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Executive Summary

Energy consumption at Dalhousie University is a current issue that is in one way being
addressed with the implementation of strictly LEED Certified buildings in the future. There are
many benefits to LEED Certified buildings, which include not only economic and environmental
improvements, but also aesthetic, cultural and social benefits as well. There are many aspects
of the buildings that work to improve these benefits such as energy and water use, indoor
environmental quality, infrastructure, and leisure/ study space quality (Retzlaff, 2009).
Dalhousie University proudly supports LEED certified buildings and is on it’s way to becoming a
more sustainable campus. A prime example of Dalhousie’s success is the Mona Campbell
building on Dalhousie’s Studley Campus, which is a LEED certified building and is widely
recognized as the greenest building on campus. Currently, the building is closed in the evenings
and on weekends (8am to 10pm Monday — Friday). If the Mona Campbell is the most
sustainable building on campus, we want to discover why it is not used to its fullest potential by
being closed on evenings and weekends. This project’s analyzed energy consumption of
buildings that are open on weekends across Dalhousie University’s Studley Campus. This energy
consumption research determined which buildings are likely consuming the most energy, and
then indicated which buildings should be open on the weekends and which buildings should
not. From this, our research then determined which buildings are suitable for weekend closure
in comparison with the Mona Campbell Building. The satisfaction and potential use of the Mona
Campbell building was supported through literature review and surveying of the population
who would benefit from our research. Surveys were conducted to gather data on interest and
awareness levels of the Mona Campbell’s study space. From these findings we provide the
University with structural data to potentially create a more sustainable option regarding
weekend operations should action be taken to transform weekend operations. Our suggestion
is that university building managers review our findings and discuss a potential weekend
closure of a less energy efficient building. Our research suggests that there is potential to
improve operational hours of certain buildings on campus between the Kenneth Rowe, Marion
McCain, or the Goldberg Computer Science. We also suggest that there is room for further
study to be conducted including more intricate analysis of building energy consumption sources
to provide a more accurate definition of building comparisons.
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1.0 Introduction

1.1 Research Question

The main question we address with our research project is as follows:

“What are the benefits and barriers, based on energy savings and occupant
satisfaction, of opening a LEED-Certified building on weekends to maximize study space and
reduce energy consumption on Dalhousie’s Studley campus?”

Furthermore, there are other questions we aimed to answer during our research, data
collection, and analysis to gain a more holistic understanding of the issue:

e The Mona Campbell building is a LEED certified building and arguably the greenest
building on campus; why is it not being used during weekends?

e What are the levels of energy consumption for buildings on Dalhousie University’s
Studley Campus?

e What are the current levels of energy consumption for the Mona Campbell in
comparison to other buildings on Dalhousie University’s Studley Campus?
What are the costs associated with opening the Mona Campbell on weekends?
Do students and staff want the Mona Campbell open on weekends?
Will students use the Mona Campbell building if it is opened for use on weekends?

1.2 Scope

The scope for this research project was limited to the Studley Campus of Dalhousie
University and included the Dalhousie student population, faculty members and support staff.
We conducted a statistical analysis of the energy records in regards to energy cost and
consumption for the Mona Campbell building and other buildings across Dalhousie University
with a focus on Studley Campus. This comparison revealed the differences in energy
consumption from building to building and highlights the benefits or barriers associated with
opening the Mona Campbell on weekends. We conducted a survey of students, faculty and
support staff members in the Killam Library, the Student Union building, and Risley Hall. The
survey showed whether there is interest in extending the hours of operation of the Mona
Campbell on evenings and weekends. We reviewed occupant satisfaction of other LEED



certified buildings, documented in articles, to review the benefits and barriers of LEED certified
buildings according to the user population.

Our statistical analysis of energy consumption was based on information gathered from
Rochelle Owen and the Embedded Efficiency Manager, Glen MacDougall. The data collection
included a survey to be answered by students, support staff and faculty at Dalhousie University,
which took five days to complete.

Our research methods were deductive, exploratory and potentially transformative. Our
methods are deductive in that we hypothesized that the Mona Campbell building, or an
alternative LEED certified building, would be energy efficient enough that it would be worth
opening on weekends as an alternative to a less energy efficient building on the weekends. Our
research was exploratory because we compared energy consumption of buildings on Studley
Campus to discover if there is a building that consumes more energy that could be closed on
the weekends in exchange with opening the Mona Campbell building. If our research is
accepted our methods will become transformative in suggesting and achieving an increase in
LEED certified building hours and a reduction in non-LEED certified/ less energy efficient
building hours on Studley Campus at Dalhousie University. With the reduction of a building’s
hours that uses more energy than the Mona Campbell’s, we will be reducing energy
consumption on campus, promoting the use of a healthy study space, and causing higher
economic savings through less energy. Through using quantitative and a priori research
methods, we analyzed the gathered information and data to address our project’s Studley
Campus building sustainability issue.

