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ABSTRACT
This paper presents the findings on the impact of two win-
dow shading control strategies on office building thermal
and lighting loads over a year’s period through energy
simulation in four different climatic contexts in the United
States.
While it is well known that window shades affect heat gain
and loss through windows and thus building energy loads,
there is limited information on the actual magnitude and
specific behavior of their effects on the building thermal
and lighting loads. The objective of the described study
is to generalize the magnitude of the impact from window
shading control strategies on building thermal and light-
ing loads over a year by modeling a representative office
building construction in indicative geographical locations
as well as internal window shades representative of those
that are commonly used.
Two control algorithms are developed and evaluated
which are the ideal algorithm and implementable. The
basic principle of both of the algorithm is to maximize
heat gain and minimize heat loss when the building is
in heating condition, and performs the opposite when the
building is in cooling condition, subject to glare control.
The ideal algorithm is an optimized algorithm, however,
some of the information that is used in the ideal algorithm
is not available for a “real world” controller. Therefore,
a simplified implementable shading control algorithm is
also described, which will take sensor measurable outdoor
and indoor conditions as input, including outdoor dry bulb
temperature and transmitted solar radiation.
EnergyPlus (Version 3.1) is used to conduct the yearly
thermal and lighting loads computation. The control al-
gorithm is implemented through the BCVTB (Building
Control Virtual Test Bed). BCVTB is a software environ-
ment that allows expert users to couple different simula-
tion programs for distributed simulation or for a real-time
simulation that is connected to a building control system.

INTRODUCTION
It is generally believed that window shades can affect
transmitted solar radiation through windows and thus heat
gain and heat loss through the windows. Therefore, win-
dow shades will affect the building thermal energy loads
and lighting energy loads. However, few research studies
and results were published on the specific behavior of the
window shades with proper control strategies, and result-
ing magnitude of the impact on the building energy loads
over a year’s period.
Gratia and Herde (2007) compared energy consumption
of different shading device positions in a double skin fa-
cade. One day heating and cooling loads simulation was
conducted using weather data in Uccle (Belgium) on a
sunny summer day. Results showed a 14.1% reduction
of the cooling energy consumption in this sunny summer
day by employment of the shading device. The best posi-
tion of the shading device was also recommended, which
is in the middle of the cavity of the double facade. The
loads reduction difference between the best position and
other position is 13.5%. It was concluded that the position
is more important than the color of the shading device in
terms of thermal energy loads reduction.
Raeissi and Taheri (1998) developed a model to calculate
the hourly cooling loads of buildings with fixed window
overhangs on the outside of the facade. Simulated result
was validated with field measured data in a house in Shi-
raz, Iran. An optimized overhang size was recommended,
which minimize both cooling load and heating load for
buildings at latitudes of 29.6◦. A 12.7% reduction of cool-
ing load was achieved with the recommended optimized
overhang. However, the heating load was increased by
0.6% in the cooling dominated climate in Iran.
Cheung and Chung (2006) proposed a method to predict
sunlight duration on windows in a densely packed build-
ing environment. Using the method, optimum external
shading configuration were suggested for different facade
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orientations to minimize sunlight exposer in Hong Kong.
Capeluto (2003) analyzed the energy performance of self
shading building envelope, which is shaped in a manner
that allowing partial self-protection from solar radiation
during a required period. Such as upside-down pyramid
shaped structure, very deep windows to avoid the pene-
tration of direct solar radiation into the buildings. Results
shows self-shading facade performs best in east and west
facing orientation. The use of internal blinds is not benefi-
cial to south facing self-shading facade. However, internal
blinds are helpful for west and east facing facade with or
without self-shading facade.
Tzempelikos and Athienitis (2007) conducted a simula-
tion based integrated thermal and daylighting analysis for
building facades to optimize fenestration performance for
perimeter office spaces with respect to energy efficiency
and human comfort. It was found that with 20% transmit-
tance and simultaneous control of an exterior roller shade
device on south facade together with lighting control lead
to minimization of both cooling and lighting load.
Shen and Hong (2009) conducted a simulation study to
quantify the energy saving benefits of integration of con-
trollable window transmittance and dimmable lighting
system under difference climate conditions. Results show
that reductions of energy saving from HVAC systems
(Heating Ventilation and Air Conditioning) range from
1% to 40%. Reduction can be ranged from 3% to 43%
if the control of HAVC system is also integrated with the
window and lighting control system. Reductions were
found decreasing moving from humid to dry to marine
climates.
This paper presents an effort to investigate the magni-
tude of the impact that window shading control algorithms
have on building thermal (heating and cooling) loads and
lighting loads over a year, with an ideal algorithm and a
simplified implementable algorithm. The ideal algorithm
is developed to maximize heat gain and minimize heat loss
when the building is in heating condition, and performs
the opposite when the building is in cooling condition sub-
ject to glare control. Some of the information that is used
in the ideal algorithm is not available for a “real world”
controller. Therefore, a simplified implementable shading
control algorithm (referred to as implementable algorithm
here after) is also described, which will take sensor mea-
surable outdoor and indoor conditions as input.
EnergyPlus is used to conduct the yearly energy loads
computation. The control algorithm is implemented in
the BCVTB (Building Control Virtual Test Bed). The
Building Controls Virtual Test Bed (BCVTB) is a soft-
ware environment that allows expert users to couple dif-
ferent simulation programs for distributed simulation or
for a real-time simulation that is connected to a building

