indiv

contribute to your dissatisfaction? ("N" for this question is calculated based on the num

4.6) You have said that you are dissatisfied with the level of visual privacy. Which of th

("N" for this question is calculated based on the number of users who answered the question.)

 

Amount of work su...

Total area of wor...

Available filing ...

Available space f...

Space for meeting...

Other:

 

 

High density--too...

Partitions or wal...

People can easily...
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4.7) You have said that you are dissatisfied with the ease of interaction with co-worker

dissatisfaction? ("N" for this question is calculated based on the number of users who answered the question.)

 

 

My work station i...

My work station i...

Conversations are...

There are no spac...

There are few org...

Other:
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Office Furnishings 

8.1) How satisfied are you with the comfort of your office furnishings (chair, desk, 

computer, equipment, etc.)? 

8.2) How satisfied are you with your ability to adjust your furniture to meet your 

needs? 

8.3) How satisfied are you with the colors and textures of flooring, furniture and 

surface finishes? 
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8.4) Do your office furnishings enhance or interfere with your ability to get your job 

done? 
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Thermal Comfort 

9.1) Which of the following do you personally adjust or control in your workspace? ("N"

number of users who answered the question.) 

9.2) How satisfied are you with the temperature in your workspace? 

 

Window blinds or ...

Operable window

Thermostat

Portable heater

Permanent heater

Room air-conditio...

Portable fan

Ceiling fan

Adjustable air ve...

Adjustable floor ...

Door to interior ...

Door to exterior ...

None of the above

Other:
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9.3) Overall, does your thermal comfort in your workspace enhance or interfere with your ability to get your job done? 

9.4) In warm/hot weather, the temperature in my workspace is: ("N" for this question 

answered the question.) 

9.5) In cool/cold weather, the temperature in my workspace is: ("N" for this question i

answered the question.) 

9.6) When is this most often a problem? ("N" for this question is calculated based on th

 

Often too hot

Often too cold

 

 

Often too hot

Often too cold

 

 

Morning (before 1...

Mid-day (11am - 2...
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9.7) How would you best describe the source of this discomfort? ("N" for this question 

answered the question.) 

Evening (after 5p...

Weekends/holidays

Monday mornings

No particular tim...

Other:

 

 

Humidity too high...

Humidity too low ...

Air movement too ...

Air movement too ...

Incoming sun

Hot/cold surround...

Heat from office ...

Drafts from windo...

Drafts from vents

My area is hotter...

Thermostat is ina...

Thermostat is adj...

Heating/cooling s...

Clothing policy i...

Other:
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Air Quality 

11.1) How satisfied are you with the air quality in your workspace (i.e. stuffy/stale air, cleanliness, odors)? 

11.2) Overall, does the air quality in your workspace enhance or interfere with your ability to get your job done? 

11.3) Air is stuffy/stale 
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11.4) Air is not clean 

11.5) Air smells bad (odors) 

11.6) If there is an odor problem, which of the following contribute to this problem? ("N

number of users who answered the question.) 

 

Tobacco smoke

Photocopiers

Printers

Food

Carpet or furnitu...

Other people
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Cleaning products

Outside sources (...

Other:
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Lighting 

13.1) Which of the following controls do you have over the lighting in your workspace? 

number of users who answered the question.) 

13.2) How satisfied are you with the amount of light in your workspace? 

13.3) How satisfied are you with the visual comfort of the lighting (e.g., glare, reflections, contrast)? 

 

Light switch

Dimmer switch

Window blinds or ...

Desk (task) light

None of the above

Other:
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13.4) How satisfied are you with the distribution of light in your workspace? 

13.5) How satisfied are you with the amount of daylight in your workspace? 

13.6) Overall, does the lighting quality enhance or interfere with your ability to get your job done? 
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13.7) You have said that you are dissatisfied with the lighting in your workspace. Which

dissatisfaction? ("N" for this question is calculated based on the number of users who answered the question.)

 

too dark

too bright

not enough daylig...

too much daylight

Not enough electr...

Too much electric...

Electric lighting...

Electric lighting...

no task lighting

Reflections in th...

Shadows on the wo...

No control over s...

Other:
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Acoustic Quality 

15.1) How satisfied are you with the noise level in your workspace? 

15.2) How satisfied are you with the sound privacy in your workspace (ability to have 

conversations without your neighbors overhearing and vice versa)? 

15.3) Overall, does the acoustic quality in your workspace enhance or interfere with 

your ability to get your job done? 
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15.4) You have said you are dissatisfied with the acoustics in your workspace. Which 

of the following contribute to this problem? ("N" for this question is calculated based 

on the number of users who answered the question.) 

 

People talking on...

People talking in...

People overhearin...

Office equipment ...

Office lighting n...

telephones ringin...

Mechanical (heati...

Excessive echoing...

outdoor traffic n...

Other outdoor noi...

Other:
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Finding Your Way 

17.1) How easy is it for you to find your way around inside the building? 

17.2) How easy is it for visitors to find the building and locate the entrance? 

17.3) How easy is it for visitors to find what they need in the building? 
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17.4) You have indicated that it is not easy to find your way around inside the 

building. Which of the following contribute to this problem? ("N" for this question is 

calculated based on the number of users who answered the question.) 

17.5) You have indicated that it is difficult for visitors to find the building and locate 

the entrance. Which of the following contribute to this problem? ("N" for this question 

is calculated based on the number of users who answered the question.) 

17.6) You have indicated that it is not easy for visitors to find what they need in the 

building. Which of the following contribute to this problem? ("N" for this question is 

calculated based on the number of users who answered the question.) 

 

Building circulat...

Signage is inadeq...

Layout of offices...

Other:

 

 

The building numb...

The building entr...

Other:

 

 

Signage in the ma...

Elevators and/or ...

Elevator lobbies ...

Other:
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Finding Things in the Building 

18.1) You have indicated that it is not easy to find your way around inside the 

building. Which of the following contribute to this problem? ("N" for this question is 

calculated based on the number of users who answered the question.) 