2.0 Background

2.1 Rationale

Dalhousie University has been working towards becoming a greener, more sustainable
university for a number of years. Sustainability “demands ways of living, working and being that
enable all people of the world to lead healthy, fulfilling, and economically secure lives without
destroying the environment and without endangering the future welfare of the people and the
planet” (Johnston, Everard, Santillo, & Robert, 2007). If we wish to continue becoming a more
sustainable campus, it is important that we make use of the buildings that are already
considered energy efficient on campus, as well as continuing the mission of introducing
additional energy efficient buildings. This research project conducted a study of each building’s
energy consumption on Studley Campus to determine which buildings save more energy and in



turn, save more money. We have looked into sustainable architecture as a whole, and then
LEED certified buildings specifically. We have researched the economic benefits, occupant
satisfaction, and energy savings and efficiency of other LEED certified buildings. To go along
with occupant satisfaction we measured the interest and awareness of a Studley sample
population to determine the existing interest in th ebuilding with arguably the most sustainable
reputation: the Mona Campbell Building. Additionally, we have compared Dalhousie University
with others schools that are striving for a more sustainable campus to see how other
universities are reducing energy consumption, and how their use and benefits of LEED certified
buildings can compare with ours. Based on the research gathered we conducted our project in
such a way to improve the sustainability of Dalhousie University via energy efficiency on Studley
campus regarding buildings of interest containing study space opened on weekends.

2.2 Background

Sustainable Architecture

Our research question focused on the idea of utilizing a LEED certified building for the
benefit of both students and the university. The Mona Campbell building is a LEED certified
building and arguably the most environmentally efficient in operation. The utilization of
sustainable practices linked with the design and creativity in architecture has given rise to an
assortment of buildings that beautify the urban landscape and reduce environmental impacts.
In the book Ecological Design they accounted that the environmental crisis is a design crisis (Ryn
& Cowan, 1996). The environmental crisis is a consequence of how things are constructed; from
urban landscapes to greenspaces. There are six frameworks that are used when linking
sustainability and architecture; technical, ecological, aesthetic, cultural, medical, and social
(Farmer, 2013). Sustainable architecture and development have an enormous impact on the
global scale as buildings “account for almost half of global energy consumption” (IPCC, 2007).

LEED Certified Buildings

The evaluation of efficiency and sustainability of ‘green’ buildings requires the use of
many systems and tools. Worldwide it seems as though every county has come up with its own
evaluation system. As such, not all evaluation systems are the same, depending on the country
the system was developed in points will be allocated differently. For example, points allocated
to water efficiency differ dramatically between the Green Building Council of Australia’s (GBCA)
ranking system and the Leadership in Energy and Environmental Design (LEED) rating system.
(Zuo & Zhao, 2014).



For the purpose of our research we concerned ourselves with the LEED certified rating
system as it is the system that was used to rate our own Mona Campbell Building. The LEED
system has four levels of certification, certified, silver, gold and platinum; of which the Mona
Campbell Building is certified gold. The rank of a building is determined through the
accumulation of points in certain categories such as energy, water, indoor environmental
quality, sitting, infrastructure and pollution. (Retzlaff, 2009).

Economic Benefits to LEED

While environmental certifications can be accused of being marketing techniques and
appealing to the “green community”, there are indeed economic benefits that are clearly
demonstrated across numerous studies. In the case of LEED certification, five different
categories are examined: the sustainability of the site, the building’s water efficiency, the
energy and atmosphere, the materials and resources used, and the indoor environmental
quality (Matisoff, Noonan, & Mazzolini, 2007).

Companies who have built LEED-certified buildings have found significant economic
improvements in their buildings’ maintenance costs. Herman Miller, a furniture manufacturer
from the USA has reportedly saved $6 million over the course of a 7-year lease of a LEED-
certified factory. Similarly, Castcon Stone Inc., a Pennsylvania-based construction company
reduced their electricity use from 1,000,634 kWh to 675, 712 kWh in their new Silver-certified
LEED factory. Another construction company McGraw-Hill has reported 10%-20% decrease in
their operating expenses. Facilities that have profited from green economic benefits have
installed lighting sensors, natural ventilation with operable windows, and an HVAC control
system, among other devices (Ries, Bilec, Gokhan & Needy, 2007).

Similarly, residential buildings found their market value increased dramatically upon
investing in the LEED certification. Studies conducted by G. Pivo and J. Fisher compare 336
green buildings to 1114 non-green buildings. According to their research, the sustainably
constructed and operated buildings boast a 13.5% higher market value, along with 9.8% fewer
utility expenses and 4.8% higher rent value (Popescu, Bienert, Schutzenhofer & Boazu, 2012).

Occupant Satisfaction

It is important to consider occupant satisfaction between LEED and non-LEED buildings
because we want students to be satisfied with the spaces they have to work in, while still
working our way towards a more sustainable and environmentally aware campus. In the article
‘Occupant Satisfaction in LEED and non-LEED certified buildings’ by Serigo Altomonte and
Stefano Schiavon they discuss the different indoor environmental quality (IEQ) factors
necessary to determine occupant satisfaction within commercial buildings, healthcare facilities,



laboratories, educational buildings and other facilities (2013). These factors include furniture
layout, amount of privacy, cleanliness, air quality, thermal comfort, lighting, acoustic quality,
which are described in Table 1 in Appendix B (Altomonte & Schiavon, 2013).