control system. BCVTB enables data exchange between
domain simulation tools at each time step. In this inves-
tigation, EnergyPlus will calculate the transmitted illumi-
nance through windows, heating or cooling mode, number
of occupants, glare index for each zone. BCVTB will col-
lect the data and send the data to the control algorithm.
On receiving the information, the control algorithm, im-
plemented in Ptolemy, will decide the position of the each
of the shades, and the control signals will be sent to Ener-
gyPlus. EnergyPlus will then calculate the thermal loads
and lighting loads. Followings are the analysis conducted
in this paper:

• Whole building and perimeter zones’ loads (heating,
cooling and lighting) comparison between no shade,
implementable algorithm and ideal algorithm;

• Whole building and perimeter zones’ loads (heating,
cooling and lighting) comparison between no shade,
implementable algorithm and ideal algorithm, with
EnergyPlus daylighting control activated;

BUILDING MODEL
Geometry Setup

The benchmark building model of large office is selected
as the building model in this study. The U.S. Department
of Energy (DOE) Building Technologies Program and the
DOE research laboratories developed a set of 16 hypo-
thetical benchmark buildings, which are representative of
new commercial building stock and meet the minimum
requirements of ANSI/ASHRAE/IESNA Standard 90.1-
2004. The benchmark building definitions are complete
descriptions suitable for whole building energy simula-
tions (Deru, Griffith, and Torcellini (2006)).
The building is set at a north-south orientation, and it is an
rectangle-shaped office building with 12-story plus base-
ment. Total floor area is 46,320 m2 (498,588 f t2), and
the window-wall-ratio of the office area is 0.38. The 3 di-
mensional and plan view of the building model are shown
in Fig.1. The model consists of 19 thermal zones, each
floor is divided into four perimeter zones and one core
zone. The typical middle floors (from 2-11) are simulated
with one representative floor and is multiplied to repre-
sent other typical floors. Therefore, there are four repre-
senting floors in the model, which are the basement, the
bottom floor, the middle floor and the top floor. There are
12 thermal zones with windows on the facade, which are
the four perimeter zones from the bottom, the middle and
the top floor. Shading devices will be deployed in those
12 perimeter zones. The original model of the benchmark
building comes with a VAV (Variable Air Volume) system
to condition the building. For the purpose of this study,
which is to look at the shading control algorithm’s impact
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on heating and cooling loads of the building, and to elimi-
nate the effect of HVAC system, the ideal loads air system
is used to replace the VAV system.

(a)

(b)

Figure 1: The overview of the building. (a) 3D illustration
of the building. (b) Plan layout the typical floor.

Construction Materials

The model constructions meet the minimum requirements
of ANSI/ASHRAE/IESNA Standard 90.1-2004 as sum-
marized in Table 1, and the detailed properties of the
shades are listed separately in Table 2.

Table 1: The model construction materials.
Location Climate

Zone
External
Walls Roof Window

U value
(W/m2 ·
K)

U
value
(W/m2 ·
K)

U
value
(W/m2 ·
K)

SHGC

Visible
Trans-
mit-
tance

Miami 1A 2.38 0.36 5.84 0.25 0.11
Phoenix 2B 2.38 0.36 5.84 0.25 0.11
Los
Ange-
les

3B-
CA 0.85 0.36 3.24 0.25 0.11

Boston 5A 0.85 0.35 3.24 0.39 0.31

Table 2: The radiative and thermal property of the shades.
Solar transmittance 0.1
Solar Reflectance 0.8
Visible transmittance 0.1
Visible reflectance 0.8
Infrared hemispherical emissivity 0.9
Infrared transmittance 0.0
Thickness m 0.005
Conductivity W/m-K 0.1
Shade-to-glass distance m 0.05
Top opening multiplier 0.5
Bottom opening multiplier 0.5
Left-side opening multiplier 0.5
Right-side opening multiplier 0.5
Air flow permeability 0.0

Occupancy Schedule

The office area in the modeled building are occupied dur-
ing regular office hours from 6:00AM to 12:00AM with
different level of occupancy densities, simulating typical
office occupancy schedule. The occupancy level at each
time steps is shown in Fig.2.
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Figure 2: The occupancy level for typical work day.

