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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 F for the 
purpose of maintaining anonymity. A LEED® 
Silver building in Greater Vancouver consisting 
of labs and office spaces, Building F was 
designed in 2001 and occupied in 2003. The 
building performance evaluation for Building F 
was carried out in the fall of 2006. 
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Executive Summary 

Building F is a LEED® Silver building located in Greater Vancouver, British Columbia, that was 
designed in 2001 and occupied in 2003. The building is made up of labs and office spaces. 

Building F was designed as a shell building for tenant fit-out. For the shell building, several 
sustainable goals drove the design process, and key strategies were implemented to meet 
these goals. The Building Performance Evaluation assessed the performance of these key 
design strategies in operation in the occupied building. Of course, tenant fit-out decisions also 
influenced results. Lessons learned by the design team relating to key design strategies are 
highlighted in this report. 

The goal of energy savings in the building was pursued using simple and efficient systems in 
accordance with a “less is more” strategy. Low-flow fume hoods in laboratory areas allowed for 
significantly lower air change rates and thus less energy for conditioning of outdoor air. Actual 
energy consumption, measured in 2005, exceeded predicted values, in large part because of 
operational differences involving schedules of operation. However, in comparison to a building 
across the street that is owned by the same company and has similar use and operational 
parameters, Building F consumes 25% less energy per square metre of floor area. 

The goal of reduced water consumption was targeted in the building using low-flow fixtures, dual 
flush toilets, and waterless urinals. The actual water consumption in the building, measured in 
2005, was lower than predicted and much lower than benchmarks. However, maintenance 
concerns with dual flush toilets and waterless urinals indicate that a new design standard must 
be developed for plumbing systems when these low-flow fixtures are employed. 

The goal of maximizing daylighting in the building was pursued by designing glazing areas and 
floorplan depths so as to provide as much natural light as possible. In operation, the daylighting 
and electric lighting strategies were effective at producing adequate light levels, but some 
spaces were over-illuminated. Of course, tenant fit-out lighting design decisions also influenced 
observed results in the building. 

The goal of optimized acoustic quality in Building F was pursued in the design of acoustic 
treatments in the building, including carpets, acoustic ceiling tiles, and workspace partitions. 
These strategies were effective, keeping noise levels in most areas of the building within 
benchmark ranges. However, noise propagation between spaces was an issue in some 
locations where tenant fit-out demising walls extended only up to the acoustical ceiling. 

The mechanical systems in Building F were effective in optimizing indoor air quality in most 
areas where measurements were taken, with the exception of a few locations on the ground 
floor where ultrafine particulate concentrations were higher than benchmarks. 
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1.0 Building Performance Evaluation Pilot Study 

1.1 DEVELOPMENT OF THE PILOT STUDY 

Building F was one of six buildings that participated in the Building Performance Evaluation 
(BPE) Pilot Study. 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 within 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 for 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, and carry out 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 rating 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 a number of spaces within the building 
where measurements are taken, with a balance of the most highly and poorly rated locations 
selected for measurement.  

The fifth and sixth floors of Building F were not made accessible to the BPE team for 
measurements. 

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 F was designed in 2001 as a shell building for fit-out by a variety of tenant types, 
including laboratory tenants. This early LEED building achieved a Silver rating and was 
occupied in 2003.  

The 10,500 square metre (113,000 square foot) building has six floors which are occupied by 17 
tenant groups including research-based companies, office tenants, and two small schools. The 
building also has two floors of underground parking. Approximately 500 occupants are regularly 
found in the building. 

The building’s exterior is highly glazed with solar shading integrated into the building facades. 
Windows in the building are not operable due to the presence of laboratories on several floors.  

The building was designed as a “plug and play” shell building allowing for fit-out by tenants. For 
this reason, flexibility was important in the design. The building is serviced down its central 
corridors, with vertical exhaust shafts located at the perimeter of the building so as to maximize 
available floor space. 

The building’s mechanical systems were designed to be simple and efficient, using a “less is 
more” principle. Four pipe fan coil systems with variable air volume control were used 
throughout the building, and condensing boilers were used for high efficiency heating. Low-flow 
fume hoods were installed in the laboratory areas of the building, leading to significantly lower 
air change rates than typical for labs, and thus considerable energy savings. 

Building F was constructed in 2003 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 

An initial sustainability workshop was carried out for the building at the outset of the design 
process. During this workshop, a matrix of goals for the building was created. 

An integrated design process (IDP) was used in the design of this building, with architects and 
engineers consistently working together to make design decisions. The contractor was also 
involved in the IDP process, leading to a continued element of value engineering. Since the 
building design occurred within this team environment with all the key players at the table, it did 
not have to be redesigned several times based on new factors. Thus the design process for 
Building F was very efficient. 
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User group meetings were also held during the design process to guide design decisions. 

The goals for Building F included financial sustainability, leading to the design of simple, 
efficient systems. Indeed, construction of the building came in under budget and on time. 

The LEED certification process for the building was a challenge due to the construction 
subtrades’ lack of familiarity with the required LEED documentation. 

2.2.1 Design Goals 

The project’s aim to produce an environmentally conscious green building was developed in an 
initial Charrette at which goals and design scenarios were developed. A “less is more” principle 
of simple efficiency dominated the design of the building. 

The following five goals were identified by the design team during the BPE as guiding the 
design of Building F, leading to the implementation of the specific design strategies discussed in 
the next section. 

Goal #1: Energy Savings 

A major goal in the design of Building F was to minimize energy use as far as possible while 
providing a thoroughly comfortable building for occupants.  

An incentive from the Canadian Building Incentive Program (CBIP) was sought, with the goal of 
achieving the maximum CBIP grant available. Thus, energy model results demonstrating a 25% 
reduction over the Canadian Model National Energy Code for Buildings (MNECB) baseline were 
targeted. Since at the time the CBIP program had not defined a baseline for laboratory 
buildings, the building had to be compared to an office building without lab equipment, leading 
to an energy penalty in LEED.  

Goal #2: Reduced Water Consumption 

Reduced water use was aimed for in the design of the building, and LEED credits for Water 
Efficiency were sought. The strategies employed to address this goal are discussed in the next 
section. 

Goal #3: Access to Daylight 

The goal of creating a building with extensive daylighting was set during design. The LEED 
daylighting credit was pursued, with 75% of the workspaces in the building intended to have 
daylight access. 

Goal #4: High Quality Acoustic Environment 

A high quality acoustic environment was expected in the building due to the noise isolation 
strategies discussed in Section 2.2.2.  
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Goal #5: Optimized 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 F 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 Savings 

The “less is more” principle of design for the building led to the design of simple and efficient 
systems. Moreover, the capacity of these systems was not over-designed “just in case” in this 
building; instead, they were designed just to meet the anticipated maximum load. 

Low-flow fume hoods in laboratory areas were one of the major features leading to energy 
savings in the building; these fume hoods were estimated to reduce air change rates, and thus 
conditioning of ventilation air, by 50% in these spaces. 

Four pipe fan coil systems with variable air volume control and variable speed drives were 
designed in Building F. This technology is well-known to mechanical designers and is also 
energy efficient. These systems were designed with economizer capability, allowing for free 
cooling using outdoor air when climate conditions permit. 

The design team decided against using the district steam system available on the site, choosing 
instead to use natural gas and high efficiency condensing boilers for building heating. 

Goal #2: Reduced Water Consumption 

The goal of water conservation was pursued in the design of Building F by using low-flow 
fixtures, waterless urinals, and dual flush toilets. Based on LEED calculations, a 48% reduction 
in water consumption over the LEED baseline was predicted using these features. 

Goal #3: Access to Daylight 

During the design of the building, the window areas and floorplan depths in the building were 
considered for daylighting. Solar shading on the south façade, shade trees on the west façade, 
and blinds installed during tenant fit-out allow for control of glare and solar gain, complementing 
the daylighting strategy. 

While many spaces in Building F 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.  
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Goal #4: High Quality Acoustic Environment 

The mechanical systems designed for the building were by nature very quiet, thus lower 
background noise levels were expected in the building. Acoustic ceiling panels were used in the 
building and most spaces were carpeted, allowing for noise absorption. 

Since Building F was designed as a shell building, much of the acoustic quality inside tenant 
spaces is dependent on the equipment installed during tenant fit-out, which was not under the 
designers’ control. In particular, partitioning strategies employed during tenant fit-out have a 
large impact on noise isolation levels inside tenant spaces. 

Goal #5: Optimized Indoor Air Quality 

To achieve optimal indoor air quality, upgraded filters were used on the air handling units that 
serve the building. 

Use of low-flow fume hoods in Building F broke new ground in terms of energy savings in 
laboratory spaces, greatly reducing air change rates while maintaining optimal indoor air quality. 

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

 

2.3 RESULTS IN THE OCCUPIED BUILDING 

2.3.1 Building Commissioning 

Building F underwent fundamental systems commissioning for LEED, utilizing the traditional 
process whereby a third party contractor working for the mechanical contractor commissions the 
mechanical systems. The mechanical commissioning-related items were well documented 
under this process, however no envelope or lighting commissioning was performed. 

Use of a Commissioning Authority might have been beneficial for this project, as is now 
common under LEED. A Commissioning Authority, employed by the owner, would have 
involvement early in the design process, and would oversee the multi-disciplinary 
commissioning team during the commissioning process. Also, it would have been helpful had 
the commissioning process encompassed all three disciplines (architectural, electrical and 
mechanical), and had it begun as early as possible with the Commissioning Authority present 
during the IDP process. 

2.3.2 Building Operation 

The building operator operates the building so as to optimize occupant satisfaction and 
productivity. The operator makes use of an industry-standard DDC system on a regular basis to 
monitor building conditions. The DDC system is well liked by the operator, who noted however 
that remote access to this system would be helpful, and that lighting control is not provided by 
the DDC system. 
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The building is occupied from 7am to 8pm, with most occupants working from 8am to 4:30pm 
and the schools in the building letting out at 3pm. 