The Center for Built Environment (CBE) at the University of California used a method of
surveying called ‘cognitive interviewing’. This survey used a rating scale with 7 points from very
satisfied (+3) to very dissatisfied (-3) with a neutral point in the middle (0). This survey
guestioned about the IEQ factors already mentioned above, as well as building characteristics
such as year of construction or energy use. Initial results showed that occupant satisfaction was
higher in LEED buildings because of air quality. The lower rated factors of LEED buildings were
lighting and acoustics. The results of 10,129 responses on LEED buildings and 11,348 responses
on non-LEED buildings are in Table 2 in Appendix B. The higher the occupant satisfaction for
workspace, cleanliness, building maintenance, etc. in LEED buildings contributes to higher
indoor environmental quality, which has been shown to reduce asthma, respiratory allergies,
depression and stress (Altomonte & Schiavon, 2013). For students, this is particularly important
because the stress university can have on a student can enhance or cause mental health to
suffer. If we have buildings that help with health and promote better workspaces, why would
we not make use of these to aid students in doing well in school while maintaining a healthy
mental state. Additionally, if these buildings use less energy, while helping students, this is good
for the university economically.

Energy Savings and Efficiency

There is little to no data available when it comes to the energy efficiency of LEED
certified buildings. In 2008, a report was released by the US Green Building Council (USGBC),
the creators of the LEED certification program, stating that “average LEED energy use [was] 25-
30% better than the national average [...]” (Turner & Frankel, 2008). This report received harsh
criticism due to their sampling bias and statistical analyses. The data used in the report was
only provided voluntarily by the building owners, which could have resulted in bias sampling.
Furthermore, energy use intensity (EUl) was compared using the LEED median against the mean
of all other construction. This as well as the exclusion of the 21 highest EUIl ranking LEED
buildings from the comparison is believed to have resulted in skewed data. (Scofield, 2009).

In truth, LEED buildings on average use 18-39% less energy per floor area than the
comparable traditional buildings. Though, it is important to note that 28-35% of LEED buildings
use more energy. (Newsham, 2009). This truth however does not mean that these buildings are
unsustainable. It simply means that these particular buildings are using more energy. It is
unknown how these buildings are being used and how often they are being used, it is also
unstated what form of energy they are using. If they are using a sustainable form of energy
such as solar power or wind power then there is little to no ecological footprint. Perhaps some



of these buildings are home to offices, which have higher energy requirements when compared
to smaller businesses. Until such time as more data can be obtained and analyzed there will be
no simple answers to the actual energy usage of LEED certified buildings.

Dalhousie in comparison with other Canadian University’s Sustainability

There are many examples of universities that are working towards having a greener
campus, meaning their institutions are consuming less energy and water. One example in
particular is the University of Waterloo in Ontario. In a case study by Gregory Richardson and
Jennifer Lynes they discussed their motivations and barriers of building and utilizing greener
buildings on campus (2007). The increase in attendance in Canadian universities alone has
increased 12 percent over the past decade, which means that universities are constantly
required to accommodate for this enrolment increase (Lynes & Richardson, 2007). As
enrolment increases, the energy and water consumption will inevitably increase. If the
university is aware and committed to becoming a sustainable institution, the infrastructure to
accommodate this population increase must be sustainable. Lynes and Richardson outline that
one of the barriers to building more efficient buildings is the preconception that the initial costs
of construction are higher, although often they can be equal to standard building initial costs
(2007). There are far more motivations when it comes to financial savings, such as energy cost
savings, and even the eventual savings from institutional image and reputation of having a
greener campus (Lynes & Richardson, 2007). As well, it has been speculated that the institution
can save money by having better work environments (Lynes & Richardson, 2007). When the
work environment is more conducive to more employee productivity, there will be more work
accomplished and less employee absenteeism, saving the institution money (Lynes &
Richardson, 2007). The barriers of constructing greener buildings in the perception that it
initials costs are higher, and also that there is a lack of leadership in promoting greener
buildings within the institution. Once they are built they cost less money and promote a
healthier, more productive workspace for both faculty and staff, as well as create a positive
image for the institution.

Facility productivity in greener buildings increase by 25%, and it is evident that there is a
positive correlation between the quality of the building and the performance of its employees
Lower productivity can be linked to a poor indoor environmental quality, caused by lower air
quality, and poorer ventilation and lighting (Ries, Bilec, Gokhan, & Needy, 2007). LEED buildings
can assure happier working environments, and likely more productive employees. In the case of
the Mona Campbell, it could very well be that it is a more inviting study space, based on its use
of natural light and clean air.



3.0 Methods

This project used deductive techniques to assess the operation hours and energy use of
Studley campus buildings based on comparative methods. The data that we compared was of
building energy use measured an average kilowatt (kW) per hour per year value, which helped
us in proposing potential changes for more sustainable building operations on weekends. We
used exploratory research to gather specific qualitative and quantitative data of the buildings
and the campus student body to propose a transformative outcome, from less to more
sustainable, for student study areas that are open on the weekends. Of particular interest we
compared the Mona Campbell building to other Studley buildings with similar study space
availability that are open on weekends. We then measured awareness and interest based on
student input via survey to support our proposition compared with background literature on
the benefits of LEED-certified buildings and occupant satisfaction. This interest and background
information was outlined with the potential to develop our research further with a
transformative outcome on sustainable building operation hours and study space.

3.1 Literature Review

We gathered research information regarding sustainable architecture; LEED Certified
buildings, their energy efficiency and economic qualities, Dalhousie campus sustainability, the
Mona Campbell building characteristics as a LEED certified building, and comparable campus
sustainability examples of other universities. Together these topics aim to develop further the
benefits of LEED buildings and environmentally friendly architecture in support of extending the
Mona Campbell building operational hours in attempt to improve campus sustainability,
efficiency, and study space availability. Further research was conducted following data analysis
and gathering survey information. This additional literature research is used to better
understand our results and findings by comparing them to previous studies and information
gathered in the past.