Internal Loads Assumptions

1. Occupants, equipments, lighting and infiltration:

The internal office space heat gains applied in the building
model are consistent with data provided in the ASHARE
Fundamental Handbook for office buildings in the United
States. The office space heat gains due to people, electri-
cal equipments and electrical lights follow the above men-
tioned occupancy schedule that represents typical office
working hours. Infiltration at perimeter zones is at a rate
of 0.4 c f m/ f t2 of facade area. Occupants, equipments,
lighting are summarized in Table3).

Table 3: The occupancy density and heat gains from
equipments and lighting.

Units Office Basement
Occupant
density person/m2 0.0538 0.0269

Electrical
equipment W/m2 8.07 4.84

Electrical
Lighting W/m2 10.76 10.76

Locations

Four different locations in the United States are chosen
representing different climatic zones. They are:

· Boston, Massachusetts
· Los Angeles, California
·Miami, Florida
· Phoenix, Arizona

Using the hourly weather data from the U.S. DOE En-
ergyPlus website, the heating and cooling schedules are
used to calculate the number of heating and cooling de-
gree (Celsius) hours indicative of the climatic profile of
the four locations. The annual total diffuse and direct so-
lar radiations at each location is also presented (Fig.3).
Boston and Phoenix represent the extremities in the se-
lection, with the former having the highest annual heating
degree hours and lowest solar radiation, while the latter
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has the highest annual cooling degree hours as well as the
highest solar radiation received.

 

Weather File Analysis
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Figure 3: The weather analysis of the selected locations
for simulation study.

SHADING CONTROL SIMULATION
Traditional building energy simulation tools provide lim-
ited freedom for implementing control algorithms for
shading devices. In this investigation BCVTB is used
as information exchange platform. BCVTB supports real
time information exchange at each time step between
building energy simulation tool and control model, which
provide more freedom for control algorithm implemen-
tation. Control model can be implemented in a dedicated
control modeling programs such Ptolemy II, which is used
in this study for the shading control algorithm. Energy-
Plus (version 3.1) is used to conduct the building thermal
calculation. Input information needed by the algorithm
are generated by EnergyPlus and collected by BCVTB.
On receiving the input information, the control algorithm,
implemented in Ptolemy, will send the control signal to
EnergyPlus through BCVTB, and will be used in the next
time step. The exchanged information includes trans-
mitted illuminance through windows, heating or cooling
mode, number of occupants, calculated glare index for
each zone and position of the shading device.
An ideal shading control algorithm and an implementable
simplified algorithm are described in detail in the follow-
ing section. Both of the algorithms operate the shades in
two states, fully down or fully up. The two algorithms
share the same logic that is to minimize the heating and
cooling load of the building.

Ideal Shading Control Algorithm

The basic principles of the ideal control algorithm for the
building heating mode are: to maximize solar transmis-
sion in the day time, when there is no glare; to minimize
heat loss during the night time. The principles for building
cooling mode are: to minimize solar transmission in the
day time; to maximize heat transmission to the outdoor in
assisting free cooling of the building in the night time.
The sky condition is divided into four conditions: night

(illuminance equals zero), overcast (illuminance level be-
tween zero and 620 Lux), sunny (illuminance greater than
620 Lux) and glare index exceeding the maximum al-
lowed conditions. Furthermore, the glare condition may
happen both in the overcast sky condition and the sunny
condition. Therefore, glare condition will override the
overcast and sunny sky condition. EnergyPlus will per-
form the glare index calculation and the reference point
for glare index calculation is positioned at the middle of
each perimeter zones with 1 meter height above the floor,
with a view direction that is parallel with the window in
each zones. The maximum allowable glare index for of-
fice is 22. When calculated glare index greater than 22
and the room is occupied, the shade will be lowered down.
Detailed description of the ideal shading control algorithm
is listed in Table 4 and Fig.4.