 

Building circulat...

Signage is inadeq...

Layout of offices...

Other:
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Visitor Wayfinding 

20.1) You have indicated that it is not easy for visitors to find what they need in the 

building. Which of the following contribute to this problem? ("N" for this question is 

calculated based on the number of users who answered the question.) 

 

Signage in the ma...

Elevators and/or ...

Elevator lobbies ...

Other:
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Cleanliness and Maintenance 

21.1) How satisfied are you with general cleanliness of the overall building? 

21.2) How satisfied are you with cleaning service provided for your workspace? 

21.3) How satisfied are you with general maintenance of the building? 
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21.4) How satisfied are you with maintenance service provided in response to problems? 

21.5) Does the cleanliness and maintenance of this building enhance or interfere with your ability to get your job done? 

21.6) You have told us that you are dissatisfied with the cleaning service provided for y
significant problems? 

 

Always

Often

Sometimes

Rarely

Never

Don´t know/No opi...
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21.7) Which of the following contribute to this dissatisfaction? ("N" for this question is 
answered the question.) 

 

 

Surface dust on w...

Surface dust on o...

Surface dust on s...

Spills and debris

Dirty floors

Trash cans are no...

Trash cans get to...

Trash cans are a ...

Other:
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Washrooms 

23.1) How often do you use the washrooms in your building? 

23.2) How satisfied are you with the fixtures (sinks, toilets, urinals) in the washrooms in your building? 

23.3) How satisfied are you with the cleanliness of the washrooms in your building? 

23.4) How satisfied are you with the air quality in the washrooms in your building? 

 

Daily

Once or twice a w...

Once or twice a m...

Never
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23.4) How satisfied are you with the air quality in the washrooms in your building? 

23.5) Overall, how satisfied are you with the washrooms in your building? 

23.6) You have said that you are dissatisfied with the washrooms in your building. Whi
dissatisfaction? ("N" for this question is calculated based on the number of users who answered the question.)

 

Washroom location...

Washrooms are not...

Washrooms frequen...

I am concerned ab...

Sink water pressu...

Sink water temper...

Sinks waste water
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Sinks are not mai...

I don´t like the ...

Toilets don´t flu...

Toilets waste wat...

Toilets splash

Toilets emit unpl...

Toilets are not m...

Toilets make too ...

I don´t like the ...

Urinals waste wat...

Urinals splash

Urinals emit unpl...

Urinals are not m...

Urinal height is ...

I don´t like the ...

Other:
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Building Features 

25.1) Considering energy use, how efficiently is this building performing in your 

opinion? 

25.2) Operable windows 

25.3) Floor coverings 
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25.4) Access between floors 

25.5) How well informed do you feel about using the above mentioned features in this 

building? 
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General Comments 

26.1) All things considered, how satisfied are you with your personal workspace? 

26.2) How satisfied are you with the building overall? 
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3.3 EMPIRICAL DATA 

3.3.1 Indoor Air Quality Measurements 

Ten sites were selected for air quality sampling on the second and third floors of Building E, 
consisting of offices and lab spaces. Sampling sites were chosen to represent work areas 
serviced by all ventilation delivery systems. Carbon dioxide, carbon monoxide, ultrafine 
particulate and composite volatile organic compounds (VOC) were evaluated in the morning and 
afternoon of August 30, 2006 to assess variability over the day. Passive monitors for aldehydes 
were exposed for approximately 6.5 hours to collect integrated samples.  

Sampling sites were chosen from each quadrant on the second and third floors. Results from 
sampling locations on each floor are shown in the following Tables. Optimal values in the 
rightmost column represent benchmark ranges for each measured variable.  

Detailed results for each sampling location are included on the pages following the Tables. 

 



Table 1  Selected parameters of indoor air quality from 2nd floor samples 

2
nd

 floor (n = 10) unit 1
st
 sample  

(10:40 – 11:27) 

2
nd

 sample 

 (3:45 – 4:52) 

Optimal 

Composite Volatile  

Organic Compounds (range)                                                  

 

ppb 

 

< 1 – 420 

 

 

< 1 – 338 

 

 

< 300  

 

 

 

Ultrafine particulate:  

Indoor to outdoor (range)    

             

 

ratio 

 

0.3 – 1.24 

 

0.05 – 0.1 

 

0.2 

 

Aldehydes (additive ratios, 

6.5 hr sample, n=5) 

 

ratio < 1 < 1 

 

CO2  (range) 

 

 

ppm 

 

408 – 592 

 

 

421 – 461 

 

 

367 – 1000 

 

 

Table 2 Selected parameters of indoor air quality from 3rd floor 

3
rd

  floor (n = 10) unit 1
st
 sample  

(9:25 – 10:12) 

2
nd

 sample 

 (3:00 – 4:30) 

Optimal 

 

Composite Volatile  

Organic Compounds (range)   

                                                  

 

ppb 

 

5 - 567 

 

< 1 - 89 

 

< 300 

 

 

Ultrafine particulate:  

Indoor to outdoor (range)  

               

 

ratio 

 

0.3 – 0.9 

 

0.03 – 0.1 

 

0.2 

 

Aldehydes (additive ratios, 

6.5 hr sample, n=5) 

 

ratio < 1 < 1 

 

CO2  (range) 

 

 

ppm 

 

412 - 571 

 

417 - 506 

 

367 – 1000 

 

 



Building Performance Evaluation:  IAQ

Date: 30-Aug-06

Building: Building E - 2nd Floor

Position:

Sample 1 SE 2031B Schedule Office

Sample 2 SE Corridor by Atrium

Sample 3 SE 2031 

Sample 4 NE 2044 Office facing atrium

Sample 5 NE 2054 Grad Computer Lab

Sample 6 NE 2057 Computer Lab

Sample 7 NW Corridor by 2098

Sample 8 NW Corridor by 2090

Sample 9 SW Corridor by 2022

Sample 10 SW Corridor by 2028

Notes:



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Time: 10:40 10:45 10:49 10:55 10:59 11:05 11:10 11:15 11:21 11:27

fenestration:

Window to 

atrium

Skylight Window to 

atrium

W. Window 

facing atrium

N. Window E. window 

facing atrium

N. window W. window W. winow None

ppbRAE 33 10 20 420 < 1 < 1 16 29 0 13

P-Track 1190 5010 1210 2990 4200 2600 4210 2830 4410 3990

CO2 467 408 419 447 446 592 477 420 471 473

CO < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Temperature 21.8 21.9 21.9 21.9 22.1 21.7 21.6 21.4 21.5 21.6

%RH 50.6 50.7 50.6 50.3 45.2 49.6 49.8 50.1 51.2 51.3

Aldehyde < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Notes:

1 person. 