3.2 Building Energy Use Analysis of Studley Campus

3.2.1 Buildings
We assessed Studley building efficiency based on kilowatt (kW) per hour per year on

average for five buildings. The buildings that we chose were those currently operational on
weekends with available study space. These buildings could work as potential buildings to close
should their energy use prove to be less efficient with less study space available than the Mona
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Campbell, which is our building of interest. We chose the following buildings because they
would be accurate comparisons with similar usages of study space for weekends and evenings:
Computer Science
Kenneth Rowe
LSC
McCain
Mona Campbell*

*The Mona Campbell building is our building of interest that we will be comparing the other
buildings energy use and study space to. The Mona Campbell is the building that we wish to see
open and are therefore studying other buildings open on weekends relative to their energy use
and hours of operation.

The building energy use data was provided to us by the campus’ Embedded Efficiency
Manager, Glen MacDougall. The quantitative data that we have regarding energy use ranges
over a one-year time span and represents the energy consumption for each of the buildings
above. This data was collected in the form of charts that represent kW usage per time (day and
hour) during the 2014-2015 academic year up until the present time (September 2014-March
2015). Other building information gathered includes the hours of operation for each building
and whether they are open or closed on the weekend (see appendix B). This data was collected
from the Sustainability Director at Dalhousie, Rochelle Owen, in the form of a table listing
building and hours per day of the week. Furthermore, we also compiled data on building study
space capacity for comparisons of usefulness regarding the amount of space available for
student use on weekends and evenings. The amount of study space is important when
considering which buildings are similar to, but less energy efficient than the Mona Campbell
building.

We analyzed Studley campus buildings in an attempt to better understand the motives
behind operational hours of buildings that could contribute to study space on Studley campus.
This is important, as we believe there is currently a demand for increased study space available
to students, particularly on weekends. With specific interest in the Mona Campbell building
comparisons and were made in the form of bar graphs in an attempt to project the energy
saving benefits of operational hours for increased sustainability and efficiency as well as
increased study space on campus.
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3.2.2 Building Analysis

To evaluate our data we compared the Studley campus buildings energy consumption to

the Mona Campbell building using bar graphs to create a visual display of the comparisons.
These measures were compared using an average of kilowatt (kW) per hour per year to
determine an accurate representation of the energy consumption. From this comparison, along
with the comparison of relative abundance of study space compared to the Mona Campbell and
the other buildings under analysis, we have proposed which building yields the most potential,
to be replaced by the Mona Campbell on weekends.

3.3 Survey Methods

3.3.1 Survey Population

The population from which we drew our samples was inclusive of Studley campus
faculty, students and support staff within Studley Campus. We sampled the Studley campus
student body to gather data from involved individuals who are familiar with the campus. This
campus’ input will be most valid in representing the interests of the Mona Campbell’s
operational hours. We conducted the surveys with individuals present in the Student Union
Building, the Killam Library, and Risley Hall.

3.3.2 Probabilistic Multistage Cluster Survey
The quantitative data collected from the faculty, students and support staff was

gathered as qualitative information of interest levels of the Mona Campbell building’s
operational hours via survey (see appendix A). The survey was probabilistic, multistage cluster
and purposive as it is directed at Studley campus Dalhousie faculty, students and support staff.
The survey was structured for a single, one option response to gather information that could be
easily coded and quantified. The surveys were conducted in inclusive areas on campus to
provide an unbiased sample. These areas included the Student Union Building, the Killam
Library, and Risley Hall. The sample size was calculated using a 99% confidence level on a total
student body of 18500 to predict a reliable sample size of 650 (see appendix A).

3.3.3 Survey Analysis:
We utilized the findings from the survey to support or reject our proposed replacement

of the Mona Campbell. We compared awareness, support, and usage responses in the survey of
faculty and staff to weigh the overall interest of the project (See appendix A). To quantify the
findings we gave the responses numerical values (See appendix A), which were summed and
weighted based on interest. This was done using an excel spreadsheet where each participant
was given a row and columns represented the questions asked. To quantify the results there
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were statistics drawn from the data within columns for each question. We also indicated the
mean, median and mode of who took the survey, and the responses the participants gave to
further explain the results (See appendix A for compressed survey data).

The survey indicates whether there is significant interest in opening the Mona Campbell
building on weekends for study space. This determined whether there is social significance to
support or reject the economic and environmental sustainability aspects of our proposition to
open the Mona Campbell building on weekends.

3.4 Transition Analysis

We finally analysed building energy use, survey respondent interest and awareness, and
background information on LEED-certified buildings together to propose the support of our
hypothesis to open the Mona Campbell building on the weekends to increase the use of energy
efficient buildings, which in turn acts to increase study space. The alternative, should our
proposition have failed to be supported, would have been to propose alternatives to our
hypothesis and choose either another efficient building or analyse whether Studley campus is
already functioning at optimal efficiency levels.

3.5 Delimitations and Limitations

3.5.1 Delimitations
The delimitations of our study included the restriction of sampling the Studley campus

buildings and faculty, students and support staff to create a more localized data set on a
smaller scale to prevent redundancy in the comparisons. Furthermore, we restricted the
buildings on Studley campus to only those who have study space and are already open on the
weekends. These restrictions allowed for a more accurate representation of realistic
possibilities and interests for sustainable building operation transformations.