According to the building operator, the heating, ventilation and air conditioning systems in the 
building are operated at constant setpoints of 22°C in heating mode and 24°C in cooling mode, 
24 hours a day and seven days a week. The operator noted that energy consumption would be 
improved if the systems were not run 24/7, but this is felt to be necessary due to the labs in the 
building. When asked whether lab floors could be controlled separately so that systems on other 
floors could be turned off at night, the operator noted that floor-by-floor control was not possible. 

On the whole, the operator felt Building F was practical in its operation. Occupant complaints 
tend to centre around keycard entry problems or elevator problems, temperature change 
requests, or problems with cleanliness in the first floor washrooms. These washrooms are used 
by customers from the café in the building, which does not have its own washroom, and is open 
longer hours than the rest of the building. Since these washrooms are only cleaned during the 
regular occupied hours of the building, concerns arise about cleanliness in these washrooms. 

According to the operator, there are no specific problem areas for indoor air quality or noise 
issues in the building. No complaints relating to the low-flow laboratory fume hoods have been 
made to the operator. In terms of temperature control, however, some tenant fit-out areas seem 
to have been zoned inappropriately, with offices on the same thermostat as classrooms, 
resulting in cold temperatures in these offices when the classrooms are occupied. However, 
these problems are not associated with the base building design. 

2.3.3 Disparity between Design and Occupied Building 

Building F was designed as a shell building for tenant fit-out. While the capability for lab systems 
was designed into the building, the exact usages of the tenant areas were not known prior to 
construction.  

As mentioned previously, even given this uncertainty about tenant usage of the building, the 
systems in Building F were designed for the anticipated peak loads in the building, without any 
over-design “just in case”. This design philosophy helped to achieve efficient building systems at 
reduced capital cost. In operation, the capacity designed for the building’s systems has been 
proven adequate, and no major changes have been required to the base building’s systems 
since occupancy. 

Tenant fit-out design was carried out by many different design teams, some more sustainability-
minded than others, and some with larger budgets than others. The Building Performance 
Evaluation of Building F assesses only the design goals for the overall building, however the 
effect of tenant fit-out decisions is seen in many of the measured results. 

2.3.4 Occupant Satisfaction Survey  

The evaluation of Building F included use of the Center for the Built Environment’s (CBE) Indoor 
Environmental Survey, as discussed in Section 1.2.2. The survey was customized to include the 
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CBE’s optional sections on washrooms, cleanliness and maintenance, safety and security, and 
common conference rooms. The complete survey with responses is included in Appendix 3.2. 

The building was divided into three zones that were shown in the survey. Occupants were 
asked to locate themselves in one of these zones, and also to specify on which floor their 
workspace was located, 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. 

Ninety-five people participated in the web-based occupant satisfaction survey, which was 19% 
of the invited responses. This response rate was considerably lower than targeted, however 
there were enough responses for the survey results to be reported upon as the conditions of 
anonymity were met. Because of the low response rate, however, survey results should not be 
viewed as necessarily representative of all of the occupants in the building. 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. This being said, survey results were 
included in the BPE analysis in order to give an indication of some of the responses obtained for 
the building. 

The majority of survey respondents (71%) had worked in their present workspace for over a 
year. Sixty-one percent of respondents were female; 72% were over 30 years of age, and 84% 
said they worked in an office as opposed to a classroom or research lab.  

 

Figure 1: Survey Results for Building F versus CBE average 
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Figure 1 shows the results generated from responses for Building F (diamond shapes) as well 
as results from the CBE’s pooled data from over 31,000 occupant responses in 240 buildings 
(squares); the latter can be considered the average for office buildings.   

As can be seen from the graph, the building rated above the CBE average in almost every 
category. All categories had satisfaction scores above zero, meaning on average survey 
respondents were satisfied with each category. Satisfaction with cleanliness and maintenance in 
the building was slightly lower than the average, relating in part to concerns with cleanliness of 
the washroom on the ground floor used by café customers. Satisfaction with office layout, office 
furnishings, and lighting were high. Satisfaction with acoustic quality was considerably higher 
than the average, which is a notable success for this green 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. 

2.3.5 Results of Key Design Strategies 

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

Goal #1: Energy Savings 

As described in Section 2.3.6.1, the actual energy consumption in Building F exceeded the 
values from the energy simulation primarily due to radically different operations schedules than 
what was modeled. The fact that the building’s systems are set to meet constant temperature 
setpoints 24 hours a day and seven days a week, whereas the energy model assumed setback 
temperatures for evenings and weekends, explains most of the discrepancy between the actual 
and modeled energy consumption results. 

Despite the difference between modeled and actual energy results, a comparison between 
Building F and the building across the street, which has very similar occupancy and usage but 
less efficient systems, shows that the cost of energy for Building F in 2005 is 25% lower than 
that of the neighbouring building in the same year. This indicates the success of the energy 
savings strategies such as low-flow fume hoods and simple, efficient mechanical systems used 
in Building F. 

Goal #2: Reduced Water Consumption 

As discussed in Section 2.3.6.2, water consumption in Building F is very low compared to 
average office buildings, and consumption over the year 2005 was even lower than estimated 
by LEED calculations. The predicted water consumption calculated during design was 
16 L/occupant/day, whereas during the year 2005 actual water consumption was roughly 
12 L/occupant/day based on an assumed regular occupancy of 488 people as estimated by the 
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building owner. Therefore, the targets for reduced water consumption were met and exceeded 
using the low-flow fixtures, dual flush toilets, and waterless urinals in the building. 

Figure 2 shows the educational signage that is posted above the waterless urinals in the men’s 
washrooms, indicating the volume of water saved annually with these urinals. 

 

Figure 2: Waterless urinals and signage above urinals in Building F 
 
In regards to occupant satisfaction with the washroom fixtures in the building, 58% of 
respondents to the occupant satisfaction survey indicated that they were satisfied with these 
fixtures. Of those who were unsatisfied, the most frequently noted concerns were with regards 
to cleanliness in the washrooms, relating primarily to the condition of the ground level 
washrooms used by café customers. In addition to this issue, many male respondents were 
unhappy with the waterless urinals in the building, and there were also concerns expressed with 
splashing and odour from the dual flush toilets as well as from the urinals. 

From a maintenance perspective, problems have arisen with plugging of the dual flush toilets.  

Goal #3: Access to Daylight 

According to the design team, many tenants in the building do not turn their lights on during 
sunny days because of the effectiveness of the daylighting strategy. While this was not directly 
observed on the day that lighting measurements were taken for the BPE, it was noted that very 
few occupants use task lighting, showing that overall light levels are perceived to be adequate 
for most occupants. 

Since daylighting sensors are not installed in this building to control electric lighting based on 
natural light levels, energy conservation is only linked to daylighting if occupants decide to turn 
off their overhead lights on bright days. 
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Although survey participants were not asked directly about their satisfaction with the daylighting 
in the building, 81% of respondents indicated that they were satisfied with the amount of light in 
their workspace. Of those who were not satisfied, desire for more daylight was common in 
respondents who worked away from perimeter areas. Eighteen percent of respondents (16 
people) expressed the desire for more daylight, indicating that 82% of respondents were 
satisfied with the amount of daylight in the building. Given that the goal for daylighting was that 
75% of workspaces have access to daylight, this occupant response suggests that the 
daylighting target is being met. 

“Snapshot” light level measurements taken on a November day during the Building Performance 
Evaluation period indicate that most spaces measured have ample light for the tasks being 
performed. In many areas on the second and third floors, light levels were higher than the 
recommended benchmarks, and glare existed in some locations. A few locations on the first 
floor of the building had lower than benchmark lighting levels. The fifth and sixth floors of the 
building were not made accessible to the BPE team for measurements. On the sunny day of 
sampling, blinds did not appear to be used frequently by occupants to control glare.  

It is important to note that tenant fit-out design decisions have had a large influence on the 
measured lighting levels in the building. 

Light level sampling data from the day of measurement is found in Appendix 3.3.4. It is 
important to note that these “snapshot” samples do not definitively describe the overall lighting 
conditions in the building. 

Goal #4: High Quality Acoustic Environment 

In most spaces where acoustical measurements were taken in Building F, noise levels and 
reverberation times were within benchmark ranges, due to the acoustic treatment provided by 
suspended ceilings, carpets, and open office partitions. 

At the sample locations along the central axis of the building, low-frequency noise from the air 
systems was louder than benchmarks. In perimeter areas however, this noise level was well 
within the benchmark range. In some areas where the tenants’ office demising walls only 
extended to the acoustical ceiling, noise isolation levels did not meet benchmarks. Indeed, 
occupants in these spaces, particularly in the school areas, expressed concern that private 
conversations could be overheard outside their offices. This concern was not shared in areas 
where office demising walls extended all the way to the floor above. This issue demonstrates 
the influence of tenant fit-out designs on the acoustic performance of the building. 

Acoustic measurement data from the day of measurement is found in Appendix 3.3.3. It is 
important to note that these “snapshot” samples do not definitively describe the overall acoustic 
conditions in the building. 

Occupant survey responses relating to acoustics indicated that 75% of respondents were 
satisfied with acoustics in the building. This was higher than the average CBE database 
acoustic satisfaction rating (67%) for acoustics in both green and non-green buildings. Of those 
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respondents who were unsatisfied with acoustics, acoustic privacy in open office areas was the 
main concern. Dissatisfaction with acoustics in open plan offices is widespread, particularly in 
occupants who have previously worked in private offices, demonstrating and attitude towards 
acoustics privacy that is difficult to change. 

Goal #5: Optimized Indoor Air Quality 

On the whole, occupants of Building F appear satisfied with air quality in the building, with 66% 
of occupants expressing satisfaction with this aspect of the building’s performance.  