Computer. 

Blinds drawn.

Blinds open Blinds open Computer. 

Blinds drawn. 1 

person.

17 computer 

workstations. 2 

printers. Blinds 

open. 2 people.

2 computers. 2 

people. Blinds 

drawn.

Blinds open Blinds open Blinds open

Outdoor measurments: (Take measurements near air intake)

VOC outdoor < 1 CO2 outdoor 367 CO < 1

P-track outdoor 4030 Temperature 18.3 %RH 56

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

I:O P-track 0.3 1.2 0.3 0.7 1 0.7 1 0.7 1.1 1



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Time: 15:45 14:20 14:10 15:50 14:26 14:31 14:37 14:42 14:47 14:52

weather:

fenestration:

Window to 

atrium

Skylight Window to 

atrium

W. window 

facing atrium

N. window E. window 

facing atrium

N. window W. window W. window None

ppbRAE 0 0 0 338 0 4 93 8 38 10

P-Track 513 922 610 855 993 928 1200 1050 817 920

CO2 421 440 424 461 472 450 452 444 432 456

CO < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Temperature 23.3 21.9 22.6 22.6 22.3 21.9 22.2 23.2 23.4 23.1

%RH 46.9 57.2 45.8 49.7 47.6 52.1 51.8 51.2 47.6 47.9

Aldehyde < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Notes:

Computer. 

Blinds drawn.

Computer. 

Blinds drawn. 1 

person.

17 computer 

workstations. 2 

printers. Blinds 

open. 1 person.

2 computers. 

Blinds drawn. 1 

person

Blinds open Blinds open Blinds open

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 381 CO 0

P-track outdoor 9660 Temperature 22.3 46.6

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

I:O P-track 0.05 0.1 0.06 0.09 0.1 0.1 0.1 0.1 0.08 0.1



Building Performance Evaluation:  IAQ

Date: 30-Aug-06

Building: Building E - 3rd Floor

Position:

Sample 1 SE 3031 Staff Lounge 

Sample 2 SE 3033

Sample 3 SE Corridor by 3033

Sample 4 NE 3044 Office facing atrium

Sample 5 NE 3049 Office facing outside

Sample 6 NE 3053 Grad Student Office

Sample 7 NW 3005 Grad Student Lab

Sample 8 NW 3001 Office

Sample 9 SW 3022 Office facing outside

Sample 10 SW 3027 Office

Notes:



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Time: 9:25 10:17 10:23 9:35 9:45 9:50 9:56 10:01 10:07 10:12

fenestration:

W. and S. 

Windows

S. Window Skylight W. Window E. Window E. Window 

facing atrium

None W. Window W. Window E. Window

ppbRAE 39 153 58 484 30 105 5 124 567 4

P-Track 1840 1530 3750 1920 1630 2850 1070 1240 2060 3580

CO2 459 548 553 571 453 474 503 493 441 412

CO < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Temperature 19.9 23.1 23 22.6 22.3 22.7 22.1 22.7 23.4 23.2

%RH 60.8 49.7 48.9 53.4 51.3 51.3 49.5 51.4 49.1 46.2

Aldehyde < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Notes:

Blinds half 

drawn

Blinds drawn Computer. 

Blinds drawn.

Computer. 

Blinds drawn.

2 people. 3 

computers.

7 computer 

stations. Blinds 

drawn. 4 

people

Blinds open. 1 person.

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 367 CO < 1

P-track outdoor 4030 Temperature 18.3 %RH 56

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

I:O P-track 0.5 0.4 0.9 0.5 0.4 0.7 0.3 0.3 0.5 0.9



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Time: 15:00 15:05 14:05 15:10 15:15 15:40 15:20 14:00 15:26 15:30

weather:

fenestration:

W. and S. 

Windows

S. Window Skylight W. Window E. Window E. Window 

facing atrium

None W. Window W. Window E. Window

ppbRAE 1 89 32 0 10 19 40 1 32 17

P-Track 745 619 1150 703 769 911 320 601 423 372

CO2 417 421 453 419 437 492 506 450 432

CO < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Temperature 22.6 22.8 23.3 23.6 23.4 24.2 23.5 22.6 24 24.4

%RH 51.9 51.9 50.6 52.5 51.4 46.6 50.3 53.3 51.7 49.3

Aldehyde < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Notes:

Room was 

cleaned and 

vacuumed right 

before 

sampling. 

Blinds half 

drawn.

Blinds drawn. Blinds drawn. Computer. Blinds drawn. 1 

person.

3 computers. 2 

people.

Blinds half 

drawn. 1 

person. Room 

was vacuumed 

before 

sampling.

Blinds open. Blinds drawn. 1 

person.

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 381 CO < 1

P-track outdoor 9660 Temperature 22.3 RH% 46.6

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

I:O P-track 0.08 0.06 0.1 0.07 0.08 0.09 0.03 0.06 0.04 0.04
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3.3.2 Thermal Comfort Measurements 

Ten sites were selected for thermal measurement based on the results of the web-based 
occupant satisfaction survey, in locations of high and low satisfaction. Both internal rooms and 
spaces near windows were selected for thermal measurement. 

