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ABSTRACT

This Master's Degree Project evaluates studies done in the past and conditions under which
large energy savings can be achieved through daylighting of perimeter office spaces in Canada.
This project further investigates the potential for displacement of electric lighting, using DOE2.1E
and EE4 energy simulation programs. Savings obtained with daylighting were analyzed in terms of
energy end use, energy cost and payback period for lighting controls.

Lighting is a major electrical energy end-use in buildings, accounting for 40 percent of total
electricity use. Results indicate that past studies substantially underestimated the potential for use
of daylighting in northern climates. A payback period of 2.1 — 2.6 years seems possible for north
zone perimeter offices, indicating significant potential of using daylighting for commercial buildings
in Calgary.

Keywords: Daylighting, Perimeter offices, Blind use, Lighting controls, Energy efficiency, Cost

efficiency.
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Figure 1.1 Shares of Energy Use by End-Use Sector, 1990-97

Source: - NRCan. Office of Energy Efficiency. Demand Policy and Analysis Division, Ottawa, Jan, 2000 (120)
Web Reference - http://www2.nrcan.gc.cales/ener2000/online/htmi/toc_e.cfm

In Canada, most energy is obtained from non-renewable resources. Buildings in the
commercial sector consume more than 479 million gigajoules of energy annually, equivalent to the
total consumption of 4 million Canadian households (NRCan 20033, 6). The survey data further
indicate that 69 percent of the buildings use natural gas at least to some extent, 50 percent use
electricity, and 8 percent use fuel/heating oil as a principle/major source of energy.

During the last 25 years, the potential of daylighting to reduce energy use in buildings has
been recognized. Energy efficiency has gained importance since the 1970's, stimulated by the

escalation of energy costs and concern for the protection of the environment.

Twenty-five years ago, we called it called energy responsiveness. Next, we called it
environmental protectionism, followed by environmentally sustainable design, and now,
green buildings. The names and solutions have evolved as we have better defined our
environmental imperative and possible solutions to it (Ternoey 1999, 1).

Energy efficiency aims at improving the efficiency of the systems and thus reducing the
demand for energy use in buildings. “An energy efficient building is one that provides the required
conditions of comfort, convenience, etc., under the specified conditions of utilization for the lowest
life cycle cost” (Kreider and Rabl 1994, 696).



Lighting is @ major energy end-use in buildings, which also affects heating and cooling loads.
Lighting for buildings in Canada costs about CAD $10 billion per annum (Love 1998a, 299). This
includes both energy and equipment costs. It constitutes 26 percent of energy use for large office
buildings in Canada (CBIP 2000, 13-15-B). Figure 1.2 shows energy demand by end use in
commercial buildings; building heating and lighting are dominant. Effective use of daylighting

conserves natural resources and reduces air pollution impacts due to energy production and use.
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Figure 1.2 Annual Component Breakdown of Energy Usage for a Typical Office Building in Canada

Source: - CBIP for Energy Efficient New Construction, Technical Guide, 2000 (13-15-B), NR Can
Web reference - http://oee.nrcan.gc.ca/newbuildings/guides/index_e.cfm?PrintView=N&Text=N

The Leadership in Energy and Environmental Design (LEED) is a system to evaluate
environmental performance of buildings, based on a rating system formulated by the US Green
Building Council (USGBC). It encourages the use of daylight in buildings to create a stimulating
and productive environment for building occupants (Cole 2002, 131). One can attain one credit
under the LEED rating system for adopting daylighting strategies that meet a specified standard.
LEED also recognizes energy savings from daylighting under the “energy optimization” category,

where one could attain up to 10 points.



1.2 Objectives

This thesis seeks to quantify the potential energy savings that could be achieved through
daylighting of perimeter office spaces in Calgary, Canada by revisiting research carried out 15-20
years ago. This project addresses fenestration designs for daylighting, specifically focusing on
low-glare energy-efficient architectural solutions for office buildings. The study would provide
support for designers, as they make a sequence of decisions that lead from the formulation of

daylighting concepts to the final implementation of daylighting strategies in a building.