On the day sample air quality measurements were taken, most areas of the building had air 
quality well within benchmark ranges, with CO2 levels appropriately controlled and volatile 
organic compound (VOC) levels low in all measured locations. A few locations on the ground 
floor had ultrafine particulates (caused by smoke or vehicle exhaust) in higher concentrations 
than the norms during the morning of measurement. 

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 
Building F. 

 

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 F, 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 30% lower than the MNECB baseline, at 248 kWh/m2/year. It is 
important to note that CBIP analysis often uses standardized schedules of operation and 
equipment loads, and is also somewhat limited in the selection of systems, 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 gas and electricity were provided by the owner for this 
building, and were compared to the CBIP model predicted values. Detailed energy consumption 
data for Building F is found in Appendix 3.4.1.  

Many factors in the actual operation of the building were different than modeled. These factors 
must be reconciled before a comparison of predicted and actual energy values can be made. 

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 
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Building Performance Evaluation. In the case of Building F, the actual hours of operation are 
longer than was anticipated during design, and moreover mechanical system operation is 
continuous without night or weekend setbacks.  

In the Table below, some order of magnitude estimates are made of the effect incorporating 
these 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, and as such they are “order of magnitude” only. 

The energy use in the tenant areas of Building F is also dependent on tenant fit-out decisions. 
This plays a major role in the difference between predicted and actual energy consumptions. 

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

Building Use / 
Operation 

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

System 
Operating hours 

55 hours per week 
(7am – 6pm), with 
night/weekend setback 

168 hours per week (24 
hours/day, 7days/week) 

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

Equipment 
Loads 

Standard office 
equipment loads 
(<1 W/ft2) 

High equipment loads in 
lab areas  (>1.5 W/ft2 in 
some areas) 

Minor energy increase  

Other Factors  
Effect of actual conditions 
on energy model results 

Climate 
variations 

Actual climate variations compared to statistically 
averaged weather 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 
(year 2005) 

Effect of actual conditions 
on energy model results 

Annual Energy 
Consumption 

248 kWh/m2/year 413 kWh/m2/year 

 

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

An interest was expressed by the owner in comparing the energy consumed in Building F to that 
of the building across the street, which has the same owner and similar tenant types, but uses 
older, less efficient systems. For the year 2005, the energy cost for Building F building 
amounted to 75% of the energy cost for this neighbouring building. The energy costs per square 
metre floor area for the neighbouring building and Building F are shown in Figure 3 based on 
the utility bills for the year 2005. 

Energy Cost per m2 of floor area, year 2005
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Figure 3: Energy Costs per square metre for 2005, Building F and Neighbouring Building  
 
2.3.6.2 Water Use 
 
As described in Section 2.3.5, water consumption in Building F is very low compared to average 
office buildings, and consumption over the year 2005 was even lower than estimated by LEED 
calculations. The predicted water consumption calculated during design was 16 L/occupant/day, 
whereas during the year 2005 actual water consumption was roughly 12 L/occupant/day based 
on an assumed regular occupancy of 488 people as estimated by the building owner. 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).1 

Water consumption data for Building F is found in Appendix 3.4. 

                                                 
1 Steele, Alfred. Advanced Plumbing Technology. Elmhurst: Construction Industry Press, 1984, p 155. 
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2.3.7 Thermal Comfort Measurements 

The BPE team assessed thermal comfort conditions in Building F as part of the building 
evaluation. During the rainy November day on which thermal measurements were taken, the 
majority of spaces assessed had air temperatures in the range of 22 - 23°C, and were within 
1°C of setpoints. These somewhat high temperatures for winter operation may not be indicative 
of normal winter conditions, since seasonal boiler startup occurred a few days before 
measurements were taken. It is probable that setpoint adjustments for winter operation were not 
yet complete at the time of sampling. 

From among the sampling locations, an issue was found in one tenant office where a classroom 
and an office were in the same thermostatic zone. As the thermostat was located in the 
classroom, problems of overcooling in the office arose when the class was occupied. This 
zoning issue stems from the tenant fit-out design. 

Thermal sampling 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 comfort 
conditions in the building, particularly since they were taken shortly after seasonal boiler startup. 

Sixty-one percent of survey respondents were satisfied with thermal comfort in the building, 
compared to the CBE average rating of 58% for thermal comfort. 

 

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. 

Goal #1: Energy Savings 

While the energy consumption in actual operation for Building F exceeded energy model results, 
comparison with a similar neighbouring building showed that Building F’s annual energy costs 
were 25% below those of the other building. This indicates the success of the mechanical 
systems and particularly the low-flow fume hoods in achieving energy savings. 

The comparison between predicted and actual energy consumptions in this building 
demonstrates the huge impact that building operation decisions have on the achievement of 
energy conservation targets. While the energy model was based on the building being operated 
with setback temperatures for nights and weekends, the building is actually maintained at 
constant temperature setpoints because this is felt to be required for the labs. A simple 
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operations measure like this one can have a larger effect on actual energy consumption in a 
building than many sustainable design strategies.  

Similarly, decisions made during tenant fit-out can heavily influence energy results. For green 
building projects where tenant fit-out designs occur, the design team suggested that a document 
outlining the building’s sustainable design principles should be given to tenant fit-out designers, 
so that their designs can be coordinated with these goals and principles. 

A lesson learned by designers of Building F was that the installed capacity for the building, 
which was not oversized “just in case” was sufficient in operation of the building with its current 
tenants. 

Goal #2: Reduced Water Consumption 

The low-flow fixtures, waterless urinals and dual flush toilets installed in Building F were very 
effective at reducing water consumption in the building. Indeed, water consumption for the year 
assessed in the BPE was even lower than predicted during design. 

However, maintenance issues with the dual flush toilets and waterless urinals arose in this 
building. The owner was not satisfied with the performance of these fixtures, and the design 
team felt they learned a valuable lesson about their use. The lead mechanical and plumbing 
designer felt that the problems encountered with the dual flush toilets arose because the 
standards set in the current plumbing code are not appropriate for low-flow toilets. Because the 
plumbing code assumes standard flow rates, plumbing systems designed to meet this code can 
run into problems with low flow fixtures. The need for a new set of design standards for low-flow 
fixtures was discussed; in the absence of such a standard, the mechanical designer 
recommended that plumbing systems be designed much more conservatively when low-flow 
toilets are used. 

In regard to the waterless urinals in the building, occupant complaints of splashing and odour 
were common. Though timely cartridge replacement is essential for theses urinals, even when 
this occurs it appears many occupants in Building F are unsatisfied with the urinals. This may be 
due to poor design of these particular urinals, or simply to occupant reservations about this 
unfamiliar technology. According to the design team, the perception issue with waterless urinals 
was “insurmountable”. 

Goal #3: Access to Daylight 

For the most part, the goal of making daylight available in 75% of workspaces in the building 
was achieved using the strategies employed. Since Building F was designed as a shell building 
for tenant fit-out, much was dependant on the partitioning strategies used by each tenant. The 
impact of tenant fit-out on the actual operation of the building was a lesson that applied to this 
goal among others. 

During the Building Performance Evaluation designers’ wrap-up meeting, the subject of 
guidelines for tenant fit-out was discussed. The team recommended that for LEED buildings and 
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other green buildings, a summary page of design guidelines should be given to tenant fit-out 
designers, along with a summary of the building’s sustainable goals and design intents, to 
ensure that these intents are adhered to during tenant fit-out. 

Several ideas were discussed by the design team in relation to occupant education about 
lighting use. Encouraging occupants to turn out lights when sufficient natural light is present in 
their workspace, and to use task lighting to supplement this natural light when needed, would 
help reduce electrical lighting energy.  

Alternatively, use of daylighting sensors to control electric light in response to natural light would 
have helped to reduce lighting energy consumption, complementing the daylighting strategy in 
Building F. 

Goal #4: High Quality Acoustic Environment 

While the strategies applied in this building to optimize acoustic quality were fairly standard, 
they were effective at keeping noise levels and reverberation times within benchmark ranges in 
most areas of the building. The fact that acoustic quality was rated much higher in this building 
than the CBE database average of over 240 green and non-green buildings attests to the 
successful implementation of acoustic strategies in Building F. 

Areas with significant noise isolation concerns seemed to be limited to offices with demising 
walls that extended only to the suspended acoustical ceiling, allowing flanking of sound above 
this ceiling. This issue relates to tenant fit-out design and not to the shell building design. The 
design lesson about passing on design guidelines to tenant fit-out designers would also apply to 
the issue of acoustics. 

Goal #5: Optimized Indoor Air Quality 

The lesson for the design team relating to air quality was that the building’s systems were 
effective in keeping air quality levels within benchmark ranges in most areas. The locations on 
the first floor where higher than benchmark levels of ultrafine particulate were found in the 
morning on the day of measurement indicate the presence of smoke or car exhaust from 
outdoors. The cause of this was not determined during the Building Performance Evaluation, but 
it could be as simple as the presence of open doors near these areas. 

 

The Building Performance Evaluation matrix in Appendix 3.1 summarizes the key design goals 
for Building F, 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 F

Sustainable Sites  - - - - - - - - - - -

Water Efficiency
Domestic Water 

consumption

Reduced water 

consumption
-

Low-flow fixtures, waterless 

urinals and dual-flush toilets

Standard flow 

fixtures

16 L/occupant/day based 

on LEED calculations

12 L/occupant/day based 

on owner's assumed 

occupancy

76 L/occupant/day                

[ASPE standard water use 

estimate]

Customers from the café on the 

ground floor of the building use 

washroom during extended hours, 

this was not known during design; 

cleaning challenges have resulted.

58% of respondents 

satisfied with washrooms 

fixtures; waterless urinals 

and dual flush toilets a 

concern, cleanliness and 

maintenance a concern

"Less is more" principle of 

simple systems without 

"overdesigning just in case"

- - -

The designed system capacities have 

been adequate for tenants. Any 

"overdesign" of system size would not 

have been used.