The following Table shows thermal results for the ten sample locations, taken three times during 
the day to assess variability. The dry bulb temperature in the fourth column indicates the air 
temperature in each space, and the setpoint temperature value in the rightmost column is the 
temperature to which the space is conditioned by the building’s systems. 

 



Table 1: Thermal Measurements in Building E 

 
Date: 30-Aug-06 Building E     

time 
(morn) 

Weather Room 
Dry 
bulb T 
(°C) 

wet 
bulb T 
(°C) 

globe 
temp 
(°C) 

air 
velocity 
(ft/min) 

WBGT 
in (°C) 

WBGT 
out (°C) 

Windows and environmental 
factors 

Setpoint 
(°C) 

11:00 
slight wind, clear 
sky 

003 20.2 15.9 21.7 3 17.6 17.4 door open, near thermostat 21.6 

11:24 
slight wind, clear 
sky 

1003 21.8 15.9 22.1 3 17.9 17.9 hallway, near thermostat 23.5 

11:31 
slight wind, clear 
sky 

1003 22.7 16.9 23 4 18.8 18.7 
admin, open space, dc, wc,no 
blinds 

23.5 

11:34 
slight wind, clear 
sky 

1002 20.1 15.3 22.1 4 17.4 17.3 
closed comp.lab, ext.bl. down, 
glazed int. walls 

21.5 

11:42 
slight wind, clear 
sky 

2084 21.5 16 21.9 1 17.9 17.9 
perimeter hallway, near w., 
near Tstat.& outside mech rm. 

21.5 

11.51 
slight wind, clear 
sky 

2042 21.6 16.6 22.6 3 18.3 18.2 
office over atrium, bl. on inside 
windows, glazed walls out to 
hall, d.o., no thermo. 

23 

12:00 
PM 

slight wind, clear 
sky 

2001 21.4 15.9 22.1 15 17.8 17.7 core, w.c., d.o., no thermo. 21.5 

12.06 
slight wind, clear 
sky 

3084 23.8 17.5 23.9 14 19.4 19.4 
outside mech. Rm, near 
thermo., w.c., 

23 

12.16 
slight wind, clear 
sky 

3031 20.5 17.8 21.6 7 18.7 18.5 
grad lounge, w.c., blinds, no 
thermo. 

21.5 

12.26 
slight wind, clear 
sky 

3096 22.9 17.3 23.4 2 19.3 19.2 hallway, windows, thermo. 24 

12.36 
slight wind, clear 
sky 

3005 23.1 17.1 24.5 15 19.2 19.1 
lab, no therm, no windows,  
d.o. 

22 

 
 

          



 

time 
(mid) 

Weather Room 
Dry 
bulb T 
(°C) 

wet 
bulb T 
(°C) 

globe 
temp 
(°C) 

air 
velocity 
(ft/min) 

WBGT 
in (°C) 

WBGT 
out (°C) 

Windows and environmental 
factors 

Setpoint 
(°C) 

1:40 
cloudy with 
some blue sky 

003 22.8 16.5 26.9 2 18.8 18.9 door open, near thermostat 21.6 

1:46 
cloudy with 
some blue sky 

1003 22.1 16.5 22.7 1 18.4 18.4 hallway, near thermostat 23.5 

1:48 
cloudy with 
some blue sky 

1003 22.8 16.8 22.9 7 18.7 18.7 
admin, open space, dc, wc,no 
blinds 

23.5 

1:53 
cloudy with 
some blue sky 

1002 20.3 15.8 22.6 17 17.9 17.7 
closed comp.lab, ext.bl. down, 
glazed int. walls 

21.5 

2:11 
cloudy with 
some blue sky 

2084 22.3 16.6 24.4 1 19 18.8 
perimeter hallway, near w., 
near Tstat.& outside mech rm 

21.5 

2:05 
cloudy with 
some blue sky 

2042 21.8 16.7 22.6 0 18.5 18.4 
office over atrium, bl. on inside 
windows, glazed out to hall, 
d.o., no thermo. 

23 

2:02 
cloudy with 
some blue sky 

2001 21.3 16.2 22.2 8 18 17.9 core, w.c., d.o., no thermo. 21.5 

2:18 
cloudy with 
some blue sky 

3084 23.9 17.6 24.7 7 19.7 19.7 
outside mech. rm, near 
thermo., w.c., 

23 

2:22 
cloudy with 
some blue sky 

3031 22 17.5 24.1 27 19.3 19.1 
grad lounge, w.c., blinds, no 
thermo. 

21.5 

2:12 
cloudy with 
some blue sky 

3096 23.5 17.3 24.1 6 19.5 19.5 hallway, windows, thermo. 24 

2:14 
cloudy with 
some blue sky 

3005 23.6 17.8 24.9 1 19.8 19.6 
lab, no therm, no windows,  
d.o. 

22 

           



 

time 
(aft) 

Weather Room 
Dry 
bulb T 
(°C) 

wet 
bulb T 
(°C) 

globe 
temp 
(°C) 

air 
velocity 
(ft/min) 

WBGT 
in (°C) 

WBGT 
out (°C) 

Windows and environmental 
factors 

Setpoint 
(°C) 

3:30 
sunny, sky 
clearing 

003 20.8 16.4 24.6 2 18.4 18.2 door open, near thermostat 21.6 

4:00 
sunny, sky 
clearing 

1003 22.6 16.9 23.8 16 18.9 18.8 hallway, near thermostat 23.5 

4:06 
sunny, sky 
clearing 

1003 22.7 17.1 23.5 18 19 18.9 
admin, open space, dc, wc,no 
blinds 

23.5 

4:11 
sunny, sky 
clearing 

1002 20.8 15.9 23.3 15 18 17.7 
closed comp.lab, ext.bl. down, 
glazed int. walls 

21.5 

4:18 
sunny, sky 
clearing 

2084 23.5 16.8 25.6 1 19.6 19.4 
perimeter hallway, near w., 
near Tsat.& outside mech rm 

21.5 

4:44 
sunny, sky 
clearing 

2042 22.8 17.1 20 0 19.7 19.4 
office over atrium, bl. on inside 
windows, glazed out to hall, 
d.o., no thermo. 

