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ABSTRACT

Climate change and the corresponding need to reduce fossil fuel usage have been making
headlines for years now (Global warming, 2011). Today, buildings are responsible for more than
40 percent of global energy used and one third of global greenhouse gas emissions. External
shading devices are one of the most useful controlling solutions in all situations where direct
sunlight through glazing increases the cooling energy requirement substantially (Wulfinghoff
1999). Many architects prefer not to have moveable parts to their buildings as they need to be
operated correctly, and maintained (Corrode, 2008). So the main objective of this report is to
design a fixed device which has the ability to considerably reduce the buildings’ cooling load
demands. A new model was developed based on the sun path and the energy loads results were
compared with existing shading devices such as horizontal and vertical louvers, overhangs and
brise soleils in a case study in Oxford city and Shiraz in Iran. IES program was used to do the
simulations. The proposed model achieved zero cooling load demand with small heating load
change in comparison to other existing shadings in UK climate and 10 percent less consumed
energy in Shiraz, Iran.
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INTRODUCTION

While some would call global warming a theory, others would call it a proven set of facts.
Global warming and climate change are aspects of our environment that cannot be easily or
quickly discounted (Global warming, 2011). Today, buildings are responsible for more than 40
percent of global energy used and one third of global greenhouse gas emissions (UNEP, 2009).
According to Wulfinghoff’s 1999 report, external shading devices are the most effective methods
of controlling solar heat gain of buildings. It is clear that the presence of a shading device must
affect both the unwanted solar gains and the useful daylight whiles the need for shading, coincide
in time with the limiting daylight conditions. Many architects prefer not to have moveable parts
to their buildings as they need to be operated correctly, and maintained (Corrode, 2008). So the
main objectives of this project was to design a fixed device which has the ability to make a
considerable reduction in buildings energy consumption and answer the questions such as; how it
performs in different climates also how it effects on the total CO2 emissions and total energy
savings and how it works in comparison to other existing shading devices. A review of literature
has been carried out to define the gaps and issues and IES programme was used for running the
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simulations. A new shading device was developed to present a solution for the main concerns of
this report and then has been compared with existing shading devices results in UK climate. The
proposed model was also evaluated in a hot climate such as Shiraz, Iran to test the model in
another climate. After doing all the comparisons, CO2 emission savings and the energy cost
savings were compared for all tested shading devices.

LITERATURE REVIEW

An external shading device has different aspects that affect the equipped building. Many studies
have been done so far, and according to Dubois (1997) these studies go back to 1959 when for
the first time Osizik & Schutrum studied the effect of solar shadings on thermal transmittance of
windows. Energy loads, daylight level, visual comfort, ventilation and CO2 emission were other
subjects which have been studied later on. In the following section, some of the newer studies
about the effect of external shading devices on buildings’ energy consumption are summarized to
understand the ways these devices have been studied before. Tzempelikos & Athienitis (2006)
studied the effect of exterior roller blinds on energy loads and daylight of commercial and office
buildings using lighting control systems for 30% window-to-wall area. Results showed that for
20% transmittance, simultaneous control of a shading device and a smart lighting system on a
south-facing facade could result in reduction of energy demand for cooling. Wulfinghoff (1999)
studied the reduction in cooling loads based on external shading devices designed separately for
each orientation. He finally came to the conclusion that external shading devices are the most
effective methods of controlling solar heat gain and each orientation must be designed
separately. Carmody and Haglund (2006) evaluated the impact of some of the external shading
devices on energy consumption, peak demand and the glare control in commercial buildings. In
terms of energy consumption, total energy savings from a deep overhang varies from 25.6%
when applied to a clear double glazed window compared to 11.3% when applied to a triple
glazed low-E window. Nielsen et al (2002) published a paper about a simple energy rating for
solar shading devices. After doing the calculations they came into conclusion that the use of a
variable shading device can reduce the heating and cooling requirements to the reference case
study by up to 25% compared to the best un-shaded double glazing unit (DGU) and up to 33%
compared to a float glass DGU. Based on the literature review, some important gaps exist in
previous research that has been done so far, and an attempt has been made to answer the
following questions in this project:

Is it possible to have a fixed external shading device that is able to achieve annual zero cooling
load in UK climate?

e According to Wulfinghoff’s (1999) report, the external shading device can reduce the
building energy consumption by 50 percent. Is it possible to reduce energy demand of
building using external shading devices by more than fifty percent?

e As the outside view is completely blocked using exterior roller blinds, is it then possible
to reduce the cooling load demand without blocking the outside view? And also what
about the effect of building envelop in heating load reductions?

e What happens if the location of this test changes to a warmer place? Does it again give
the same results?
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METHODOLOGY