Economizer capability ("free 

cooling" by using up to 100% 

outdoor air)

- - -

Low-flow fume hoods for lab 

areas; reduced air change 

rates

Standard-flow fume 

hoods
- -

Low lighting power, daylighting 

(no daylight sensors)
-

81% of respondents 

satisfied with lighting, CBE 

database average is 85% 

satisfaction with lighting; 

desire for more daylight 

was common *

Reduction in lighting energy 

consumption is not assured 

without daylight sensors, since 

electric lighting does not 

respond automatically to 

daylight
Solar shading on south façade - - -

Materials and 

Resources
- - - - - - - - - - -

Building Performance Evaluation pilot 

study did not directly evaluate this 

topic

Lighting

Low electric lighting 

levels due to 

daylighting

Desired illuminance 

levels provided 

entirely by electric 

lighting

See Daylight and Views 

section below
-

Illuminance levels of 650 

lux at work surfaces

"Snapshot" measurements 

of lighting conditions 

indicate excursions both 

above and below 

benchmarks in certain 

areas

Illuminance levels of                     

200 - 500 lux based on 

tasks

Lighting levels in tenant areas were 

influenced by tenant fit-out design, 

which was different for each tenant.

81% of respondents 

satisfied with lighting, CBE 

database average is 85% 

satisfaction with lighting; 

18% of respondents desire 

more daylight *

Reduction in lighting energy 

consumption is not assured 

without daylight sensors, since 

electric lighting does not 

respond automatically to 

daylight

Use of task lighting should be 

encouraged for consistent lighting 

levels at lower energy.                                      

Occupants should be encouraged to 

turn off lights when they are not being 

used; according to designers some 

tenants do this.

Thermal Comfort
Meeting ASHRAE 55 

requirements

Meeting ASHRAE 55 

requirements

Systems designed to meet 

standard air temperature 

setpoints

-

Air temperature setpoints 

of 22°C in winter, 24°C in 

summer

"Snapshot" measurements 

of thermal conditions on a 

rainy November day 

indicated majority of 

spaces at 23°C; seasonal 

boiler startup adjustments 

in process during time of 

measurements

Air temperature setpoints 

of 22°C in winter, 24°C in 

summer

Thermal measurements were taken 

shortly after seasonal boiler startup 

(a time when adjustments are often 

made), therefore they may not be a 

representative sample.                                                             

Tenant fit-out design influenced 

zoning, which in one sample location 

led to thermal comfort concerns (see 

report).

61% of respondents 

satisfied with 

temperatures, CBE 

database average is 58% 

satisfaction with 

temperatures; concern that 

one's own area is hotter or 

colder than others was 

common *

-

Information from pilot study was 

insufficient to draw conclusions about 

temperature, however respondents to 

the occupant satisfaction survey were 

more satisfied with thermal comfort 

than the CBE database average.

Large areas of glazing -

Design of floorplan depths 

considered daylighting
-

Internal blinds and external 

shading on south to control 

glare

-

Glare present at many 

workspaces; minimal use 

of blinds was observed

Optimal air filtration -
Upgraded  filtration media on 

air handling units
Standard filters -  - 

CO2 monitoring in meeting 

rooms to control ventilation
- - -

Low-flow fume hoods
Standard-flow fume 

hoods
-

Use of low-flow fume hoods 

significantly reduces energy 

consumption by lowering air 

change rate

Indoor 

Environmental 

Quality

18% of respondents (16 

people) indicated that they 

desired more daylighting. 

None of these 

respondents work near a 

window. This is consistent 

with the goal of having 

75% of spaces daylit. *

Illuminance levels of 650 

lux at work surfaces

200 - 500 lux based on 

tasks
Daylight and Views

75% of workspaces 

daylit per LEED credit

Indoor air quality

Low levels of CO2 and 

volatile organic 

compounds (VOC)

"Snapshot" measurements 

of air quality were within 

benchmark ranges in most 

locations, with the 

exception of higher 

ultrafine particulate 

(smoke or vehicle exhaust) 

concentrations in one area 

of the first floor

Provide optimal indoor 

air quality with 

designed energy 

conservation 

strategies

-

LEED CATEGORY MEASURED VALUES

Energy 

consumption

25% energy savings 

over MNECB, or better          

Approximately 

meeting MNECB 

requirements

STRATEGY
STANDARD 

PRACTICE GOAL

Energy and 

Atmosphere

COMPONENT

STANDARD 

PRACTICE 

STRATEGY

PREDICTED VALUES

Comparison with 

neighbouring building, 

energy cost of Building F 

is 25% less

GOAL

30% energy savings over 

MNECB based on CBIP 

model

Energy intensity of                 

413 kWh/m2/year in 2005             

Conventional plumbing design based 

on the current plumbing code is not 

appropriate for low-flow toilets; system 

must be designed for lower flows and a 

new standard is needed.                                                     

Perception issue with waterless urinals 

is not easily surmounted.

BENCHMARKS

OCCUPANT 

SATISFACTION 

SURVEY *                         

(see footnote)

DESIGN LESSONS LEARNED 
TRADEOFFS OR 

SYNERGIES 

COMMENTS / DIFFERENCES 

BETWEEN DESIGN AND 

OCCUPIED BUILDING

Building Performance Evaluation pilot 

study did not directly evaluate this 

topic

Reduction in water use is 

achieved, however in this 

building there are concerns 

regarding maintenance of 

waterless urinals and plugging 

of dual-flush toilets

Air quality levels of             

CO2: 600-1000ppm                              

Ultrafine particulate < 0.2                          

VOC < 300ppb

-

"Snapshot" measurements 

of lighting conditions 

indicate excursions both 

above and below 

benchmarks in certain 

areas

A document outlining the sustainable 

principles of the green building should 

be prepared and followed by tenant fit-

out designers.                                                      

Operations decisions can be 

responsible for large differences 

between modeled and actual energy 

results.

Building was designed as a shell 

plug-and-play building with the 

capacity for labs, for tenant fit-out. 

System sizes have been adequate 

for tenants.                                                                                                                               

Several of the tenant fit-out projects 

were carried out by other design 

teams who may not have been 

aware of sustainability goals.                                                                         

Actual operation of systems 

maintains constant setpoints, in 

constrast to the setback 

temperatures modeled.                                           

Energy modelling for CBIP was a 

challenge due to inability to compare 

to a lab building as a baseline.

Evidence from the BPE suggests 

design strategies used to optimize 

indoor air quality were effective in 

most locations.

Tenant fit-out design can help or 

hinder achievement of goals for a 

building.  A document outlining the 

design principles for the building 

should be prepared and followed by 

designers of tenant fit-out projects.        

Large windows and increased 

ratios of envelope area to 

building volume are effective 

for daylighting but also lead to 

increased heating and cooling 

loads

Daylight access in tenant areas was 

influenced by tenant fit-out design, 

which was different for each tenant.

66% of respondents 

satisfied with air quality, 

CBE database average is 

67% satisfaction with air 

quality; perception of stale 

air a concern for 26% of 

respondents (23 people) *



Table 1: Building Performance Evaluation Matrix for Building F

LEED CATEGORY MEASURED VALUESSTRATEGY
STANDARD 

PRACTICE GOAL
COMPONENT

STANDARD 

PRACTICE 

STRATEGY

PREDICTED VALUESGOAL BENCHMARKS

OCCUPANT 

SATISFACTION 

SURVEY *                         

(see footnote)

DESIGN LESSONS LEARNED 
TRADEOFFS OR 

SYNERGIES 

COMMENTS / DIFFERENCES 

BETWEEN DESIGN AND 

OCCUPIED BUILDING

Building Performance Evaluation pilot 

Mitigation of HVAC 

system noise
- Quiet HVAC systems -

"Snapshot" acoustic 

measurements indicated 

HVAC background noise 

in some areas was higher 

than benchmark range, 

see report

- -  - 

-
Noise-absorptive acoustic 

partitions
- - -

 - Acoustic ceiling panels, carpet

Acoustic ceiling 

panels and carpet 

common

- -

Design Process
Integrated Design 

Process

Integrated design 

process

Traditional design 

process

Weekly or biweekly meetings 

of entire project team to make 

design decisions

Segregation of 

design tasks and 

decisions between 

disciplines

- - - - -

Integrated design process 

circumvented the need for 

design iterations. Involvement 

of contractor allowed 

continuous value engineering 

process. These benefits 

enabled the building to be built 

on time and under budget.

Green buildings can be built on time 

and within a traditional budget.                                       

LEED certification process was 

learned  by most members of design 

team.                                                     

* Occupant Satisfaction Survey achieved a response rate of 19%, whereas 50% was targeted. See report for discussion on significance of results.

Tenant fit-out design can help or 

hinder achievement of goals for a 

building.  A document outlining the 

design principles for the building 

should be prepared and followed by 

designers of tenant fit-out projects.

Acoustic quality

Noise reduction in 

open plan areas

Acoustic levels of                   

NC30-40 dB                     

RT<0.75 s                        

SII:0.2-0.7                          

NIC30-40 dB

Indoor 

Environmental 

Quality (cont'd)

-
"Snapshot" acoustic 

measurements indicated 

most areas were within 

benchmark ranges, with 

some exceptions where 

demising walls extended 

only up to suspended 

acoustical ceiling

75% of respondents 

satisfied with acoustics, 

CBE database average is 

62% satisfaction with 

acoustics; lack of acoustic 

privacy in open offices a 

concern *
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3.2 OCCUPANT SATISFACTION SURVEY RESULTS 

 





Background   

 

1.1 Which organization agency/department do you work for?

 

 
 

 

 

1.2 How many years have you worked in this building?

 

Filters are : OFF Filters are : OFF Filters are : OFF 
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1.3 How long have you been working at your present workspace?

