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Abstract
Modeling, Control & Performance Evaluation of Bottom-up
Motorized Shade
by Konstantinos Kapsis
Integration of daylighting into buildings using motorized interior shades is challenging. If
it is done properly, reduction of energy for artificial lighting and eventually building cooling
demand

can be achieved, while providing an improved visual and thermal

office

environment, beneficial for the occupants' health and performance. If it is poorly done, it
can lead to increased cooling demand due to overheating, thermal discomfort and glare
problems.
In this study, the daylighting and thermal performance of "bottom-up" shades was
presented. The bottom-up is a motorized roller shade that operates in reverse of a
conventional roller shade (opens from top to bottom), so as to cover the bottom part of the
window, providing privacy to the occupants, while allowing daylight to enter from the top
section.
A daylighting simulation model, validated with experimental results, was developed in
order to establish correlations between the shade position, outdoor illuminance and work
plane illuminance for different outdoor conditions as well as to allow a sensitivity analysis of
the impact of shade optical properties on the results. Moreover, the model was used to
compare "bottom-up" shades with conventional roller shades. The results showed that the
Daylight Autonomy (DA) for the bottom-up is 8%-58% higher than the DA for a
conventional roller shade, with a difference of 46% at the back part of the room, away from
the facade, where the use of artificial lighting is usually more needed, proving the advantage

of bottom-up shade versus conventional roller shades, by allowing the natural light to enter
from the top section of the facade deep into the room
Thermal experiments were conducted to examine the possible advantages of the use of a
bottom-up shade's "sealed" cavity, showing increase of the effective thermal resistance of
the fenestration, compared with no shades and with conventional roller shades
Finally, a methodology is proposed for the development of a control algorithm for a
bottom-up shade, applicable for any location and orientation
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Chapter 1: Introduction
1.1 Background
In 2005, lighting energy consumption amounted to 30% of total global electricity used in
the commercial building sector, an estimated 1133 TWh (Waide & Tanishima, 2006). In
Canada this percentage is less but still significant at 9.4% of national total electricity
consumption in the sector, an estimated of 30 TWh (NRCan, 2007). Moreover, artificial
lighting is not only responsible for considerable amount of electrical loads on commercial
sector, but it can also cause excessive cooling loads as a side effect of its extensive use.
As

commercial

buildings

with

largely

transparent

facades

become

mainstream,

daylighting is experiencing renewed attention as an important aspect of building lighting
design; an architectural statement that is part of an overall sustainable design able to
contribute to the energy and environmental solution. In addition, the benefits of daylighting
extend beyond energy and architecture. Research confirms that daylighting improves health
and well-being, and increases the occupants' productivity (Heschong, 2002). However,
daylighting design requires careful system integration, as it can lead to design failure (e.g.
overheating due to excessive solar gams, glare problems due to over-illuminated spaces,
thermal discomfort due to radiant asymmetry caused by highly-glazed surfaces, etc.).
In order to properly integrate daylighting into a building, shading devices should be
considered as an integral part of the HVAC and lighting system of the building. Ability to
control the solar gains, optimize lighting levels and protect the occupants from visual and
thermal discomfort, well-designed and controlled shading devices can drastically reduce
building cooling energy demand and electric energy consumption.

/

1.2 Bottom-Up Roller Shade
The bottom up (see Figure 1 1) is a motorized roller shade that operates in the opposite
direction of a conventional roller shade (opens from top to bottom)

Its advantage,

compared to conventional roller shades, is that it covers the bottom part of the window,
providing shade and glare protection as well as privacy to the occupants, while allowing
dayhght to enter from the top section and illuminate the space (see Figure 1 2)

Figure 11 Comparison of a conventional roller shade (on the left) with a bottom-up roller
shade (on the right), emphasizing the operational direction

The concept of three section facade, where the lower part is the spandrel, the middle
section is the "viewing section" and the upper section is the section used for dayhght
benefits, is not new Previous research has been made (Galasiu et al, 2004, Tzempelikos et
al, 2007), demonstrating the advantages of using this advanced dynamic
configuration in office daylighting performance
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fenestration