The research methods involved a review of literature using related articles and books to gather
all the required information about some of the related work that has been done so far about the
effect of external shading devices on buildings’ energy consumption. The issues and gaps in
previous research have been studied to make the objectives of this project clearer. A proposed
shading device was then presented as a solution for the raised questions. The proposed model
(figure 1) then has been compared with existing shading devices such as horizontal and vertical
louvers, Brise soleils and solid overhang results. The proposed model also has been evaluated
using IES programme in a hot climate such as Shiraz, Iran to test the model in another climate.
After doing all the comparisons, CO2 emission savings and the energy cost savings were
compared together for all tested shading devices.
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Figurel. Proposed model

ANALYSIS

A part of a building in Oxford city by the Oxford canal in Jericho, UK was selected as the case
study. The building consisted of two different zones, a 9.5m x 9.5m restaurant with a completely
glazed south facade and six 3m x3.5m and two 3m x 5m rooms in 2 floors with 2m x 1.5m south
facing windows. As this report is based on a comparative method, the same condition applied to
all the devices. Because of the direct effect on thermal results, the envelope of the building is
assumed to be based on the passivhaus UK principles. In the following section some of the
common used external shading devices are compared to the proposed shading device. These
devices are; Horizontal louvers in 10cm and 20cm slats, vertical 20cm louvers, horizontal Brise
soleil and solid overhangs (calculated based on the window height)( House-energy). All the
shadings were compared in 3 different aspects; heating load, cooling loads and solar gain control.
According to the table 1 the seasonal heating load for proposed model is higher than other
shading devices. A quick comparison with seasonal solar gain control table (table 3) makes it
clear why the heating load demand is at the highest point amongst other shadings. The proposed
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model controls the direct sunlight into the building better than other models and less solar gain
causes more heating demands during the year. But the most important point about this model is
the cooling load demand. The annual cooling load demand for the proposed model has achieved
zero MWh electricity consumption.

EXISTING MODELS ANNUAL HEATING LOADS
WINTER SUMMER AUTUMN SPRING TOTAL

HL 10CM 9.642 0.135 5.04 5.136 19.953

HL 20CM 9.256 0.113 4.629 4.783 18.781

VL 20CM 9.639 0.079 4.436 4.039 18.193

ov 8.86 0.062 3.588 3.496 16.006

OAL 9.061 0.069 3.909 3.813 16.852
PROPOSED MODEL 10.006 0.146 5.208 5.173 20.456

Tablel. Annual heating loads of existent shadings (UK climate)

*HL=horizontal louver, VL=vertical louver, OAL=overhanged angled louver OV=overhang

The proposed model in comparison to other models lets less solar gain into the building and as
mentioned this is the reason of the higher heating demands during the year. But the other effect
of solar gain on the building’s total energy consumption is cooling load demands. A quick
comparison between Horizontal and vertical louvers showed around 3 MWh difference in annual
solar gain, which this amount caused about 0.3 MWh difference in annual cooling load demands.
Table 2 shows the seasonal and total cooling load demand of the studied case for all the models.

EXISTING MODELS ANNUAL COOLING LOADS

WINTER | SUMMER AUTUMN SPRING | TOTAL

HL 10CM 0 0.004 0 0.044 0.048

HL 20CM 0 0 0.02 0.002 0.022

VL 20CM 0.001 0.138 0.068 0.11 0.317

oV 0.015 0.267 0.298 0 0.58

OAL 0.022 0.202 0.264 0.02 0.508
PROPOSED MODEL 0 0 0 0 0

Table2. Annual cooling loads of existent shadings (UK climate)
EXISTING MODELS ANNUAL SOLAR GAIN

WINTER | SUMMER AUTUMN SPRING | TOTAL

HL 10CM 1.728 2.922 2.199 2.494 9.343

HL 20CM 1.871 2.885 2.406 2.629 9.791

VL 20CM 1.75 3.89 2.976 4.023 12.639

oV 2.697 4.62 4.576 5.137 17.03

OAL 2.457 4.192 3.935 4.487 15.071
PROPOSED MODEL 1.112 2.601 1.733 2.292 7.738

Table3. Annual solar gain of existent shadings (UK climate)

The overall energy cost and CO2 emissions for these models are more or less the same especially
between 10cm slats horizontal louvers and proposed model. But the zero cooling load demand in
proposed model shows that potentially in warmer climates better results are reachable.