 

 
 

 

 

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

 

 
 

 

 

1.5 How would you describe the space you work in? (check all that apply)
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View 
'Other:' 
responses

 

 

1.6 What is your age?

 

 
 

 

 

1.7 What is your gender?

 

 
 

 

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

 

 
 

 

 

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

 

 
 

 

 

2.5 Are you near a window (within 15 feet)?
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back next
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Personal Workspace Description   

 

3.1 Which of the following best describes your personal workspace?

 

View 
'Other: ' 
responses 

 
 

 

  

back next
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Office Layout   

 

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

 

View follow-up question for dissatisfied 
occupants

 

 

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

 

View follow-up question for dissatisfied 
occupants

 

 

4.3 How satisfied are you with ease of interaction with co-workers?
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View follow-up question for dissatisfied 
occupants

 

 

4.4 Overall, does the office layout enhance or interfere with your ability to get your job done?

 

 

 

4.5 Please describe any other issues related to the office layout that are important to you.

 

View responses for this question
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Ease of Interaction   

 

Percentages based on the number of those respondents who, because of their response to an 
earlier question, saw this page.

 

7.1 You have said that you are dissatisfied with the ease of interaction with co-workers. Which of the 
following contribute to your dissatisfaction?  (check all that apply)

 

View 
'Other:' 
responses 

 

  

back next
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Available Space   

 

Percentages based on the number of those respondents who, because of their response to 
an earlier question, saw this page.

 

5.1 You have said that you are dissatisfied with the amount of space available for individual 
work and storage. Which of the following contribute to your dissatisfaction? (check all that apply)

 

View 
'Other:' 
responses 

 

  

back next

 
All contents copyright © 2000-2006 The Regents of the University of California. All rights reserved. 

Revised: September 25, 2006

Filters are : OFF 

Page 1 of 1CBE Survey: Available Space (0-1878-0)

10/23/2006http://www.cbesurvey.org/CBESurvey/Instrument1667/availablespace.asp?report_user_i...



Visual Privacy   

 

Percentages based on the number of those respondents who, because of their response to an earlier 
question, saw this page.

 

6.1 You have said that you are dissatisfied with the level of visual privacy. Which of the following 
contribute to your dissatisfaction?  (check all that apply)

 

View 
'Other:' 
responses

 

  

back next
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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?

 

 

 

8.5 Please describe any other issues related to office furnishings that are important to you.

 

View responses for this question
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Thermal Comfort   

 

9.1 Which of the following do you personally adjust or control in your workspace? (check all that apply)

 

View 
'Other:' 
responses 

 

 

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

 

View 
follow-up 
question 
for 
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dissatisfied 
occupants

 

 

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

 

 

  

back next
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Temperature   

 

Percentages based on the number of those respondents who, because of their response to an earlier 
question, saw this page.

You have said that you are dissatisfied with the temperature in your 
workspace. Which of the following contribute to your dissatisfaction? 

 

10.1 In warm/hot weather, the temperature in my workspace is: (check all that apply)

 

 

 

10.2 In cool/cold weather, the temperature in my workspace is: (check all that apply)

 

 

 

10.3 When is this most often a problem? (check all that apply)
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View 
'Other:' 
responses

 

 

10.4 How would you best describe the source of this discomfort? (check all that apply)

 

View 
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'Other:' 
responses

 

 

10.5 Please describe any other issues related to being too hot or too cold in your workspace.

 

View responses for this question

 

  

back next
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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)?

 

View follow-up question for dissatisfied 
occupants

 

 

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

 

 

  

back next
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Air Quality (continued)   

 

Percentages based on the number of those respondents who, because of their response to 
an earlier question, saw this page.

You have said that you are dissatisfied with the air quality in your 
workspace. Please rate the level of each of the following problems: 

 

12.1 Air is stuffy/stale

 

 

 

12.2 Air is not clean

 

 

 

12.3 Air smells bad (odors)
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12.4 If there is an odor problem, which of the following contribute to this problem? (check all that 
apply)

 

View 
'Other:' 
responses 

 

 

12.5 Please describe any other issues related to the air quality in your workspace that are 
important to you.

 

View responses for this question
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Lighting   

 

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

all that apply)

 

View 'Other:' 
responses 

 

 

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

 

View follow-up 
question for 
dissatisfied 
occupants

 

 

13.3 How satisfied are you with the visual comfort of the lighting (e.g., glare, reflections, 
contrast)?
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View follow-up 
question for 
dissatisfied 
occupants

 

 

13.4 Overall, does the lighting quality enhance or interfere with your ability to get your job 
done?

 

 

  

back next
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Lighting (continued)   

 

Percentages based on the number of those respondents who, because of their response to an 
earlier question, saw this page.

 

14.1 You have said that you are dissatisfied with the lighting in your workspace. Which of the 
following contribute to your dissatisfaction? (check all that apply)

 

View 
'Other:' 
responses 

 

 

14.2 Please describe any other issues related to lighting that are important to you.

 

View responses for this question

 

  

back next
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Acoustic Quality   

 

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

 

View follow-up question for 
dissatisfied occupants

 

 

15.2 How satisfied are you with the sound privacy in your workspace (ability to have 
conversations without your neighbors overhearing and vice versa)?

 

View follow-up question for 
dissatisfied occupants

 

 

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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Acoustic Quality (continued)   

 

Percentages based on the number of those respondents who, because of their response to an 
earlier question, saw this page.

 

16.1 You have said you are dissatisfied with the acoustics in your workspace. Which of the following 
contribute to this problem? (check all that apply)

 

View 
'Other:' 
responses 

 

 

16.2 Please describe any other issues related to acoustics that are important to you.

 

View responses for this question

 

  

back next
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Cleanliness and Maintenance   

 

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

 

 

 

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

 

View follow-up question for dissatisfied 
occupants

 

 

19.3 How satisfied are you with general maintenance of the building?
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19.4 Does the cleanliness and maintenance of this building enhance or interfere with your 
ability to get your job done?

 

 

  

back next
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Cleaning Service   

 

Percentages based on the number of those respondents who, because of their response to an 
earlier question, saw this page.

 

20.1 You have told us that you are dissatisfied with the cleaning service provided for your workspace. 
How often do you have significant problems?

 

 
 

 

 

20.2 Which of the following contribute to this dissatisfaction? (check all that apply)

 

View 
'Other:' 
responses 

 

Filters are : OFF Filters are : OFF 

Page 1 of 2CBE Survey: Cleaning Service (0-1878-0)

10/23/2006http://www.cbesurvey.org/CBESurvey/Instrument1667/cleaningservice.asp?report_user_i...



 

20.3 Please describe any other issues related to cleaning and maintenance that are important to you.

 

View responses for this question
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Washrooms   

 

21.1 How often do you use the washrooms in your building?

 

 
 

 

 

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

 

View follow-up 
question for 
dissatisfied 
occupants

 

 

21.3 How satisfied are you with the cleanliness of the washrooms in your building?
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View follow-up 
question for 
dissatisfied 
occupants

 

 

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

 

View follow-up 
question for 
dissatisfied 
occupants

 

 

21.5 Overall, how satisfied are you with the washrooms in your building?
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View follow-up 
question for 
dissatisfied 
occupants
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Washrooms (continued)   

 

Percentages based on the number of those respondents who, because of their response to an earlier 
question, saw this page.

 

22.1 You have said that you are dissatisfied with the washrooms in your building. Which of the following 
contribute to your dissatisfaction? (check all that apply)
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View 
'Other:' 
responses

 

 

22.2 Please describe any other issues related to the washrooms that are important to you.
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View responses for this question

 

  

back next
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Safety & Security   

 

23.1 How satisfied are you with the safety of your workplace with respect to injury hazards or 
emergencies?

 

View 
follow-up 
question 
for 
dissatisfied 
occupants

 

 

23.2 How satisfied are you with your personal security (from theft or assault) in your workplace?

 

View 
follow-up 
question 
for 
dissatisfied 
occupants

 

 

23.3 How well informed do you feel you are about safety procedures (or emergency preparedness) 
in your workplace?
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23.4 What type of information have you received from your employer about safety procedures (or 
emergency preparedness) in your workplace? (check all that apply)

 

View 
'Other:' 
responses 
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Common Conference Room   

 

17.1 How satisfied are you with the availability of conference room when you need them?

 

View occupant comments 

 

 

17.2 How satisfied are you with the functionality of the conference room in the building?

 

View follow-up question for dissatisfied 
occupants

 

  

back next

 
All contents copyright © 2000-2006 The Regents of the University of California. All rights reserved. 

Revised: September 25, 2006

Filters are : OFF 

Page 1 of 1CBE Survey: Common Conference Room (0-1878-0)

10/23/2006http://www.cbesurvey.org/CBESurvey/Instrument1667/ConfAndTrainingRooms.asp?rep...



Common Conference Room(cont.)   

 

Percentages based on the number of those respondents who, because of their response to an 
earlier question, saw this page.