The data regarding the energy use of each building was restricted to a year in order to
achieve results that are realistic and not biased to a shorter period of time. This allows for a
more accurate representation of energy use. More extensive data would limit error and bias.

We calculated our sample size as a function of the entire Dalhousie population rather
than limiting it to a number for only Studley campus. This resulted in a larger sample size
without compromising the accuracy and precision of the dataset.

We restricted our survey to a simplistic purposive single response structure in order to
eliminate redundant information and restrict the findings to yes or no answers. We then used
the responses equal to a numerical scale and finding the sum of each question asked. This
guantified a response to each question to more easily explain the interest in the topic.
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3.5.2 Limitations

A limitation of the project was the time frame for completion. The time frame restricted
the attributes that could be compared regarding efficiency measures; more time could have
allowed more specific characteristics of building consumption to be analysed for a more reliable

and valid representation of building efficiency such as water consumption, monetary
differences, surveys regarding specific building occupancy satisfaction.

3.6 Schedule, Deliverables and Communication Plan

The schedule revolved largely around surveying. The survey date and time was during
the week of March 23- March 27, and was controlled according to Dalhousie regulations and
permission to proceed on the premises. Surveying covered a time period of five days for 1.5
hours each day. Two group members were present at each survey date/location.

The comparative data analysis was conducted throughout the duration of the project
period allotted inside of and outside of class time. All group members contributed to this
analysis.

The deliverables of this project were expressed during the class Pecha Kucha
presentations at the Grawood. This project aimed to influence those concerned with the
efficiency and sustainability of Studley Campus. Our findings have been shared with the
Sustainability Manager, Rochelle Owen, of Dalhousie University as she largely influenced and
supported our project by providing guidance and data. Our findings have also been shared with
the Embedded Efficiency Manager, Glen MacDougall, of Dalhousie University who also was a
main contributor of data and guidance for our project. Furthermore, our project will be
available to the public on the Dalhousie website under the 3502 course webpage upon
completion of the course if the outcome is accepted.

4.0 Results

4.1 Survey Results

The survey process’s ultimate goal was to quantify the interest and how informed the
Studley Campus population was in the Mona Campbell Building should the building be
proposed to be open on weekends (see Appendix A for table of compressed survey data). The
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survey process established the majority of the participants to be students (611) where there
was significantly less faculty (20) and support staff (19), which can be seen in figure 1 below.

Participants

700

600

500

400 -

300

200

100

Student Faculty Support staff

Figure 1. Participant data from the survey analysis when asked to indicate whether they were
Dalhousie student (1), Faculty (2), Support staff (3).

Figure 2 below signifies the proportion of the sample population that had been to the
Mona Campbell Building where 254 replied with yes and 396 replied with no.

Been to Mona Campbell

345
340
335
330
325
320
315
310 - |
305 -
300
295 .

yes no

Figure 2. Participant data indicating whether they have ever been to the Mona Campbell
building (yes or no)



Along with asking whether the population had been to the Mona Campbell building we
guantified whether they were aware there was study space available in the building where 311
replied with yes the were aware of the study space and 339 replied with no they were not
aware of the study space, as seen in figure 3.

Aware of Study Space in Mona
Campbell

450
400
350
300

250
200 ————
150 -
100 -~
50
0 - .
yes no

Figure 3. Participant data addressing whether they are aware that the Mona Campbell Building
has study space (yes or no)

We questioned whether the awareness of study space reflected the use of the Mona
Campbell Building’s study space, where 175 responded with yes they have used the study space
and 475 responded with no they have no used the study space which is represented in figure 4
below.

Used Mona Campbell Study Space

500
450
400

350
300
250
200
150 +———
100

50 -

(1 T
yes no

Figure 4. Participant data addressing whether they have used the Mona Campbell Building
study space (yes or no)
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Further examining the awareness of the population we questioned whether the
participants were aware that the building was closed on weekends, as seen in figure 5, where
138 responded with yes they were aware of the Mona Campbell’s weekend closure and 512
responded with no they were not aware.

Awareness of Weekend Closure

600

500

400

300

200

100
S

yes no

Figure 5. Participant data addressing the awareness of the Mona Campbell Building being
closed on the weekends (yes or no)

After measuring awareness and current usage we asked whether they would be
interested in using the Mona Campbell Building on weekends, to which 97 responded with they
wouldn’t use it, 186 responded with they were not likely to use it, 268 said they would use it
sometimes and 99 said they would use it often. These data are gathered in figure 6.
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Interest in Mona Campbell on
Weekends

300

250

200

150
100
Nl l
0 T T
1 2 3 4

Figure 6. Participant data addressing the level of interest in the Mona Campbell Building being
open on weekends (1=Wouldn’t use it, 2= Not likely to use it, 3= Would use it sometimes, 4=
Would use it often)

After measuring the interest in the building we looked at interest in study space
exclusively where 120 responded with they wouldn’t use the Mona Campbell’s study space, 169
reponded with they were not likely to use it, 262 responded with they would use it sometimes,
and 99 responded with they would use it exclusively for study space on weekends. These data
can be seen in figure 7 below.