J

Daylight section
(upper)

\ Viewing section
I
(middle)

4

Spandrel
(bottom)

Figure 1 2 Using bottom-up shades in a three-section facade concept
Somfy Canada Inc

manufactured a prototype bottom-up roller shade, donated to

Concordia University for daylighting and thermal performance experiments The prototype
shade has a single motor, positioned at the top part of the shading device (similar to
conventional motorized roller shades) that drives the shade in both directions, through cords
attached on the two upper corners of the shade It moves between vertical aluminum tracks
(that contain the cords) attached to the window frame, keeping the fabric taut during shade
extension and retraction Hence, as part of the frame, the bottom up shade is able to nearly
seal the cavity between the glazing and the shade, compared to the loose sides of a
conventional roller shade (see Figure 1 3)

/
rTV

inn i "-•

Figure 1 3 Comparison of a conventional roller shade (on the left) with a bottom-up roller
shade (on the right), emphasizing the "sealed" cavity
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1.3 Motivation
Ongoing development of new fenestration systems results in a wide variation of shading
devices in the market. Despite the broad range of computer software available, most of them
use simplified models to simulate shading devices' thermal and daylight performance,
without considering their specific properties (e g. specular reflectance or transmittance, solar
angular dependence on visual or thermal properties, etc.), that can differ their overall
performance and make one shading device more suitable for a specific application. In
addition, the variation of control strategies available in the majority of computer software is
poor, further reducing the value of the comparison between shading devices and proper
integrated control strategies.
The bottom-up is a new kind of shade with significant potential to improve comfort
while reducing energy consumption through increased daylight utilization. However, to
achieve this potential mathematical models and methods need to be developed for the
design and control of bottom-up shades, as it is difficult, if not impractical, to use available
software to simulate its daylighting and thermal performance. Thus, there is a clear need for
work that will support the design of daylighting systems that incorporate bottom-up shade,
as well as control algorithms for their control - both alone and in conjunction with lighting
and HVAC.

1.4 Thesis Objectives
The main objectives of the thesis are the following:
•

Study the daylighting performance of bottom-up roller shades as well as their effect
on artificial lighting energy consumption, in commercial building applications.

4

•

Develop control algorithms for automatically moving the shade so as to avoid direct
sunlight on the occupant at all times, while maximizing dayhght provision and
outdoor view, and maintaining the workplane illuminance levels within acceptable
range.

•

Investigate the possible thermal advantages of the use of the "sealed" cavity on the
thermal performance of the fenestration.

1.5 Thesis Overview
Chapter 2 presents a general overview on literature related to the control and
performance of dynamic shading devices, integrated into commercial buildings' fenestration.
Furthermore, an essential review on the nature of hght and its effects on human health and
performance is presented.
Chapter 3 presents a daylighting/lighting numerical model, for office spaces with
bottom-up or conventional roller shades, developed based on radiosity (Athienitis &
Tzempehkos, 2002; Murdoch, 2003) and ray tracing (Glassner, 1989) theories . Two control
strategies are introduced in order to ensure proper lighting conditions: the 'Glare-Free Z o n e '
(GFZ) and the Acceptable Workplane Illuminance (AWI). A general methodology is
proposed in order to obtain control algorithms for bottom-up motorized shades, applicable
for any location and orientation around the world. Finally, a sensitivity analysis of the impact
of bottom-up shade optical properties on the annual daylighting and lighting energy demand
is presented as well as an annual comparison of a bottom-up shade with a conventional
roller shade of equal transmittance, in terms of dayhght performance
consumption on artificial lighting.