 

18.1 You have said that you are dissatisfied with the functionality of the conference room. Which 
of the following are problems? (check all that apply)

 

View 
'Other:' 
responses 

 

  

back next
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Building Performance Evaluation – Building F 

F-24  

3.3 EMPIRICAL DATA 

3.3.1 Indoor Air Quality Measurements 

Ten sites were selected on the first, second and third floors of Building F for evaluation of indoor 
air quality. Carbon dioxide, carbon monoxide, ultrafine particulate and composite volatile organic 
compounds (VOC) were evaluated in the morning and in the afternoon of November 1st, 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 major zone on the first three floors. Sampling was not 
permitted in the lab areas making up the top two 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 1
st
 floor samples 

 

1
st
  floor (n = 13) unit 1

st
 sample  

(10:40 – 11:40) 

2
nd

 sample 

 (1:50 – 2:35) 

Optimal 

Composite Volatile  

Organic Compounds (range)                                                

 

ppb 

 

3 – 104 

 

 

3 – 446 

 

 

< 300  

 

 

 

Ultrafine particulate:  

Indoor to outdoor (range)    

             

 

ratio 

 

0.13 – 1.37 

 

0.09 – 0.2 

 

0.2 

 

Aldehydes (additive ratios, 

24 hr sample) n=3 

 

ratio < 1 < 1 

 

CO2  (range) 

 

 

ppm 

 

647 – 932 

 

 

544 – 669 

 

 

395 – 1000 

 

 

Table 2: Selected parameters of indoor air quality from 2
nd

 floor 

 

2
nd

   floor (n = 4) unit 1
st
 sample  

(12:00 – 12:15) 

2
nd

 sample 

 (3:00 – 3:05) 

Optimal 

 

Composite Volatile  

Organic Compounds (range)   

                                                  

 

ppb 

 

39 - 120 

 

17 - 112 

 

< 300 

 

 

Ultrafine particulate:  

Indoor to outdoor (range)  

               

 

ratio 

 

0.14 – 0.18 

 

0.08 – 0.27 

 

0.2 

 

Aldehydes (additive ratios, 

24 hr sample) n=1 

 

ratio < 1 < 1 

 

CO2  (range) 

 

 

ppm 

 

713 - 774 

 

558 - 662 

 

367 – 1000 

 

 



Table 3: Selected parameters of indoor air quality from 3
rd

 floor 

 

3
rd

  floor (n = 11) unit 1
st
 sample  

(12:20 – 2:50) 

2
nd

 sample 

 (3:15 – 3:40) 

Optimal 

 

Composite Volatile  

Organic Compounds (range)   

                                                  

 

ppb 

 

< 1 – 154 

 

< 1 – 91 

 

< 300 

 

 

Ultrafine particulate:  

Indoor to outdoor (range)  

               

 

ratio 

 

0.06 – 0.17 

 

0.08 – 0.15 

 

0.2 

 

Aldehydes (additive ratios, 

24 hr sample) n = 3 

 

ratio < 1 < 1 

 

CO2  (range) 

 

 

ppm 

 

509 – 626 

 

489 – 631 

 

367 – 1000 

 



Building Performance Evaluation:  IAQ

Date: 1-Nov-06

Building: Building F Floor 1

Position:

Sample 1 Zone 1 Reception

Sample 2 Zone 1 Open office facing north

Sample 3 Zone 1 Interior office

Sample 4 Zone 3 Reception 

Sample 5 Zone 3 Open office in central location 

Sample 6 Zone 3 East facing private office 

Sample 7 Zone 3 East facing shared office 

Sample 8 Zone 3 Open office in central locaiton beside printer room

Sample 9 Zone 2 Open office, central area on inside

Sample 10 Zone 2 Private office, inside, central

Sample 11 Zone 2 Private office South facing corner

Sample 12 Zone 2 Private office West facing

Sample 13 Zone 2 Reception



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12 Sample 13

Time: 10:40 10:45 10:50 11:00 11:15 11:20 11:25 11:30 11:35 11:40 11:45 11:50 11:55

weather: sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny

fenestration: no windows open no windows no windows no windows open blinds 20% openno window no window no window blinds 30% openno windows no windows

ppbRAE 103 44 34 3 12 59 21 79 104 11 520 20 95

P-Track 1150 850 1010 1920 5720 6180 3570 8700 3270 1950 1480 2000 1980

CO2 932 731 684 647 743 711 823 722 822 789 742 776 840

CO 1.1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 1.1 1.3

Temperature 23.4 22.8 23 22.9 24.1 22.3 23.4 23.8 24.1 24 23.8 23 22.1

%RH 19.8 19.3 19 19.3 18.4 17.8 19 17.9 18.8 18.2 17.6 18.4 20.1

Aldehyde

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 395

P-track outdoor 6340 Temperature 10.7 %RH 34.2

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12 Sample 13

I:O P-track 0.18 0.13 0.16 0.3 0.9 0.98 0.56 1.37 0.52 0.31 0.23 0.32 0.31



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12 Sample 13

Time: 1:50 1:55 2:00 2:05 2:10 2:20 2:25 2:30 2:35 2:35 2:40 2:42 2:45

weather: sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny

fenestration: no windows open no windows no windows no windows open blinds 20% openno window no window no window blinds 30% openno windows no windows

ppbRAE 139 3 153 446 14 74 10 160 12 5 57 42 55

P-Track 602 600 540 1250 1150 928 830 906 647 560 496 510 975

CO2 621 590 606 650 580 544 666 590 653 669 594 630 716

CO 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1

Temperature 23.4 23.1 23.1 23.2 23.5 22.6 23.9 24.3 24.3 24.2 23.8 23.2 22.8

%RH 21 20.3 20.5 21.3 21.3 20.4 21.8 20.9 20.9 20.3 19.5 20.5 21.4

Aldehyde

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 395

P-track outdoor 6340 Temperature 10.7 %RH 34.2

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12 Sample 13

I:O P-track 0.1 0.1 0.09 0.2 0.18 0.15 0.13 0.14 0.1 0.09 0.08 0.08 0.15



Building Performance Evaluation:  IAQ

Date: 1-Nov-06

Building: Building F Floor 2

Position:

Sample 1 Zone 2 Reception 

Sample 2 Zone 2 Private office corner SW

Sample 3 Zone 2 Common room/meeting room

Sample 4 Zone 2 Private office facing west



Sample 1 Sample 2 Sample 3 Sample 4

Time: 12:00 12:05 12:10 12:15

weather: sunny sunny sunny sunny

fenestration: no windows blinds 50% no windows open

ppbRAE 62 39 65 120

P-Track 904 1040 1160 1020

CO2 774 723 713 726

CO 1.3 1.8 1.8 1.3

Temperature 23.1 23.4 23.5 23.9

%RH 20 19.1 18.5 18.9

Aldehyde

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 395

P-track outdoor 6340 Temperature 10.7 %RH 34.2

Sample 1 Sample 2 Sample 3 Sample 4

I:O P-track 0.14 0.16 0.18 0.16



Sample 1 Sample 2 Sample 3 Sample 4

Time: 3:00 3:05 3:05 meeting

weather: sunny sunny sunny

fenestration: no windows Blinds 30% openno windows

ppbRAE 33 17 112 N/A

P-Track 480 560 1660 N/A

CO2 662 625 558 N/A

CO 1.1 1.3 1.8 N/A

Temperature 21.1 22.9 23 N/A

%RH 24.4 23.4 24.4 N/A

Aldehyde

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 395

P-track outdoor 6340 Temperature 10.7 %RH 34.2

Sample 1 Sample 2 Sample 3 Sample 4

I:O P-track 0.08 0.09 0.27 N/A



Building Performance Evaluation:  IAQ

Date: 1-Nov-06

Building: Building F Floor 3

Position:

Sample 1 Zone 1 Reception

Sample 2 Zone 2 Private office facing west

Sample 3 Zone 3 Reception

Sample 4 Zone 3 Print Station

Sample 5 Zone 3 Central Computer Room

Sample 6 Zone 3 Open office against west wall

Sample 7 Zone 3 Private office facing south

Sample 8 Zone 3 Open office against East Wall

Sample 9 Zone 3 Private office facing east

Sample 10 Zone 2 Reception

Sample 11 Zone 2 Private office facing west

Sample 12 Zone 1 Print room



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12

Time: 12:20 12:30 12:35 12:45 12:50 12:55 1:00 1:05 1:10 2:45 2:50 2:45

weather: sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny

fenestration: open open no windows no windows no windows no windows blinds 50% openno window open no window open no windows

ppbRAE 154 24 4 18 68 38 65 60 47 16 0 83

P-Track 928 1010 1070 820 800 817 773 742 655 408 540 2190

CO2 549 602 568 581 585 554 574 607 626 509 535 501

CO <1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 1.1

Temperature 21.8 21.6 21.8 22.9 22.7 23 22.3 22.7 23.1 22.9 23.4 22.9

%RH 18.3 19.8 19.9 19.1 19 19 19 19.9 19.9 20.6 20 21.4

Aldehyde

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 395

P-track outdoor 6340 Temperature 10.7 %RH 34.2

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12

I:O P-track 0.15 0.16 0.17 0.13 0.13 0.13 0.12 0.12 0.1 0.06 0.09 0.35



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12

Time: 3:15 3:20 3:25 3:30 3:30 3:35 3:40 3:40 meeting 3:45 3:40 N/A

weather: sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny

fenestration: open open no windows no windows no windows no windows blinds 50% openno window no window open

ppbRAE 11 91 0 0 0 12 0 18 N/A 0 0 N/A

P-Track 499 517 979 821 958 929 730 755 N/A 538 718 N/A

CO2 528 505 521 517 502 497 520 631 N/A 489 499 N/A

CO <1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 N/A < 1 < 1 N/A

Temperature 21.8 22.3 22.1 22.5 22.7 22.9 22.6 22.6 N/A 23 23.4 N/A

%RH 22 21.4 21.9 21.7 21.2 21.2 20.7 21.6 N/A 21 20.5 N/A

Aldehyde

Outdoor measurments: (Take measurements near air intake)

VOC outdoor 0 CO2 outdoor 395

P-track outdoor 6340 Temperature 10.7 %RH 34.2

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12

I:O P-track 0.08 0.08 0.15 0.13 0.15 0.15 0.12 0.12 0.08 0.11
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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 measurement results for the ten sample locations, taken 
twice during the day to assess variability. The dry bulb temperature in the fifth column indicates 
the air temperature in each space. When there was a thermostat near the sample location, the 
rightmost column indicates the setting on the thermostat. 