Implementable Shading Control Algorithm

It is believed that the basic control logic of the shading
devices should come from the conditioning state of the
building, i.e., the heating or cooling mode of the build-
ing. However, it is difficult for the physical control mod-
ule (the hard ware) to detect the cooling or heating mode
of the building, thus a compromised solution is chosen.
The information that are needed for the ideal model, such
as the conditioning mode of the room, and glare index, are
simplified in the implementable algorithm.
The basic principles of the implementable algorithm re-
mains the same as that of the ideal algorithm. In order
to obtain the information of the room conditioning mode
(heating/cooling), a compromised method using the out-
door dry bulb temperature is used, as is described in the
following. The weather condition is first divided into four
seasons. Winter is considered for heating only, and sum-
mer is considered as cooling only. When it is in swing
season, such as spring and autumn, a neutral temperature
of 18◦C for the building is used. If the outdoor dry bulb
temperature is greater than 18◦C in the swing season, it
is assumed that the building is in the cooling mode, oth-
erwise it is assumed in heating mode. The illuminance
sensor can be used for solar radiation detection. The glare
index is not possible to detect. In the implementable al-
gorithm, the shade will be deployed for condition of ex-
cessive illuminance, when transmitted solar on the win-
dow exceed 15000 Lux. Excessive illuminance (defined
as ”too sunny”) may potentially impact occupants perfor-
mance, and the shade will be lowered down.
The inputs for the implementable algorithm, including
outdoor dry bulb temperature, date and illuminance on
windows, are obtained from EnergyPlus. A program is
developed to generate a yearly schedule of the shade posi-
tions for each windows and for each of the four locations
that are under investigation in this study.
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Table 4: The algorithm for the ideal shading control.
Sky Condition Room conditioning mode Room Occupancy status Shade position

Night Overcast Sunny Glare Heating Mode Cooling
Mode Occupied Not-Occupied

√ √
- - down√ √
- - up√ √ √

down√ √ √
up√ √ √
up√ √ √
down√ √

- - up√ √
- - down√ √

down

Figure 4: The diagram of the ideal shading control algorithm implemented in Ptolemy II.

Table 5: The algorithm for the implementable shading control.
Sky Condition Room conditioning mode Room Occupancy status Shade position

Night Overcast Sunny Too Sunny Heating Mode Cooling
Mode Occupied Not-Occupied

WINTER√ √ √
down√ √ √
up√ √ √
up√ √ √
down√ √

- - up√ √
- - down

SUMMER√ √ √
down√ √ √
down√ √ √
up√ √ √
up√ √

- - down√ √
- - up

SWING√ √
- - down√ √
- - up√

- -
√

down√
- -

√
up√ √

- - up√ √
- - down√ √

down
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The detailed algorithm is described in Table.5, and the
method to separate the four seasons is explained in the
section to follow.

Season Separation Method

The time period for each season varies with different cli-
matic zones. The algorithm uses a pre-defined season
schedule derived from the climate conditions of the lo-
cation, which is base on the TMY3 weather data set. The
season separation method is derived on a weekly basis.
52 weeks of the year will be separated into four seasons:
spring, summer, autumn, and winter. The decision is
based on the weekly average daily Heating Degree Hour
(HDH) and Cooling Degree Hour (CDH), whose defi-
nition is given from ASHRAE Fundamental Handbook
2001, Chapter 31 (Ashrae2004 (2004)):

HDH(tbal) =
24

∑
i=1

n{ n = 1 i f (t0 < tbal)
n = 0 i f (t0 ≥ tbal)

, (1)

CDH(tbal) =
24

∑
i=1

n{ n = 1 i f (t0 > tbal)
n = 0 i f (t0 ≤ tbal)

, (2)

where:
HDH − Daily heating degree hour,
CDH − Daily cooling degree hour,
tbal − Balance point temperature, in this

study 18.3◦C is used which is rec-
ommended by the ASHRAE Fun-
damental Handbook 2004,

If the weekly average daily HDH is greater than 5 it is con-
sidered as winter, and if the weekly average daily CDH is
greater than 5 it is considered as summer, other conditions
are considered as swing seasons. The weeks for each sea-
son of the four selected locations are summarized in Table
6.

RESULTS AND ANALYSIS
Loads comparison without daylighting control

The heating, cooling and lighting loads under the three
shading conditions, which are no shade, implementable
and ideal algorithm, are shown in Fig.5,6,7,8. As is
shown, the ideal algorithm results in reduction of cool-
ing loads in all the four climate contexts. There is gen-
eral an increase in the heating loads under ideal algorithm,
however, the magnitude of the heating loads is too small
compared with that of the cooling loads, so that the ideal
algorithm has yielded a net reduction of total loads in all
the four climate contexts.
Implementable algorithm generally yields a smaller re-
duction in cooling loads than that of the ideal algorithm.
The implementable algorithm performs better than the

ideal algorithm in the heating conditions. However, since
the magnitude of heating load is too small compared to
that of the cooling condition, the net reduction of total
loads from implementable algorithm is generally smaller
than half of reduction from the ideal algorithm.
Maximum reduction was achieved in milder climate like
Los Angeles from the two algorithms, with a total building
loads reduction of 1.38% for implementable and 6.68%
for ideal algorithm.
Since the lighting is controlled by a predetermined sched-
uled in this set of comparative study, the lighting loads
remain the same under the three shading control condi-
tions.
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Figure 5: Loads comparison for Boston.
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Figure 6: Loads comparison for Los Angeles.
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Figure 7: Loads comparison for Miami.