Study Space Interest In Mona
Campbell on Weekends
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Figure 7. Participant data addressing the level of interest in the Mona Campbell Building study
space if open on weekends (1= Wouldn’t use it, 2= Not likely to use it, 3= Would use it
sometimes, 4= Would use it exclusively for study space
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4.2 Energy Comparison Results

The following figures 8 through 12 represent the comparisons of energy use measured
in kilowatt per hour per year and are then expressed as an average of the year in question.
These comparisons act as a guideline for the evaluation of the energy use of the Mona
Campbell versus other potential study space areas that are open on weekends. These
comparisons aid in proposing potential candidates for opening an additional building on
weekends to supply Studley Campus with extra study space while using as little extra energy as

possible.
Energy Comparison
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Figure 8. Energy usage comparison graph of the McCain versus the Mona Campbell Building on
Studley Campus, Dalhousie University, where the energy is measured as an average kilowatt
per hour per year.
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Figure 9. Energy usage comparison graph of the Kenneth Rowe Building versus the Mona
Campbell Building on Studley Campus, Dalhousie University, where the energy is measured as
an average kilowatt per hour per year.

Energy Comparison

250

200

g 150 |—
100 - “ Computer Science
EMona Campbell
50
0 T T T

2011 2012 2013 2014

Average per year

k

Figure 10. Energy usage comparison graph of the Goldberg Computer Science Building versus
the Mona Campbell Building on Studley Campus, Dalhousie University, where the energy is
measured as an average kilowatt per hour per year.
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Figure 11. Energy usage comparison graph of the Life Sciences Center (tower 1) versus the
Mona Campbell Building on Studley Campus, Dalhousie University, where the energy is
measured as an average kilowatt per hour per year.
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Figure 12. Energy usage comparison graph of the Life Sciences Center (tower 2) versus the
Mona Campbell Building on Studley Campus, Dalhousie University, where the energy is
measured as an average kilowatt per hour per year.



5.0 Discussion

5.1 Survey Analysis
Our survey was a means to discover how the student and staff population of Dalhousie

University felt about our research project involving the Mona Campbell building’s operational
hours, specifically as a study space. For the survey we used a sample size of 650 people that
were chosen at random. The survey was carried out over 5 days throughout the Studley
Campus at Dalhousie University. The locations we used consisted of Risley Hall, The Killam
Library and The Student Union building. Of our sample size 611 were students, 20 faculty and
19 were support staff. These numbers allowed for an accurate analysis of the population of
Dalhousie University where the main population of our concern was the student’s interest and
usage of the Mona Campbell building. The first question for the survey addressed who they
were at Dalhousie University, be it student, faculty or support staff. We primarily were looking
to have more students than faculty and support staff as this research looked at the benefits for
Studley campus but also for the students regarding study space on weekends. The second and
third questions focused on whether the population had attended the Mona Campbell buildings
and measured their awareness pertaining to study spaces within the building. This was to find
out how much of the student population knew about the Mona Campbell building. If they had
been inside and if they were aware of the possible study spaces available. The findings to these
guestions were as follows; 396 students had not been to the Mona Campbell building, which
was over half of the sample size. Question three showed more promise of indicating awareness
with 311 knowing about the study spaces but still 339 not knowing. From these two questions
we were able to determine that the majority of our sample size were uneducated on the Mona
Campbell building and its available study spaces. The fourth and fifth questions looked at use of
the study space, along with asking if students knew that the building was not open to the
general student body on weekends. Although our initial findings show a lack of use and
knowledge of the building we start to see a change within these responses. Overwhelmingly,
475 individuals surveyed had not used the Mona Campbell’s study facilities and 512 were not
aware it was even closed on weekends. This strongly supports our early theories of students
not knowing about the study spaces in one of Dalhousie’s most sustainable buildings, and
furthermore it established that the population was unaware it was closed on weekends. The
last two questions focused on the actual use of the building and if they would use the study
rooms or just the building in general. The majority of individuals who took the survey (268)
would use the building on weekends while 99 would have used it often. This confirms our initial
hypothesis that if more students knew about the building and its facilities they would then
want to use it. The final question, number seven, showed us that 262 respondents would again
use it if it was available and 99 would use it as their primary study space. This gave us over 50%
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of our sample size and confirmed our suggestion that LEED-buildings that focus on open, green
and bright spaces make better study spaces, as determined from the interest in the LEED-
certified Mona Campbell building. As highlighted in the literature review, the higher the
occupant satisfaction for workspace, cleanliness and building maintenance in a LEED building
can contribute to higher indoor environmental quality. This has been shown to reduce asthma,
respiratory allergies, depression and stress (Altomonte & Schiavon, 2013). This all contributes
to a better learning atmosphere for the student and a better work environment for the faculty
and support staff.

We state that the survey is an important addition to the energy efficiency data that we
collected and compared of Studley campus buildings. The survey would give the student body,
as well as faculty and support staff, a voice in the issue that is study space availability,
specifically in sustainable LEED-certified buildings. We realise that if the majority of the sample
size were not in favour of opening the building we would have an issue with conflict-of-interest
where our groups ideal is not supported by the general population. With the results showing
that the sample size was in favour of opening the building and using its facilities on weekends,
this solidifies our findings with the energy efficiency figures. The survey also considered the
advantages that LEED buildings posses; their build and design take into account much more
than just the layout, focusing on workplaces, open designs, air-flow, light, and green spaces.
The studies outlined in the background show an overwhelming increase in cognitive functions
and ability when students are exposed to these elements.