5

and

energy

Chapter 4 presents the experimental study of a prototype bottom-up roller shade The
results of this study are used for the verification of the dayhghting/lighting numerical model.
The thermal performance of this innovative shading device is investigated as well and a
comparison with a conventional roller shade is made. Finally, a third control strategy is
introduced, apphed when the occupants are absent, giving priority to the thermal
performance of the fenestration.
Chapter 5 presents the conclusions of this study and recommendations for future work.
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Chapter 2: Literature Review
2.1 Introduction
This chapter gives an overview of significant literature related to the control and
performance of dynamic shading devices, integrated in fenestration commercial buildings.
Due to the lack of any literature related to bottom-up shades, this review focuses on the
daylighting, thermal and energy performance of various shading devices (roller shades and
Venetian blinds) which have been previous studied. The knowledge gained from these
studies can be generahzed and applied to the modeling and evaluation of daylighting
performance of new innovative shading devices (e.g. bottom-up shade), as well as to the
development of control algorithms.
In addition, this chapter presents an essential review on the nature of hght and its effects
on human health and performance.

2.2 Sun and Daylight
Our solar system consists of the sun and several celestial bodies (planets, asteroid belts
etc.) -that are on gravitational orbit around the sun- all of which formed from the collapse of
a giant molecular cloud approximately 4.57 billion years ago (Lang, 2001).
Despite its relatively small star size, the sun has a diameter of 1.39xl0 6 K m and
constitutes about 98.6% of the solar system mass. It generates its energy by nuclear fusion of
hydrogen nuclei into helium, therefore its temperature varies from 40x10 6 K (core) to 5800K
(photosphere).
As the nearest star to the earth, the sun is the dominant source of energy on earth. The
photosphere is the source of most solar radiation (Sen, 2008). As a result, the solar radiation
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at the top of the earth's atmosphere is similar to that which a perfect black body emits at a
temperature of 5800K, with the solar spectrum peak occurring between wavelengths of 3 8 0 770 nm (visible range). As the sunhght penetrates the earth's atmosphere, some of the
wavelengths are absorbed by atmospheric constituents (ozone layer, water vapour, CO z ,
etc.), reducing the solar radiation that reaches the earth's surface (see Figure 2.1). Hence, the
power intercepted by the earth at the top of the atmosphere has an average value of 1360
W/m 2 , where at sea level it varies from 80 W / m 2 to 1200 W / m 2 during the solar noon, due
to latitude, season and weather conditions.
Visible
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Figure 2.1: Solar electromagnetic spectrum (Sen, 2008)

In terms of luminous efficacy (lm/W), sunlight is more efficient than the majority of
artificial lighting used in commercial buildings

(sec Table 2.1), providing a broad

electromagnetic spectrum with excellent colour rendering that creates interesting, dynamic
interiors supportive of human health and performance (Leslie, 2003).
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Table 21 Light sources used for commercial buildings (U S DOE1)
,r. •^tPl"'** *
Incandescent lamp
Tungsten-Halogen lamp (TH)
Linear Fluorescent lamp
Compact Fluorescent lamp
Solid state lamp (LED)
Direct Beam Sunlight

2600-3000
2800 3400
2900 7000
2900 7000
2600-6000
5800

10-18
15 20
50 100
35 60
25-100
80-120

, pli#»l*,^i

1* 4j|

750-2000
3000-4000
20000-30000
8000-10000
35000-50000
-

2.3 Visual Comfort
Most lighting standards require an office workplane illuminance of at least 500 lx where
paper work is carried out However, when visual display units (VDUs) such as computer
monitors are used, the workplane illuminance should be lower than 500 lx (Rea, 2000) In all
cases the work plane illuminance should never be below 100 lx and should not exceed 2000
lx, as this is likely to produce glare (Nabil & Mardaljevic, 2006)
"Glare is the sensation produced by luminances within the visual field that are
sufficiently greater than the luminance to which eyes are adapted" (Murdoch, 2003). There
are two types of glare which can occur in an office space - Disabihty and Discomfort
Disabihty glare is a physiological effect that reduces visibility caused by a reduction of
contrast, due to a bright hght source (e g direct sun or an unshaded bright window reflected
on a VDU) Discomfort glare is a psychological effect - therefore, a subjective phenomenon
— which produces annoyance due to high contrast between luminous sources and room
surfaces (e g hght fixtures, windows and reflections from shiny surfaces) but usually without
affecting the visual task It is highly affected by the angular displacement of the source from
the observer's line of sight as well as by the size of source of glare (Osterhaus & Bailey,
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