Loads comparison with daylighting control

The objective of this set of comparative study, is to investi-
gate the combined effect of shading control and daylight-
ing control on building thermal (heating and cooling) and
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Table 6: The calendar for each season of the four locations.
Season Boston LA Phoenix Miami
Winter Jan. 01 - May. 20 Jan. 01 - Jan. 14 Jan. 01 - Feb. 11 No

& Nov. 8 - Dec.31 & Dec. 03 - Dec. 31
225 days 14 days 71 days 0 days

Summer Jul. 02 - Jul. 22 No Apr. 16 - Oct. 21 Mar. 26 - Nov. 25

21 days 0 days 189 days 245 days
Swing May. 21 - Jul. 01 Jan. 15 - Dec. 31 Feb. 12 - Apr. 15 Jan. 01 - Mar. 25

& Jul. 23 - Oct. 07 & Oct. 22 - Dec. 02 & Nov. 26 - Dec. 31
119 days 351 days 105 days 113 days
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Figure 8: Loads comparison for Phoenix.
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Figure 9: Total loads comparison.

lighting load. The resulting thermal and lighting loads un-
der the three shading conditions with daylighting control
are shown in Fig.10,11,12,13.
With daylighting control, both algorithms generally re-
sult in increase in the total load of heating cooling and
lighting. Due to increase in lighting load. The lighting
loads increased when the shade is deployed under both
of the shading control algorithm. Ideal algorithm results
in higher increase in lighting, which is partly because of
the glare control in the ideal algorithm, where the shade
is deployed more frequently and result in longer lighting-
turned-on time and hence higher increase in the lighting
loads.
The total loads (heating, cooling and lighting) compari-
son is shown in Fig.14. When there is no daylighting con-
trol, both the shading algorithm result in net reduction in
building total loads. However, if daylighting is activated,
both shading algorithms do not provide total reduction in
Boston, Los Angeles and Miami . The difference between

the two algorithm is not significant when daylighting is
activated.
The percentage change in total building loads (heating,
cooling and lighting) is summarized in Fig.15.
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Figure 10: Loads comparison for Boston w/ daylighting.
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Figure 11: Loads comparison for Los Angeles w/ day-
lighting.
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Figure 12: Loads comparison for Miami w/ daylighting.
CONCLUSION
This paper presents an effort to investigate the differ-
ence in the magnitude of the impact that window shading
control algorithms have on building heating, cooling and
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Figure 13: Loads comparison for Phoenix w/ daylighting.
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Figure 14: Total loads comparison w/ daylighting.

lighting loads over a year, between an ideal algorithm and
an implementable algorithm.
Both of the algorithm will operate window shades in two
states, fully down and fully up. The ideal algorithm will
maximize heat gain and minimized heat loss when build-
ing is in heating condition, and performs the opposite
when building is in cooling condition. Some of the in-
formation that is used in the ideal algorithm is not avail-
able for a “real world” controller. Therefore, a simplified
implementable algorithm is also described, which takes
sensor measurable outdoor and indoor conditions.
EnergyPlus (version 3.1) is used to conduct the building
thermal calculation. On receiving the input information,
the control algorithm, implemented in Ptolemy, will send
the control signal to EnergyPlus through BCVTB at each
time step. Both the algorithm’s impact on building ther-
mal loads and lighting loads are evaluated.
The conclusion drawn from the study are as follows:

• The maximum building total loads reduction that the
internal shading device will provide is 6.68% (in Los
Angeles without daylighting control).

• Without daylighting control, both the shading algo-
rithm result in net reduction in building total loads
(heating, cooling and lighting). The performance dif-
ference between the two algorithm is not negligible
when daylighting is not activated.

• With daylighting control, both of the shading algo-
rithm do not provide total loads reduction in Boston,
Los Angeles and Miami. The difference between the
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Figure 15: Total loads comparison w/ daylighting control.

two algorithm is not significant when daylighting is
activated.
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