 

 



Thermal Date: 2-Nov-06 Building: Building F

Loc'n # time (1st) weather Location
dry 

bulb

wet 

bulb

globe 

temp

WBG

T in

WBGT 

out
location/windows and environmental factors

Tstat 

reading

1 2:05 rain just stopped Floor 2 Zone 1 22 17 21.9 18.4 18.4
Rm 102, classroom, at desk by windows, unoccupied, North 

facing

1 3:57 grey sky Floor 2 Zone 1 21.4 16.1 21.4 17.6 17.6
Rm 102, classroom, at desk by windows, unoccupied, North 

facing
2 2:07 rain just stopped Floor 2 Zone 2 22.5 17.4 22.5 18.7 18.8 internal lobby space, no windows
2 3:53 grey sky Floor 2 Zone 2 22.6 16.6 22.6 18.3 18.2 internal lobby space, no windows
3 2:12 rain just stopped Floor 2 Zone 2 22.5 16.9 22.5 18.6 18.6 internal lobby space, no windows
3 3:51 grey sky Floor 2 Zone 2 21.5 16.4 22.4 18.2 2:24 internal lobby space, no windows
4 2:20 rain just stopped Floor 1 Zone 1 23.4 16.9 23.4 18.9 18.8 North facing, at window
4 4:03 grey sky Floor 1 Zone 1 23.5 17 23.6 18.9 0:00 North facing, at window
5 2:30 rain just stopped Floor 1 Zone 2 23.4 17.2 23.4 19.1 19.1 open plan area
5 4:07 grey sky Floor 1 Zone 2 23.6 17 23.6 18.9 18.8 open plan area

6 2:40 grey sky Floor 1 Zone 2 22.5 16.6 23.7 18.7 18.6
west facing office, near window, unoccupied dark office, on 

same Tstat as (7)
23

6 4:09 grey sky Floor 1 Zone 2 22.4 16.4 23.7 18.5 18.4
west facing office, near window, unoccupied dark office, on 

same Tstat as (7)
23

7 2:42 grey sky Floor 1 Zone 2 23.2 16.8 23.2 18.8 18.7
west facing office, 5' from window, office with Tstat on same 

zone as (6)
23

7 4:10 grey sky Floor 1 Zone 2 23.2 16.6 23.2 18.4 18.4
west facing office, 5' from window, office with Tstat on same 

zone as (6)
23

8 2:47 grey sky Floor 1 Zone 3 22.6 16.7 23.4 18.7 18.6 boardroom, internal, unoccupied, lights off, by Tstat 22

8 4:12 grey sky Floor 1 Zone 3 22.4 16.7 23.2 18.6 18.6 boardroom, internal, unoccupied, lights off, by Tstat 22

9 2:48 grey sky Floor 1 Zone 3 23 17.2 23.1 19 19 internal open plan office, by Tstat, Tstat turned up to max 23

9 4:15 grey sky Floor 1 Zone 3 22.8 16.6 23 18.6 18.6 internal open plan office, by Tstat, Tstat turned up to max 23

10 2:57 grey sky Floor 3 Zone 1 22.8 16.6 22.8 18.4 18.4 Computer lab by Tstat, internal, Tstat turned down to min 23

11 3:02 grey sky Floor 3 Zone 2 22.8 16.4 22.7 18.4 18.4 Office, by window, west facing

12 3:05 grey sky Floor 3 Zone 1 22.6 16.4 22.9 18.4 18.4
Seminar (class) room, has Tstat with offices on same zone. 

Tstat to high. 4 ppl
23

13 3:06 grey sky Floor 3 Zone 1 22.3 16.4 23 18.3 18.3
NE corner office on same Tstat as (12), at desk at window 

(reported cold by occ)
23

14 3:19 grey sky Floor 3 Zone 3 22.4 16.6 22.6 18.6 18.5 open plan area, internal
15 3:22 grey sky Floor 3 Zone 3 22 16.6 22.8 18.5 18.4 east perimeter conference room
16 3:27 grey sky Floor 3 Zone 2 23.4 17.2 23.4 18.7 18.7 open plan internal area partitioned office

17 3:30 grey sky Floor 3 Zone 2 22.2 16.8 23.6 18.8 18.7
boardroom, southwest windows, 8' from window, unoccupied, 

lights off
18 3:33 grey sky Floor 3 Zone 2 23.1 16.8 22.6 18.6 18.6 west facing office, empty lights off
19 3:39 grey sky Floor 4 Zone 3 23 16.8 23 18.6 18.6 open area by lab benches, 12' from East window
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3.3.3 Acoustics Measurements 

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

 
• R1 – 1st floor, private office  
• R2 – 1st floor, open office cubicle  
• R3 – 2nd floor, in classroom along main hallway 
• R4 – 1st floor, private office 
• R5 – 2nd floor, School reception 
• R6 – 2nd floor, School south reception 
 

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 
NC42 window/door 

closed 
- - 

25/31/37 from adjacent 
foyer/shared 

office/meeting room, 
door and window 

closed 

R2 NC41 0.25 

0.33-0.38/0.50-0.55 from 
adjacent open office cubicle, 

casual/normal voice 
0.27-0.44/0.62 from private 
office, casual/normal/loud 

voice, door open 

- 

R3 
NC40 unoccupied  

NC65 occupied 
0.45 

0.57/0.69/0.76 from teacher’s 
seat to back chair, 

casual/normal voice, 
unoccupied, 

0.15/0.34 from teacher’s seat 
to back chair, raised/loud 

voice, occupied 

41/29 from adjacent 
classroom/corridor, 

door closed 

R4 NC37 - - 
32/25 from adjacent 

private office/hallway, 
doors closed 

R5 NC46 unoccupied - - - 

R6 NC50 unoccupied - - - 
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3.3.4 Lighting Measurements 

Ten sites on the first three floors of Building F were studied. Sites were evaluated in the morning 
and in the afternoon of November 1st, 2006, to assess light level variability over the day.   

Sampling sites were chosen from areas where survey responses were obtained, and in offices 
where sampling was permitted. Detailed results for each sampling location 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 first floor (Zone 1) 

 
Zone 1  (n=3) 

 

unit 1
st
 sample  

(10:40 – 10:50 ) 

2
nd

 sample  

(1:50 – 2:00) 

Optimal 

Use of blinds: 

     Blinds open  

     Blinds closed or greater than 

       50% closed    

     Blinds not applicable 

 

n 

n 

 

n 

 

1 

0 

 

2 

 

1 

0 

 

2 

 

NA 

 

Glare: 

     Yes, veiling glare on work  

         surface               

     No glare                                                       

 

n 

 

n 

 

2 

 

1 

 

3 

 

0 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

44 - 499 

 

161 - 523 

 

200 – 500 

Use task lights 

     Yes 

     No 

 

n 

n 

 

1 

2 

 

1 

2 

 

NA 

Comfort ratios 

     Incident light to background  

     Computer to background  

 

ratio 

 

0.3 – 3.1 

0.2 – 1.2 

 

1.3 – 3.4 

0.6 – 3.4 

 

0.3 – 3.0 

0.1 - 10 

Morning to afternoon incident light 

ratio (range) 

 

ratio 

 

0.27 – 1.0 

 

NA 

 

 

Table 2: Light measurements taken from first floor (Zone 2) 

 
Zone 2 (n=5) 
 

unit 1
st
 sample 

 (11:35 – 11:55) 

2
nd

 sample 

 (2:30 – 2:40) 

Optimal 

Use of blinds: 

     Blinds open                                            

     Blinds closed or greater than 

       50% closed 

     Blinds not applicable 

 

n 

n 

 

n 

 

0 

1 

 

4 

 

1 

0 

 

4 

 

NA 

Glare: 

     Yes, veiling glare on work 

       surface               

     No glare                                                   

 

n 

 

n 

 

3 

 

2 

 

3 

 

2 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

200 - 700 

 

223 - 689 

 

200 – 500 

Use task light 

     Yes 

     No 

 

n 

n 

 

0 

5 

 

1 

4 

 

NA 

Comfort ratios 

     Incident light to background  

     Computer to background 

 

ratio 

 

 

0.3 – 6.4 

0.2 – 2.3 

 

0.3 – 4.5 

0.2 – 2.6 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident light 

ratio (range) 

 

ratio 

 

0.89 – 1.45 

 

NA 

 

 



Table 3: Light measurements taken from first floor (Zone 3) 

 
Zone 3 (n=5) 

 

unit 1
st
 sample 

 (11:00 – 11:30) 

2
nd

 sample 

 (2:05 – 2:25) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

    Blinds not applicable 

 

n 

n 

 

n 

 

1 

1 

 

3 

 

1 

1 

 

3 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

3 

 

2 

 

3 

 

2 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

153 – 347 

 

149 – 330 

 

300 – 500 

Use task lights 

     Yes 

     No 

 

n 

n 

 

0 

5 

 

0 

5 

 

NA 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

1.1 – 5.7 

0.9 – 2.2 

 

1.0 – 4.9 

0.6 – 4.4 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident light 

ratio (range) 

 

ratio 

 

0.93 – 1.19 

 

NA 

 

 

Table 4: Light measurements taken from second floor (Zone 2) 

 
Zone 2 (n=4) 
 

unit 1
st
 sample 

 (12:00 – 12:15) 

2
nd

 sample 

 (3:00 – 3:05) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

    Blinds not applicable 

 

n 

n 

 

n 

 

1 

1 

 

2 

 

1 

1 

 

2 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

4 

 

 

 

3 

 

 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

880 – 3310 

 

862 – 1835 

 

300 – 500 

Use task lights 

     Yes 

     No 

 

n 

n 

 

0 

4 

 

0 

3 

 

NA 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

2.5 – 3.6 

1.3 – 3.4 

 

0.4 – 0.7 

0.6 – 3.4 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident light 

ratio (range) 

 

ratio 

 

1.01 – 1.8 

 

NA 

 

 



Table 5: Light measurements taken from third floor (Zones 1&2 ) 

 
Zones 1&2 (n=4) 

 

unit 1
st
 sample 

 (12:20 – 2:50) 

2
nd

 sample 

 (3:15 – 3:40) 