5.2 Building Energy Analysis

Our research results from analyzing the energy use of buildings on Studley Campus,

provided by Glen MacDougall, proved to be surprising in various ways. We compared the
average yearly kWh usage of the Mona Campbell to the Kenneth Rowe, the Goldberg Computer
Science, the McCain Arts and Social Sciences building, and the Life Sciences Centre. This data
provided kilowatt per hour (kWh) recordings every 15 minutes per hour, per day, per year. So
the graphs in Figures 1-7 are based on 15-minute average for the entire year. Additionally,
emailing with Glen MacDougall provided insight to the fluctuations we noticed in energy
consumption.

The comparison of the Mona Campbell and the McCain proved to be quite surprising, as
the Mona Campbell starts off using less energy on a yearly average of kWh, and then gradually
this shifts and the McCain begins using more energy. After thorough discussion with Glen
MacDougall, he brought light on the reasoning for this. There is a data centre in the Mona
Campbell, which is a large contribution of the power usage in the building. As the data centre
grows, the power usage grows. To cut back on energy expenditures, MacDougall and his team
determined that they could turn an entire cool system off which decreased the kW to mean by
almost 50 kW in November 2014. As a result of the cooling system being turned off,
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unfortunately the building’s humidity was extremely low, so two 37.5 kW humidifiers were
installed. These humidifiers cycle on and off, based on readings.

Another large contribution of power from the Mona Campbell is heating. The Mona
Campbell is heated through heat pumps, which are electrically powered. The McCain is heated
by both heat pumps and steam. Steam is the main heat source for the building, and there are
heat pumps on the 3™ floor, which are electrically powered. So, one can assume that the
energy consumption for the building would be higher if it is fully heated by electrical heat
pumps, although if the age of the building and the only slight difference of electricity used by
each building are taken into account, the Mona Campbell is still very sustainable energy-wise.
The building is built to maintain the heat within the building, and would not allow much heat to
escape unless a door is opened. Whereas the McCain is using just under the same amount of
energy and is only being heated electrically on the 3™ floor (out of 4 floors). This means more
cost is going towards the building being heated by steam on the 1%, 2" and 4" floor. The Mona
Campbell does not have the additionally cost. Another reason for the dip in energy use for the
McCain in 2014 was a malfunction of an entire air handler. According to Glen MacDougall, the
air handler was shut down for almost an entire year for maintenance, which would have had a
large impact on energy consumption.

The Goldberg Computer Science comparison to the Mona Campbell was quite surprising,
because it used quite a lot less energy than the Mona Campbell. After speaking with Glen
MacDougall on this matter, he clarified why this could be. The Computer Science building was
built in 1999, and has both heat pumps and steam. Due to the age of the building, the heat
pumps are quite ineffective and a large amount of steam must compensate for the heat the heat
pumps do not provide. So even though there is minimal energy usage, this is compensated by the
vast amount of steam used. The McCain’s energy use is higher than the Computer Science
building’s because it relies on their heat pump more than the Computer Science building.

The Kenneth Rowe used more energy than the Mona Campbell, but not by a great
amount. Similar to the Computer Science building, the Rowe is heated by steam and heat
pumps. Although, it’s energy consumption is higher than the Mona Campbell’s. This must mean
that the Rowe relies more on their heat pumps than on steam, and also the building is quite
large.

We compared the Mona Campbell to the Life Sciences Centre (LSC), which is broken into
two towers when recording energy, just to see how drastic the energy consumption in the LSC
is. One tower used over 400 kWh on average every 15 minutes. The second tower used over
600 kWh every 15 minutes.

The energy efficiency department is working on a project to developing alarms for each
building on kilowatts. These alarms will radar kWh usage, and also take into account weather,
holidays, weekdays vs. weekends, and semesters (September to April) vs. non-semesters (May
to August).
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6.0 Conclusion

Recommendations

While it would be difficult to re-organize university weekend operations, the findings we
have discovered should at least spark some sort of conversation regarding the buildings the
school chooses to keep open. Different buildings are depended on for different scholastic
functions, and while weekend availability is an important element of school operations, we feel
like there is still room for improvement.

We had originally intended to suggest closing one of the buildings that use more energy
on a daily basis during weekends and instead open the Mona Campbell. However, we did not
have the time to research how these buildings are used over the course of the weekend.
Therefore we would have been outspoken by making a solid recommendation, and we would
likely interfere with university management.

We spoke to Dalhousie’s embedded efficiency manager Glen MacDougall. He suggested
that the Computer Science building — despite not using much energy — uses a lot of steam to
heat itself. Having been built in 1999, the heat pumps are fairly inefficient. The Mona Campbell
could be a worthy replacement, but there may be weekend operations occurring in the
Computer Science building that would be unable to operate in the Mona Campbell. We took
these possible barricades into consideration.

Nonetheless, we recommend that the university building managers review our findings
and discuss a potential weekend closure that the Mona Campbell’s opening could replace for
the sake of preserving energy. Our research described the economic and social profits of LEED
buildings, and we hope that Dalhousie management notes these potential benefits.