23 

4:35 
sunny, sky 
clearing 

2001 22 16.6 25.7 13 19.3 18.9 core, w.c., d.o., no thermo. 21.5 

4:48 
bright, sun 
streaming in, no 
clouds 

3084 25.1 17.9 26 25 20.8 20.7 
outside mech. rm, near 
thermo., w.c., 

23 

3:52 
sunny, sky 
clearing 

3031 22.3 17.2 23.1 14 19 19 
grad lounge, w.c., blinds, no 
thermo. 

21.5 

4:40 sunny 3096 24.4 17.7 25.9 16 20.2 20 hallway, windows, thermo. 24 

4:30 
sunny, sky 
clearing 

3005 24.7 17.6 25.7 16 20 19.9 
lab, no therm, no windows,  
d.o. 

22 

           

note: s=sun, c=cloud, r=rain, w=wind, 
f=fog 

  temp=degrees C, air velocity= ft/min 
d=door, w=window, b=blinds, 
c=closed, o=open 

 

           

NOTES:        

Trendlogging figures not available for comparison    

Room numbers have changed and no clear way to indicate locations using DDC or mechanical drawings   

No control on air velocity, whatever was set at. Can adjust it manual but not from system. Same with humidity. 

Thermostats control 4-5 offices. Some readings taken near thermostats were in hallways.  Adjacent offices were locked. 

Accessibility was limited to occupied spaces. Many people absent.   
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3.3.3 Acoustic Measurements 

Based on a walk-through acoustical survey and on information from the web-based survey, 
acoustic measurements were made in the following locations, expected to be of particular 
interest acoustically, under various conditions: 

 
• R1 – 1st floor, private office  
• R2 – 3rd floor lab  
• R3 – 3rd floor, library-seminar room  
• R4 –  2nd floor, semi-private office  
• R5 – 1st floor, computer lab  
• R6 – NE atrium. 
 

The following variables were measured at each sample location, as appropriate. Benchmark 
ranges for each variable are shown in the following Table. 

Table 3: Acoustic measured variables and benchmark ranges 

Measured Variable Benchmark Range s 

Background-noise level, BN in dB NC30-35 in meeting and conference rooms,  
NC35-40 in workspaces 

Mid-frequency Reverberation time, RT in s RT < 0.75 s for a comfortable environment and easy 
verbal communication 

Speech Intelligibility Index, SII Speech intelligibility requires SII > 0.7,  
Speech privacy requires SII < 0.2 

Noise Isolation Class, NIC in dB NIC35-40 dB for private offices and conference rooms,  
NIC30-35 dB for open offices and meeting rooms 

 
Measurements were made under relevant operational and environmental conditions – for 
example, windows open and closed, office doors open and closed. 

Results for each sampling location are found in the following Table. 



Table 2.  Acoustic measurement results for each sample location 
 

Location Background Noise 
(dB) 

Reverberation 
Time (sec) 

Speech Intelligibility (SII) Noise Isolation (NIC 
dB) 

R1 

NC32 window/door 
closed 

NC36 window/door 
open 

0.7 

0.71 across desk, normal 
voice 

0.26/0.53 from adjacent 
office, door closed/open, 

casual voice 
0.39/0.66 from hallway, door 

closed/open, casual voice 

23/14 from adjacent 
office, door and 

window closed/open 
18/6 from hallway, 
door and window 

closed/open 

R2 

NC37 window/door 
closed 

NC39 window/door 
open 

0.4 

0.35-0.65/0.51-0.73 across 
desks, casual/normal voice 
0.02-0.04/0.09-0.13 from 

hallway, door closed, 
casual/normal voice 

17 from hallway, 
doors closed 

7 from hallway, doors 
open 

R3 

NC36 window/door 
closed 

NC37 window/door 
open 

1.0 

0.59/0.62 across desk, 
casual/normal voice 

0.20-0.29/0.4-0.48 from 
hallway, doors closed/open, 

casual voice 

20-24/7-9 from 
hallway, doors and 

windows closed/open 

R4 
NC37 doors and 
windows closed 

0.7 

0.50-0.62/0.60-0.63 across 
desks, casual/normal voice 
0.05-0.06/0.28-0.43 from 

hallway, casual voice, door 
and window closed/open 

10-19/7-10 from 
hallway, doors 
closed/open 

R5 

NC46 window/door 
closed 

NC47 window/door 
open 

1.0 

0.31-0.43/0.46-0.54 across 
desks, casual/normal voice 

0.05/0.33 from hallway, 
normal voice, door and 

window closed/open 

27/21 from hallway, 
doors and windows 

closed/open 

R6 NC42-45 2.4 

0.13-0.41/0.27-0.45 distances 
of 1-3 m, casual/normal voice 
0.20-0.25 ground to 2

nd
, 3

rd
 

floors, casual voice 
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3.3.4 Lighting Measurements 

Ten sites on the second and third floors of Building E were selected for lighting measurements. 
Sites were sampled in the morning and in the afternoon of August 20, 2006, to assess light level 
variability over the day.   

Sampling sites were chosen from each quadrant on the second and third floors. Detailed results 
for sampling locations in each quadrant are shown in the following Tables. Optimal values in the 
rightmost column represent benchmark ranges for each measured variable. 

Detailed results for each sampling location are included on the pages following the Tables. 