The objectives of this project were:
1. To estimate the contribution of daylighting to overall energy use in buildings.

2. To study the integration daylighting systems to arrive at low energy solutions with good glare
control.

3. To study the potential for substituting daylight for electric light.
4. Address energy and cost savings obtained using daylight controls and systems to provide an
effective design solution for perimeter office spaces.

1.3 Organization of the Thesis

An overview of the contents by chapter is outlined below. Chapter 2 contains the literature
review on daylighting concepts and key issues. It provides information about the use of daylighting
in commercial buildings in North America. Further, it describes the DOE2.1E and EE4 energy
simulation programs used in this study. A comparison of previous studies is also presented.
Chapter 3 discusses the hypothesis and the methodology used for this study.  Chapter 4 details
the previous research done on daylighting in commercial buildings in Canada. It also presents the
deficiencies in the models, while comparing their models to current standards. Chapter 5 details
the prototypical type of office building (located in Calgary), to be used to test the hypothesis.
Chapter 6 discusses the energy performance studies done to identify the energy use as a result of
building operation by end-use. The results of the daylight study are presented in Chapter 7.
Finally, Chapter 8 concludes the thesis with the summary of the work accomplished and presents

conclusion and recommendation for future work.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Overview

“Daylighting in commercial buildings is fundahentally a systems integration challenge involving
building siting and orientation, fenestration design, lighting systems design, control systems
selections, and ongoing maintenance” (Selkowitz 1999, 232). Both functional and aesthetic

aspects of lighting must be considered in lighting the office environment.

Modem office buildings, based on fossil fuel based design approaches, should make use of
daylight to improve lighting quality while reducing energy costs. This building type is an excellent
archetype for implementing daylighting techniques because of high electric lighting power densities
and long daytime use patterns. Since office buildings are energy and capital cost intensive, this

area of the commercial sector warrants investigation.

The literature review is divided into the following sub-sections:-
2.2) Benefits of Daylighting

2.3) Daylighting the Sidelit Office

2.4) Daylighting Admission

2.5) Lighting Controls

2.6) Energy Simulation Programs

2.7) Previous Studies on Daylighting and Energy Use

2.2 Benefits of Daylighting

Daylighting can conserve non-renewable resources and reduce the adverse environmental
impacts associated with their use. Also, appropriate use of daylight shows significant increase in
human, environmental and economic performance (e.g., Heschong 1999, 2003). There are

several reasons of exploiting daylight as a source of renewable energy.



Consideration of daylight has the potential to influence the building orientation, form, scale, the
character of interior spaces and the way the interior space is perceived (Ander 2003, 13). Use of
daylight enlivens a building’s interior, with the play of light and shadows, providing a connection
with the outdoor environment.

The significance of daylighting as an energy conservation measure lies in the potential to
reduce electric lighting use and in HVAC downsizing, which would further lower the fossil fuel
requirements of the building (R. Johnson et al. 1984). Electric lighting controls are very important
in this. Most lighting professionals design a building with a constant electric lighting level
regardless of the level of daylight in the space. In an effectively designed daylighting system, the
electric light output should vary (either be eliminated or reduced) whenever sufficient daylight is
present. Daylighting cannot completely replace artificial lighting in buildings due to night time
requirements; however it can allow reduced use. Partial reduction of electric lighting use and
cooling loads while meeting occupant preference and providing visual relief, as discussed in
Section 2.4 and 2.5, may provide benefits. The key energy related strategy in office buildings,
which are mainly occupied in daytime, is the integration of daylighting with electric lighting.
Lighting in buildings affects heating and cooling loads, and both annual operating and mechanical
system initial costs can be reduced with appropriate use of daylighting systems. The introduction
of light, whether it is daylight or electric light, adds heat to a space. However, daylight adds less
heat to a space for the same amount of light than most electric lighting systems, reducing demands
on HVAC systems.