Optimal 

Use of blinds: 

    Blinds open 

    Blinds closed or greater  

      than 50 % closed 

    Blinds not applicable 

 

n 

n 

 

n 

 

3 

0 

 

1 

 

3 

0 

 

1 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

3 

 

1 

 

2 

 

2 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

462 – 1247 

 

511 – 1788 

 

300 – 500 

Use task lights 

     Yes 

     No 

 

n 

n 

 

0 

4 

 

0 

4 

 

NA 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

1.8 – 6.2 

2.9 – 10.2 

 

0.2 – 0.9 

0.4 – 3.1 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident light 

ratio (range) 

 

ratio 

 

0.7 – 1.0 

 

NA 

 
Table 6: Light measurements taken from third floor (Zone 3) 

 
Zone 3 (n=7) 

 

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 

    Blinds not applicable 

 

n 

n 

 

n 

 

1 

1 

 

5 

 

 

1 

 

5 

 

NA 

Glare: 

    Yes, veiling glare on work 

       surface               

     No glare                                                       

 

n 

 

n 

 

4 

 

3 

 

3 

 

3 

 

NA 

 

Incident light 

     Measured range 

 

lux 

 

243 – 1245 

 

239 – 650 

 

300 – 500 

Use task lights 

     Yes 

     No 

 

n 

n 

 

1 

6 

 

1 

5 

 

NA 

Comfort ratios 

   Incident light to background  

   Computer to background 

 

ratio 

 

2.1 – 11.9 

0.6 – 2.5 

 

3.0 – 11.2 

1.4 – 2.1 

 

0.3 – 3 

0.1 – 10 

Morning to afternoon incident light 

ratio (range) 

 

ratio 

 

0.89 – 1.49 

 

NA 

 



Building Performance Evaluation:  Lighting

Date: 1-Nov-06

Building: Building F Floor 1

Position:

Sample 1 Zone 1 Reception

Sample 2 Zone 1 Open office facing north

Sample 3 Zone 1 Interior office

Sample 4 Zone 3 Reception 

Sample 5 Zone 3 Open office in central location 

Sample 6 Zone 3 East facing private office 

Sample 7 Zone 3 East facing shared office

Sample 8 Zone 3 Open office in central locaiton beside printer room

Sample 9 Zone 2 Open office, central area on inside

Sample 10 Zone 2 Private office, inside, central

Sample 11 Zone 2 Private office South facing corner

Sample 12 Zone 2 Private office West facing

Sample 13 Zone 2 Reception



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12 Sample 13

Time: 10:40 10:45 10:50 11:00 11:15 11:20 11:25 11:30 11:35 11:40 11:45 11:50 11:55

weather: sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny

fenestration: no windows open no windows no windows no windows open blinds 20% openno window no window no window blinds 30% openno windows no windows

Incident (lux) 44 430 499 328 153 347 174 345 200 393 517 700 381

Computer 157 82 194 151 60 260 135 120 320 260 180 175 37

Background 153 392 161 117 27 305 106 64 600 115 1140 140 60

Floor 10 17 21 8 10 4 8 17 10 10 23 18 8

Wall (opt) 21 145 138 81 64 432 63 23 146 800

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

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

Contast:

Comp:bkg 1.0 0.2 1.2 1.3 2.2 0.9 1.3 1.9 0.5 2.3 0.2 1.3 0.6

Incident:bkg 0.3 1.1 3.1 2.8 5.7 1.1 1.6 5.4 0.3 3.4 0.5 5.0 6.4

Notes:



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11 Sample 12 Sample 13

Time: 1:50 1:55 2:00 2:05 2:10 2:15 2:20 2:25 2:30 2:30 2:35 2:35 2:40

weather: sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny

fenestration: no windows open no windows no windows no windows open blinds 10% openno window no window no window open no windows no windows

Incident (lux) 161 523 490 290 165 330 149 288 223 353 357 689 326

Computer 162 220 185 77 150 240 100 N/A* 354 440 140 160 103

Background 48 390 160 113 34 280 156 730 170 920 180 73

Floor 12 21 20 8 5 4 6 9 6 21 8 16 13

Wall (opt) 13 128 83 80 63 352 62 84 185 190 183 71

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

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

*computer not on

Contast:

Comp:bkg 3.4 0.6 1.2 0.7 4.4 0.9 0.6 0.5 2.6 0.2 0.9 1.4

Incident:bkg 3.4 1.3 3.1 2.6 4.9 1.2 1.0 0.3 2.1 0.4 3.8 4.5

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: 1-Nov-06

Building: Building F Floor 2

Position:

Sample 1 Zone 2 Reception 

Sample 2 Zone 2 Private Office corner SW 

Sample 3 Zone 2 Common Room/Meeting room

Sample 4 Zone 2 Private office facing west



Sample 1 Sample 2 Sample 3 Sample 4

Time: 12:00 12:05 12:10 12:15

weather: sunny sunny sunny sunny

fenestration: no windows blinds 50% openno windows open

Incident (lux) 1022 3310 880 1580

Computer 250 500 N/A* N/A

Background 380 1314 440

Floor 21 64 44 41

Wall (opt) 320 560 310 417

Glare (Y/N) Y Y Y Y

Task on (Y/N) N N N N

Contast:

Comp:bkg 0.7 0.4

Incident:bkg 2.7 2.5 3.6

Notes:



Sample 1 Sample 2 Sample 3 Sample 4

Time: 3:00 3:05 3:05 meeting

weather: sunny sunny sunny sunny

fenestration: no windows open no windows open

Incident (lux) 1010 1835 862 N/A

Computer 252 347 N/A*

Background 378 225

Floor 20 35 38

Wall (opt) 322 300

Glare (Y/N) Y Y Y

Task on (Y/N) N N N

* computer not on

Contast:

Comp:bkg 3.4 0.6 1.2 0.7

Incident:bkg 3.4 1.3 3.1 2.6

Notes:



Building Performance Evaluation:  Lighting

Date: 1-Nov-06

Building: Building F Floor 3

Position:

Sample 1 Zone 1 Reception

Sample 2 Zone 2 Private office facing west

Sample 3 Zone 3 Reception

Sample 4 Zone 3 Print Station

Sample 5 Zone 3 Central Computer Room

Sample 6 Zone 3 Open office against west wall

Sample 7 Zone 3 Private office facing south

Sample 8 Zone 3 Open office against East Wall

Sample 9 Zone 3 Private office facing east

Sample 10 Zone 2 Reception

Sample 11 Zone 2 Private office facing west



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11

Time: 12:20 12:30 12:35 12:45 12:50 12:55 1:00 1:05 1:10 2:45 2:50

weather: sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny

fenestration: open open no windows no windows no windows no windows blinds 50% openno window open no window open

Incident (lux) 570 1247 243 483 363 400 973 380 1245 798 462

Computer 150 147 160 N/A* 108 95 N/A* 100 260 72 63

Background 166 202 65 66 142 278 180 105 300 250

Floor 362 252 13 42 30 35 43 8 39 30 42

Wall (opt) 430 24 162 87 32 80 35 350

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

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

Contast:

Comp:bkg 0.9 0.7 2.5 1.6 0.7 0.6 2.5 0.2 0.3

Incident:bkg 3.4 6.2 3.7 5.5 2.8 3.5 2.1 11.9 2.7 1.8

Notes:



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 Sample 11

Time: 3:15 3:20 3:25 3:30 3:30 3:35 3:40 3:40 meeting 3:45 3:40

weather: sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny sunny

fenestration: open open no windows no windows no windows no windows blinds 50% openno window no window open

Incident (lux) 600 1788 239 516 352 408 650 424 792 511

Computer 82 550 170 N/A* 100 N/A* N/A* 104 140 76

Background 115 176 80 72 58 56 240 176

Floor 319 180 16 12 25 18 27 8 30 37

Wall (opt) 24 158 78 28 63 63 177 220

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

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

*computer not on

Contast:

Comp:bkg 0.7 3.1 2.1 1.4 1.9 0.6 0.4

Incident:bkg 5.2 10.2 3.0 4.9 11.2 7.6 3.3 2.9

Notes:
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3.4 RESOURCE CONSUMPTION DATA 

3.4.1 Energy and Water Consumption Data 

The following Tables show the energy and water consumption calculations performed during the 
BPE. Annual energy and water consumption data for the year 2005 was obtained from the 
owner for Building F, as well as for the neighbouring building. Calculated values for water 
consumption based on LEED Water Efficiency Credit 3 were obtained from the design team. 



Building F Energy Consumption

Actual 2005 Consumption - Building F: 10,502       m
2
 building area

Gas 8067 GJ 2,240,833   kWh 213 kWh/m
2
/year

Electricity 2,097,403   kWh 200 kWh/m
2
/year

413 Total kWh/m
2
/year

Building F Energy Costs, year 2005: Neighbouring Building Energy Costs, year 2005:

Gas 88,482$    Building Area Gas 35,440$    Building Area

Electricity 110,465$  10,502        m
2

Electricity 90,243$    4,522      m
2

Total 198,947$  Total 125,683$  

Comparison of Energy Costs, year 2005

Gas Electricity Total

($/m
2
) ($/m

2
) ($/m

2
)

$9.22 $11.51 $20.73 Building F

$7.84 $19.96 $27.79 Neighbouring Building

Building F Water Consumption

Comparison of Predicted and Actual Water Use:

Water Use - Based on LEED calculations, annual 691,535     gal    = 2,618        m
3

Water Use - Actual for 2005 >>>>>>>>>>>>>>>>>>>>>>>>>>>> 1,518        m
3

Difference: 42% decrease

Calculation of water use per occupant per day:

488 Occupants

260 Workdays per year (assumed)

1,518       m
3 

water use / year >>>>>>>>> = 1,518,000  L/year

11.96         L/occupant/day
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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 F Owner 
• Building F Architect 
• Building F Mechanical Engineer 