 



Table 1.  Light measurements taken from second floor (Zone = NE) 

Zone NE  (n=3) 

 

unit 1
st
 sample  

(10:55 – 11:05) 

2
nd

 sample  
(3:50 – 4:30) 

Optimal 

Use of blinds: 

     Blinds open  

     Blinds closed or greater than 

       50% closed    

      

 

n 

n 

 

1 

2 

 

 

 

1 

2 

 

 

NA 

 

Glare: 

     Yes, veiling glare on work  

         surface               

     No glare                                                       

 

n 

 

n 

 

1 

 

2 

 

0 

 

2 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

51 – 701 

 

 

62 - 609 

 

200 – 500 

Comfort ratios 

     Incident light to background  

     Computer to background  

 

ratio 

 

0.79 – 1.05 

1.0 – 2.02 

 

0.94 – 1.44 

0.69 – 1.14 

 

0.3 – 3.0 

0.1 - 10 

Morning to afternoon incident 

light ratio (range) 

 

ratio 

 

0.82 – 1.2 

 

NA 

 

 

 

Table 2.  Light measurements taken from second floor (Zone SE) 

Zone SE (n=3) 

 

unit 1
st
 sample 

 (10:40 – 10:49) 

2
nd

 sample 
 (3:45 – 4:10) 

Optimal 

Use of blinds: 

     Blinds open                                                          

     Blinds closed or greater than 

       50% closed 

 

n 

n 

 

 

2 

1 

 

 

2 

1 

 

NA 

Glare: 

     Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

0 

 

3 

 

0 

 

3 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

306 – 1675 

 

262 – 1010 

 

200 – 500 

Comfort ratios 

     Incident light to background  

     Computer to background 

 

ratio 

 

 

1.0 – 1.03 

1.04* 

 

1.0 

1.03* 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident 

light ratio (range) 

 

ratio 

 

1.17 – 1.83 

 

NA 

* only one computer on 

 

 

 

 



Table 3.  Light measurements taken from second floor (Zone SW) 

Zone SW (n=2) 

 

unit 1
st
 sample 

 (9:40 – 10:30 am) 

2
nd

 sample 
 (2:50 – 3:30 pm) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

    Blinds not applicable 

 

n 

n 

 

n 

 

1 

 

 

1 

 

1 

 

 

1 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

0 

 

2 

 

0 

 

2 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

208 – 300 

 

190 – 1840 

 

300 – 500 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

1.0 

N/A* 

 

1.0 

N/A 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident 

light ratio (range) 

 

ratio 

 

0.16 – 1.1 

 

NA 

* computers not on 
 

 

 

Table 4.  Light measurements taken from second floor (Zone NW) 

Zone NW (n=2) 

 

unit 1
st
 sample 

 (9:40 – 10:30 am) 

2
nd

 sample 
 (2:50 – 3:30 pm) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

 

n 

n 

 

2 

0 

 

2 

1 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

0 

 

2 

 

0 

 

2 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

161 – 635 

 

125 – 1990 

 

300 – 500 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

1.0 

N/A* 

 

1.0 

N/A 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident 

light ratio (range) 

 

ratio 

 

0.32 – 1.3 

 

NA 

* computers not on 
 

 

 

 



Table 5.  Light measurements taken from third floor (Zone NE) 

Zones NE (n=3) 

 

unit 1
st
 sample 

 (9:35 – 10:50) 

2
nd

 sample 
 (3:10 – 3:37) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

 

n 

n 

 

1 

2 

 

1 

2 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                   

 

n 

 

n 

 

2 

 

1 

 

1 

 

2 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

200 – 1120 

 

342 – 507 

 

300 – 500 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

0.93 – 4 

0.79 – 2.72 

 

1.0 – 1.4 

1.19 – 1.2 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident 

light ratio (range) 

 

ratio 

 

0.58 – 3.24 

 

NA 

 

 

 
Table 6.  Light measurements taken from third floor (Zone SE) 

Zones SE (n=3) 

 

unit 1
st
 sample 

 (9:25 – 10:23) 

2
nd

 sample 
 (3:00 – 4:05) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

 

n 

n 

 

1 

2 

 

0 

3 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

0 

 

3 

 

0 

 

3 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

145 – 1780 

 

64 – 994 

 

300 – 500 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

0.94 – 1.0 

N/A* 

 

1.0 

N/A 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident 

light ratio (range) 

 

ratio 

 

0.52 – 2.26 

 

NA 

*computers not on 
 

 

 

 

 

 



Table 7.  Light measurements taken from third floor (Zone SW) 

Zones SW (n=2) 

 

unit 1
st
 sample 

 (10:07 – 10:12) 

2
nd

 sample 
 (4:26 – 4:30) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

 

n 

n 

 

1 

1 

 

1 

1 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

1 

 

1 

 

1 

 

1 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

450 – 520 

 

275 – 492 

 

300 – 500 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

1.34 – 1.49 

1.02 – 1.13 

 

1.07 – 1.13 

0.82 – 1.09 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident 

light ratio (range) 

 

ratio 

 

0.91 – 1.89 

 

NA 

 

 

 

Table 8.  Light measurements taken from third floor (Zone NW) 

Zones NW (n=2) 

 

unit 1
st
 sample 

 (9:56 – 10:01) 

2
nd

 sample 
 (3:20 – 4:00) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

    Blinds not applicable 

 

n 

n 

 

n 

 

 

1 

 

1 

 

 

1 

 

1 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

1 

 

1 

 

0 

 

2 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

390 – 492 

 

257 – 450 

 

300 – 500 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

1.09 – 2.02 

0.95 – 1.14 

 

0.73 – 1.88 

1.03 – 1.25 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident 

light ratio (range) 

 

ratio 

 

1.09 – 1.5 

 

NA 

 



Building Performance Evaluation:  Lighting

Date: 30-Aug-06

Building: Building E - 2nd Floor

Position:

Sample 1 SE 2031B Schedule Office

Sample 2 SE Corridor by Atrium

Sample 3 SE 2031 

Sample 4 NE 2044 Office facing atrium

Sample 5 NE 2054 Grad Computer Lab

Sample 6 NE 2057 Computer Lab

Sample 7 NW Corridor by 2098

Sample 8 NW Corridor by 2090

Sample 9 SW Corridor by 2022

Sample 10 SW Corridor by 2028

Notes:



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Time: 10:40 10:45 10:49 10:55 10:59 11:05 11:10 11:15 11:21 11:27

fenestration:

Window to 

atrium

Skylight Window to 

atrium

W. Window 

facing atrium

N. Window E. window 

facing atrium

N. window W. window W. winow None

Incident (lux) 486 1675 306 379 701 51 161 635 300 208

Computer 491 N/A N/A 490 672 101 N/A N/A N/A N/A

Background 472 1675 306 478 668 50 161 635 300 208

Floor 248 1689 287 254 517 113 159 374 172 174

Wall (opt) 257 572 250 180 398 72 105 530 183 106

Glare (Y/N) N N N N Y N N  N N N 

Task on (Y/N) N N N N N N N N N N

Notes:

Computer. 

Blinds drawn.

Blinds open Blinds open Computer. 

Blinds drawn. 

17 computer 

workstations. 2 

printers. Blinds 

open. 

2 computers. 

Blinds drawn. 

Lights off.

Blinds open Blinds open Blinds open

Contast:

Comp:bkg 1.04 N/A N/A 1.03 1 2.02 N/A N/A N/A N/A

Incident:bkg 1.03 1 1 0.79 1.05 1 1 1 1 1

Notes:



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Time: 15:45 14:20 14:10 15:50 14:26 14:31 14:37 14:42 14:47 14:52

fenestration:

Window to 

atrium

Skylight Window to 

atrium

W. Window 

facing atrium

N. Window E. window 

facing atrium

N. window W. window W. winow None

Incident (lux) 265 1010 262 370 609 62 125 1990 1840 190

Computer 272 N/A N/A 271 410 49 N/A N/A N/A N/A

Background 263 1010 262 392 440 43 125 1990 1840 190

Floor 153 2470 217 206 434 56 190 950 2050 152

Wall (opt) 172 2060 134 210 358 36 234 650 1280 142

Glare (Y/N) N N N N N N N N N N

Task on (Y/N) N N N N N N N N N N

Notes:

Computer. 

Blinds drawn.

Blinds open Blinds open. Computer. 

Blinds drawn. 

17 computer 

workstations. 2 

printers. Blinds 

open. 

2 computers. 

Blinds drawn. 

Lights off.

Blinds open Blinds open Blinds open

Contast:

Comp:bkg 1.03 N/A N/A 0.69 0.93 1.14 N/A N/A N/A N/A

Incident:bkg 1 1 1 0.94 1.38 1.44 1 1 1 1

Notes:



Illumination levels for task categories:

Task category Examples Minimum (lux)

Orientation only Storage areas, waiting areas, VDT screens 50

Visual tasks rarely Stairways, freight elevators, active bulk storage 100

performed

Visual tasks of high Locker rooms, casual reading, simple assembly, 200

contrast, large size hand or spray painting.

Visual tasks of medium Reading poor quality text, prolonged or critical reading, 500

contrast, small size fine hand painting and finishing.

Visual tasks of low Difficult assembly tasks, difficult inspections, fine work, 1000

contrast, very small size graphics

Visual tasks of low Very difficult assembly tasks, sewing, fine bench work 2000

contrast, very small size extra-fine hand painting and finishing

prolonged period

Very prolonged and Exacting assembly or inspection, extra fine bench or machine 5000

exacting visual tasks work, precision manual arc-welding

Very special visual tasks Very detailed cloth product inspection and examination 10000

of extremely low contrast

and small size



Building Performance Evaluation:  Lighting

Date:

Building: Building E - 3rd Floor

Position:

Sample 1 SE 3031 Staff Lounge 

Sample 2 SE 3033

Sample 3 SE Corridor by 3033

Sample 4 NE 3044 Office facing atrium

Sample 5 NE 3049 Office facing outside

Sample 6 NE 3053 Grad Student Office

Sample 7 NW 3005 Grad Student Lab

Sample 8 NW 3001 Office

Sample 9 SW 3022 Office facing outside

Sample 10 SW 3027 Office

Notes: Overhead lighting on, unless otherwise noted.

30-Aug-06



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Time: 9:25 10:17 10:23 9:35 9:45 9:50 9:56 10:01 10:07 10:12

fenestration:

W. and S. 

Windows

S. window skylight W. window E. window E. window 

facing atrium

None W. window W. window E. window

Incident (lux) 290 145 1780 200 366 1120 390 492 450 520

Computer N/A N/A N/A 325 312 762 220 428 341 396

Background 290 145 1900 200 394 280 193 451 335 350

Floor 486 57 2260 254 303 1860 264 222 280 250

Wall (opt) 265 122 1140 230 268 446 116 277 200 125

Glare (Y/N) N N N N Y Y N Y Y N

Task on (Y/N) N N N N N N N N N N

Notes:

Blinds half 

drawn.

Blinds 

drawn. 

Lights off.

Blinds open. Blinds drawn Blinds drawn Lights off. 

Blinds open

Blinds half 

drawn.

Blinds drawn.

Contast:

Comp:bkg N/A N/A N/A 1.63 0.79 2.72 1.14 0.95 1.02 1.13

Incident:bkg 1 1 0.94 1 0.93 4 2.02 1.09 1.34 1.49

Notes:



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Time: 15:00 15:05 14:05 15:10 15:15 15:37 15:20 14:00 15:26 15:30

fenestration:

W. and S. 

Windows

S. window skylight W. window E. window E. window 

facing atrium

None W. window W. window E. window

Incident (lux) 552 64 994 342 507 346 257 450 492 275

Computer N/A N/A N/A 426 430 N/A 363 301 360 282

Background 552 64 994 357 360 346 352 240 437 258

Floor 351 24 854 102 230 330 279 321 330 233

Wall (opt) 390 84 926 262 203 302 212 183 320 233

Glare (Y/N) N N N Y N N N N N Y

Task on (Y/N) N N N N N N N N N N

Notes:

Blinds half 

drawn.