The visual effect of lighting is important as part of the total office environment. Evidence that
daylight is desirable can be found in observations of human behaviour in relation to the
arrangement of office space. Daylight is a full spectrum light, which most closely matches the
human visual response (Ander 1995, 25) and is also considered the best source of light for good
colour rendering (IEA 2000, 1-1). “Daylight is desired because it fulfills two very basic human
requirements to be able to see both a task and the space well, and to experience some
environmental stimulation” (IEA 2000, 1-1). Use of daylighting has a strong emotional appeal and
numerous studies have conclusively demonstrated a marked preference for daylight over any other
form of lighting (e.g., Heschong 1999, 2003, Selkowitz 1999).



Several studies done in the past demonstrate the benefits of daylighting in commercial
buildings in terms of occupant performance, which convincingly show the benefit of daylighting
over electric lighting. Studies have shown that productivity increases dramatically for those
building occupants working in daylit areas relative to non-daylit (windowless) spaces (Heschong
1999, 2003). Building occupants with more control over their environment also tend to be healthier
and more productive (Heschong 1999, 2). Heschong Mahone Group (1999) studied the effect of
daylighting on human performance, and the field tests indicated a 20-26 percent increase in
productivity in students with daylighting in their classrooms relative to classrooms having no
windows or toplighting. Similarly, students in rooms with large window areas progressed 15
percent faster in mathematics and 23 percent faster in reading skills than those in classrooms with
the least amount of window area. Students in classrooms with skylights and daylight controls
showed an increase in test scores by 20 percent compared to the students in room lacking
skylights (Heschong 1999, 3). Also, students with operable windows in the classroom were found
to progress 7-8 percent faster than students with fixed windows. However, the research did not
quantify increase in student performance as a function of window area and the amount of daylight
provided in the space. That is, the amount of window area required to produce a given
improvement in performance between the extremes is still to be determined. More recently, the
same group studied the effect of daylighting in 73 retail store locations in California (Heschong
2003, 5). The study showed an increase in 40 percent (maximum effect in most favourable stores)
increase in retail sales in daylit areas. Also the employees reported higher satisfaction with lighting
conditions in daylit stores over non-daylit stores. However, it is not clear whether it is the
availability of natural light in the space that enhances the occupant performance or the connection
to the outdoor physical environment.
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Figure 2.1 Benefits of Daylighting

Source: - Daylighting Guide for Canadian Commercial Buildings, Public Works and Government Services Canada
2002, (6). Web reference -
http://www.advancedbuildings.org/Daylighting%20Guide%20for%20Canadian%20Buildings %20Final6.pdf

2.3 Daylighting the Sidelit Office

Perimeter areas of office buildings offer good potential for daylighting (R. Johnson 1984, 305).
Daylighting in perimeter office spaces is far more complex and dynamic than apparently the simple
task of providing a specified illuminance on the working plane. Coordination of use of natural light,
building siting and orientation, fenestration design, lighting systems design and daylight-responsive
electric lighting controls can result in significant cost savings in perimeter office spaces. The
orientation of daylighting apertures and their transmittance (defined as the ratio of the total
transmitted light to the total incident light) have a great influence on the amount of natural light that
reaches the indoors. In addition, the space geometry, ceiling height, ground reflectance and the
influence of surrounding buildings also play a role in determining the performance of the daylighting



system. The challenge is to control glare from sunlight while achieving useful penetration of diffuse

daylight.

lllumination from the sky varies with season, location, time of day and sky condition, unlike the
constant illumination provided by electric lighting. As a result, design of both daylighting and
electric lighting controls needs to address changing lighting conditions. On one hand, the control of
daylight entering the space is crucial to provide adequate quantity and quality of light and, on the
other hand, the control of electric lighting output saves energy and improves the overall distribution
of light when daylight is insufficient. For both of these systems, user satisfaction and acceptance is
vital. In addition, particular care should be taken to avoid glare, which would reduce system’s
effectiveness (Love 1998a, 302).