Further Studies

We recommend that further research built off of the data and findings we have
compiled would be beneficial to creating a more sustainable Studley campus regarding building
energy use. Such research may include more intricate analysis of internal building energy use
sources (heating/cooling/water consumption), and more occupant satisfaction research
conducted for each building to measure social, academic, and health interests of specific
buildings. We feel these additional findings would further support the transformation of
Studley Campus sustainability.
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Appendix A

Survey for student population

A.
1.
2.

Please indicate if you are:
Dalhousie Student
Faculty

Support Staff

Have you ever been in the Mona Campbell Building?
Yes
No

C. Are you aware that the Mona Campbell Building has study space?

Yes
No

D. Have you ever used the Mona Campbell Building study space?

P wnNPe

@

PN

Yes
No

Are you aware that the Mona Campbell Building is not open on weekends?
Yes
No

How likely would you be to used the Mona Campbell Building should the building be
open on weekends?

Wouldn’t use it

Not likely to use it

Would use it sometimes

Would use it often

How likely would you be to use the Mona Campbell Building study space should the
building be open on weekends?

Wouldn’t use it

Not likely to use it

Would use it sometimes

Would use it exclusively for study space
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Sample Size

Using: http://www.surveysystem.com/sscalc.htm
Confidence Interval 5%

At a confidence level of 99%

From: http://www.dal.ca/about-dal/dal-at-a-glance.html
Total Students Enrolled at Dalhousie University 18 500
Sample Size: 643

Round up to 650 for accuracy

Compressed survey data totals and values used in excel to create graphs

611
20

19

254
396
311
339
175
475
138
512
97

186
268
99

120
169
262
99
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Appendix B

Occupant Satisfaction Factors

Categories included in the CBE occupant indoor environmental quality survey.

Office layour

Office furnishings

Thermal comfort
Air quality

Lighting

Acoustic quality

Cleanliness and
maintenance
General comments

Amount of space available for

individual work and storage

Level of visual privacy

Ease of interaction with co-workers

Comfort of office furnishings (chair, desk,
computer, equipment, efc.)

Ability to adjust furniture to meet your needs
Colors and rextures of flooring, furniture

and surface finishes

Temperature in your workspace

Air quality in your workspace | iLe. stuffy/stale air,
air cleanliness, odors)

Amount of light in your workspace

Visual comfort of the highting (e.2., glare, reflections,
contrast)

Moise level in your workspace

Sound privacy in your workspace (ability to have
conversations without neighbors

overhearing and vice versa)

General cleanliness of the overall building
General maintenance of the building

Your personal workspace

Building overall
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Occupant Satisfaction Results
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Building Cleanliness
Comfort of Fumishing
Amount of Light
Building Maintenance
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Waorkspace Cleanliness
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Building Operational Hours

QUTSIDE OF THE POSTED HOURS - A SERVICE

REQUESTS IS REQUIRED FOR ADDITONAL BA

BUILDING SCHEDULES
2014-2015

BUILDING MONDAY TUESDAY | WEDNESDAY | THURSDAY | — FRIDAY SATURDAY | SUNDAY
Arts Centre | 0BDO-2400 | 0800-2400 | 0800-2400 | 0800-2400 | 0B0O-2400 | 0B0D-2400 | 0B00-2400
Campbell Building | 0700-2200 | 0700-2200 | 0700-2200 | 0700-2200 | 0700-2200  CLOSED | CLOSED
Chase Building ~ 0730-1800 | O730-1800 | 0730-1B00 | 0730-1800 | 0730-1800 |  CLOSED CLOSED
Chemistry/Macdonald 0800 -1730 | 0800-1730 | 0800-1730 | 0800-1730 | 080D-1730 @ CLOSED CLOSED
Central Services | 0630-1700 | 0630-1700 | 0630-1700 | 0630-1700 | 0630-1700 |  CLOSED CLOSED
Computer Science K 1700 ; : ) 0 - 180
Dental Complex | 0645-2200 | 0645-2200 | 0645-2200 | 0645-2200 | 0645-2200 | 1000-1800 | 1200- 2000
Ounn Bullding | 0700-2200 | 0700-2200 | 0700-2200 | 0700-2200 | 0700 -21: 30 CLUSED CLOSED
Hicks Bullding T A : . ’ . R R
Kilom Atrm
Killam Library -
Law Library
Law Building 300 - B30 0B00-1630  0800-1630 L
Lemarchant Place* | 0700-2000 | 0700-2000 | 0700-2000 | 0700-2000 0700-1900 & 0900-1700 | 1030-1700 |
Life Sciences _(;en_tre_ - 0700 - 2200 | 0700-2200 | 0700-2200 | 0700-2200 | 0700-2200 | 0BOD-2200 | 0800-2200
LSRI B 0800-1700 | 0800-1700 | 0800-1700 | 0800-1700 | 0800-1700 | CLOSED | CLOSED
McCain ~0700-2200 | 0700-2200 | 0700-2200 | 0700-2200 | 0700-2200  0800-2200  0800-2200
Rowe | 0700-2200  0700-2200 | O700-2200 | 0700-2200 | 0700-2200 & 080D-2200 | 0B0D-2200
Sexton Campus BA | 1800-2400 | 1800-2400 | 1800-2400 | 1800-2400 | 1800-2400 | 0B0D-2400 | 0B00- 2400
SOS8 | 0800-1700 | 0800-1700 | 0800-1700 | 0800-1700 | 0B0D-1700 CLOSED CLOSED
Tupper Building BA®  1800-2300 | 1800-2300 | 1800-2300 | 1800-2300 | 1800-2300 | 0800-2300 | 0BOD- 2300
University Club | 0600 - CALL | 0600-CALL | 0600-CALL | 0600-CALL | 0600 - CALL CALL CALL
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