Blinds 

drawn. 

Lights off.

Blinds 

drawn.

Blinds drawn Blinds drawn Lights off. 

Blinds open

Blinds half 

drawn.

Blinds open. Blinds drawn.

Contast:

Comp:bkg N/A N/A N/A 1.19 1.2 N/A 1.03 1.25 0.82 1.09

Incident:bkg 1 1 1 0.96 1.4 1 0.73 1.88 1.13 1.07

Notes:



Illumination levels for task categories:

Task category Examples Minimum (lux)

Orientation only Storage areas, waiting areas, VDT screens 50

Visual tasks rarely Stairways, freight elevators, active bulk storage 100

performed

Visual tasks of high Locker rooms, casual reading, simple assembly, 200

contrast, large size hand or spray painting.

Visual tasks of medium Reading poor quality text, prolonged or critical reading, 500

contrast, small size fine hand painting and finishing.

Visual tasks of low Difficult assembly tasks, difficult inspections, fine work, 1000

contrast, very small size graphics

Visual tasks of low Very difficult assembly tasks, sewing, fine bench work 2000

contrast, very small size extra-fine hand painting and finishing

prolonged period

Very prolonged and Exacting assembly or inspection, extra fine bench or machine5000

exacting visual tasks work, precision manual arc-welding

Very special visual tasks Very detailed cloth product inspection and examination 10000

of extremely low contrast

and small size
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3.4 RESOURCE CONSUMPTION DATA 

3.4.1 Energy and Water Consumption Data 

The following Table displays the monthly energy consumption in Building E for the entire period 
of its occupancy, for Electricity, Steam and Cooling. This information was provided by the 
owner. 

The Table also displays the monthly water consumption in the building from initial occupancy 
until the start of the Building Performance Evaluation. 

 



BUILDING E: ENERGY AND WATER DATA

Building Footprint 10,684  m
2

MMBtu MJ/m2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Total Electricity

2001 107,270 106,839 106,120 320,229 1092.6213 107.89

2002 115,963 108,328 105,361 106,288 93,597 98,986 95,243 82,350 95,682 91,623 98,487 95,372 1,187,280 4050.9994 400.02

2003 109,230 111,520 113,446 96,438 102,151 76,149 110,908 103,681 100,035 98,584 95,730 82,559 1,200,431 4095.8706 404.45

2004 120,381 93,743 112,866 102,871 89,078 103,670 92,096 102,243 96,296 111,471 103,052 103,507 1,231,274 4201.1069 414.84

2005 93,166 93,034 100,600 104,135 90,461 96,414 104,629 93,615 93,545 102,450 108,504 114,421 1,194,974 4077.2513 402.61

2006 96,248 95,068 105,145 103,737 95,215 495,413 1690.3492 166.91

MMBtu MJ/m2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Total Steam

2001 0 0 0.00

2002 644.97 233.74 322.6 338.9 574.5 705.6 563.9 223.1 800.0 4,407 4643.9088 458.57

2003 826.7 1,675.7 1,216.5 446.6 95.2 99.5 121.4 174.0 250.5 89.4 375.6 696.5 6,068 6393.3985 631.32

2004 1,347.3 915.4 692.7 362.8 648.2 659.6 533.4 879.4 902.0 706.8 797.3 1376.4 9,821 10348.704 1021.89

2005 1,096.3 946.8 926.9 817.3 608.0 388.7 294.0 99.7 96.3 122.6 170.4 199.3 5,766 6075.9503 599.97

2006 164.4 179.4 159.5 119.6 88.7 712 749.81292 74.04

MMBtu MJ/m2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Total Cooling

2001 0 0 0.00

2002 0 0 0.00

2003 88.47 239.36 275.30 353.83 449.65 1,293.67 1,321.03 688.50 445.60 250.12 94.72 5,500 5500.25 543.13

2004 114.57 0.00 116.10 380.10 498.20 680.50 733.70 827.50 713.35 508.50 346.70 95.02 5,014 5014.24 495.14

2005 104.38 30.47 33.45 400.22 460.15 890.22 1,004.82 778.09 619.82 629.49 584.54 323.70 5,859 5859.35 578.59

2006 258.23 218.77 285.02 366.47 460.15 1,589 1588.64 156.87

ELECTRICITY (kWh)

STEAM (1000 lb)

COOLING (MMBTU)



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Gal/m2/Yr

2001 76 82 79 236

2002 76.56 78.98 74.14 80.3 59.62 105.82 105.248 74.932 93.94 155.32 223.08 182.6 1,311 122.66       

2003 166.3 269.5 448.8 26.8 123.4 111.8 148.5 159.9 215.8 210.1 174.7 119.2 2,175 203.56       

2004 175.3 162.8 175.3 114.4 84.7 119.2 87.1 98.6 153.6 190.9 158.0 83.4 1,603 150.07       

2005 139 114 134 107 80 119 98 85 186 144 135 76 1,418 132.72       

2006 114 96 169 337 221 937

Annual Water Consumption (average of 3 years): 1,627 x1000 gal/year

6,156,957  L/year 

Occupants: 230 full-time, faculty+grads

1500 part-time, students

Occupancy (1/2*part-time + full-time)  = 980 occ

Workdays: 260 (approximate)

Water use per occupant per day: 24 L/occ/day

WATER (1000 Imp Gallons)
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3.5 LIST OF FUNDING ORGANIZATIONS 

The following organizations participated in the funding of this Building Performance Evaluation: 

• Western Economic Diversification 
• Real Estate Foundation 
• Industry Canada 
• Terasen Gas 
• BC Hydro 
• Clivus Multrum 
• Public Works and General Services Canada 
• Greater Vancouver Regional District 
• Building E Owner 
• Building E Architect 
• Building E Mechanical Engineer 

 