Electric
}
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' 'msm;’“—. Conftroller |— Control — D'ﬂ"m!'"ﬂ
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- Daylight

Figure 3.2 Daylighting Controls in a Sidelit Office

Source: - Tips for Daylighting with Windows, Connor et al. 1997, (55)
Web reference -http://windows.lbl.gov/pub/designguide/dlg.pdf
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As seen in Figure 2.2 (Connor et. al 1997, 55), a unilateral daylighting system includes
window, overhangs, blinds and electric lighting with controls to make daylight perform as an
integrated system in a building. Admitting daylight to a space will not lead to energy savings if the
electric lighting is not dimmed or turned off. Hence, daylight-responsive control of the electric
lighting is essential. The figure shows an office module with a photoelectric dimming system. The
ceiling-mounted photosensor detects both electric light and daylight in the space, and adjusts the
electric lighting output as required, to provide the total design illumination. Love (1998b, 49)
suggested that greater energy and cost savings can be obtained using daylighting systems with
appropriate shading and electric lighting controls discussed in Section 2.5.

2.4 Daylight Admission

Daylight reaching a point in a space can be divided into components representing light from
different sources such as the sky, the ground, and the exterior and interior reflecting surfaces.
Daylighting designs are based upon the geometric relationship between the space being daylit and
the size, shapes, locations and transmittance of the fenestration that provides natural illumination.
Through the manipulation of these factors, the penetration, distribution, quantity and quality of
daylight penetrating a space can be changed. Sidelighting and toplighting are the two most
common daylighting techniques. Sidelighting uses the walls of the building, whereas toplighting
uses the roof as the location of daylighting apertures. However, toplighting is of minimal use in
multi-storied commercial buildings as it can illuminate only one-two floors. It is most commonly
used only in the atriums and lobby spaces. Sidelighting, on the other hand is most commonly used
in office spaces to provide both natural illumination and view to the outside environment. In
analyzing sidelighting concepts, the most commonly used rule of thumb is that usable daylight from
windows penetrates a space for a distance not greater than 1.5 times the window head height for
diffuse light, as seen in Figure 2.3. The higher the window head, the deeper daylight is admitted
into the space.
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Figure 2.3 Daylight Penetration

Source: - Tips for Daylighting with Windows, Connor et al. 1997, (13)
Web reference -http://windows.lbl.gov/pub/designguide/dlg.pdf

Sidelighting provides light that sweeps across horizontal work planes with the maximum
illuminance level occurring at the window and decreasing geometrically as the distance from the
window increases. After entering the space, daylight interacts with the interior surfaces. The

choice of colors, textures, building materials and furnishing affects the diffusion of daylight
throughout the space.

Acting as a filter between the internal and the external environment, the building envelope, and
windows in particular, alter the indoor environment in terms of heat, light, sound, visual contact,
and physiological well-being. Windows have both negative and positive impacts. Among the
desirable effects are daylight admission and contact with outside; among the negative effects are
glare, infiltration, transfer of noise and loss of privacy. The effectiveness of a daylighting design
depends on both the physical and geometrical properties of windows. In addition to the size of the
window, the type and number of glazing panels, shading coefficient, solar heat gain factor, time of
exposure and climatic conditions are also very important design factors to be considered. Daylight
illuminance from windows has proven to increase visual performance more than equal illumination

from conventional electrical lighting for the same thermal heat gain (Heschong 2003, 7).

Shading devices, while varying in design usually consist of horizontal, vertical or oblique sets
of louvers to prevent sun penetration. Shading systems can be divided into, 1) exterior shades
situated outside the window or skylight, and 2) interior shades such as drapes and venetian blinds.
These shading systems can either be fixed or movable; and can be operated manually or
automatically with the help of sensors. The shades/blinds can automatically be deployed to reduce
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