TESTING THE SHADING IN SHIRAZ CLIMATE

In order to check the device in a warmer climate, Shiraz in south of Iran was selected as it has a
moderate climate with regular seasons. The average maximum temperature in Shiraz is 37 °C in
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July and 11 °C in January and the average annual temperature is 24 °C. Total sunshine hours are
3300 hours per year in Shiraz. According to the tables 4 and 5, the results of IES thermal
simulations of proposed model in comparison to other existent shadings shows 2.3 MWh less

cooling load demand.

WINTER SPRING SUMMER AUTUMN
COOLING LOADS | COOLING LOADS | COOLING LOADS COOLING LOADS TOTAL (MWh)
10cm HL 0.0054 5.37 17.05 6.76 29.1854
20cm HL 0.071 4.41 16.8 5.55 26.831
20cm VL 0.83 5.17 13.91 7.82 27.73
OVERHANG 2.08 6.43 17.71 10.03 36.25
OAL 1.72 5.4 14.27 8.05 29.44
PROPOSED MODEL 0.0016 2.4 14.33 6.8 24.5316
Table4. Annual cooling loads of existent shadings in Shiraz
WINTER HEATING SPRING SUMMER HEATING | AUTUMN HEATING
LOADS HEATING LOADS LOADS LOADS TOTAL (MWh)
10cm HL 1.22 0.03 0 0 1.25
20cm HL 0.88 0.03 0 0 0.91
20cm VL 0.38 0.005 0 0 0.385
OVERHANG 0.15 0.002 0 0 0.152
OAL 0.36 0.0041 0 0 0.3641
PROPOSED MODEL 1.28 0.03 0 0 1.31

Table5. Annual heating loads of existent shadings in Shiraz

COST AND CO2 EMISSIONS COMPARISON

According to UK energy prices, providing cooling load using electricity costs 14p/KWh and gas
generation costs 4 p/KWh for heating loads. Based on these prices, the total cost for providing
energy load demand of each shading device is shown in table 6.

total elec. co2 total gas co2 total co2
. o total cost £ save %
cost £ emission cost £ emission kgco2/kwh
10cm HL 4085.956 12316.2388 50 242.5 12558.7388 4135.956 25
20cm HL 3756.34 11322.682 36.4 176.54 11499.222 3792.74 32
20cm VL 3882.2 11702.06 15.4 74.69 11776.75 3897.6 30
OVERHANG 5075 15297.5 6.08 29.488 15326.988 5081.08 8
OAL 4121.6 12423.68 14.564 70.6354 12494.3154 4136.164 25
PROPOSED MODEL 3154.424 9508.3352 52.4 254.14 9762.4752 3206.824 42
NO SHADING 5520 16638.85 1.16 5.6 16644.45 5521.16 0

Table6. Total cost and CO2 savings

The proposed model with 42 percent energy cost has the best results amongst other shading
devices. In addition to cost saving, proposed model reduces the CO2 emissions by 42 percent in
comparison to no shading condition and 10 percent reduction compared to the best tested
existing shading. It shows that the proposed model is reliable even in other climates as well as
UK climate.

CONCLUSIONS

The effect of a designed external shading device on buildings energy consumption was studied
and the results were compared with the existing shading devices in two different climates. In the
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literature review, some questions were raised that are answered here as conclusions. Questions
focus on the amount of energy reduction, outside view, changing the climate and building
envelop. The main purpose of this report was about the possibility of designing an external
shading device that is able to achieve annual zero cooling load in UK climate and reduce the
cooling loads considerably in warmer climates. According to the results, the proposed model was
successful in achieving zero cooling load demand in UK climate. Simulations in the hot climate
of Shiraz again show amazing results for the proposed model. The cooling load demand shows
2.3 MWh difference between the best existing shading device and proposed model that means 10
percent less annual CO2 emissions and energy cost savings. According to the simulation that has
been done in IES for this specific condition on 6 different shading devices, it was not possible to
achieve more than 50 percent reduction in buildings total energy load demands and 42 percent
reduction was achieved in comparison to no shading condition and 10 percent reduction
compared to the best tested existing shading. Another unique aspect of this device is the
possibility of having outside view despite achieving zero cooling loads. Angled horizontal
louvers block the outside view in zero cooling loads condition.

Apart from the results it should be stated that a shading device effects the buildings energy
consumption in various aspects such as ventilation, glare control and visual comfort and due to
the limitations of small-scale research of this kind it was not possible to be studied. Many
different variables affect the performance of a shading device such as material and orientation
that creates opportunity for further researches. Testing the device for other orientations is also
required as, according to Wulfinghoff 1999, each orientation needs a new design. And also
according to Gutierrez & Labaki report (2006) materials are effective as well in a shading
devices performance since wood in comparison to the concrete device demonstrated better
results in their simulations. There are always possible avenues for researchers to address the
issues in the future.
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