Jurnal Alam Bina, Slid 14 No 5, 2008.

REVIEW ON MEASURING TOOLS FOR ENERGY
EFFICIENT SOLAR SHADING STRATEGIES IN
TROPICAL CLIMATE

Lim Y¥aik Wah', Mohd. Hamdan Ahmad?, Dilshan Remaz Ossen?

"Ph.D Candidate, Facwlfy of Builf Environment, Universiti Teknologi Malaysia, Skudai, Johor DT,
MALAYSIA

*Professor, Faculfy of Buit Environment, Universifi Tekmologi Malaysia, Shwdai, Johor DT,
MALAYSIA

15enior Lecfurer, Facwlfy of Buit Environment, Universili Teknologi Malaysia, Skudal, Johor DT,
MALAYSIA

Dmyaikwahigmail com

ABSTRACT: Solar shading iz an imparfant archifeciural slement not only for the
purpose of reducing direct sofar heaf gain, buf alzo for confrolling the indoor environment
qualty of day-lighfing and aszociafed glare. The balance befween the preventfion of
heaf gainzg and nafural day-ight penelration is crucial for energy saving in building
cooling and lighfing. This paper iz part of an initial research work fowards designing
enangy efficient solar shading deviees in hol humid fropics. I is mainly & crifical review
of measuwnng focls used in solar shading design. The availabilly and performances of
computfer simulation tools are presented as they can prowvide more accurate resulls fo
aasisf in designing and fowards achieving opfimum cooling and lghiing energy. The
review concludesz thal the undersianding of the characiensfics of different ypesz of
shading dewices and the methods of shading deszign is crucial for archifects to design
enangy efficient solar shading., Howewer, the present methods of shading design
regquire defailed datz input or expert knowledge thal iz impractical during eary design
sfage. Hence, further research is needed fo develop 5 simplified dezign fool for 2olar
shading fowards energy efficiency in fropical climate.
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Introduction

From the traditional Malay houses to the contemporary high-rise offices, windows are
one of the most significant elements; act as openings for daylight penetration, natural
ventilation and visual inferaction. However, windows also allow the umwanted solar
heat gain info the buildings, which causes energy consumpiion for building cooling.
Thus, the nead to reduce unwanted heat gain has been the major energy-related issus
in window design (Carmody ef al, 2004). This situafion is more critical in hot hummid
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tropical climate where the intensity of salar radiation is high and uniferrn throughout the
year. In Malaysia, record shows that the annual maximum intensity of solar radiation
falling on horizontal is about 1000 Wim2 and on verical surface is abowt 350 Wim2 for
east and west facing sufaces (Ossen, 2005). One of the common solutions given by
the architects is throwgh the use of solar shading.

Solar shading is not merely an esthetical element but rather be a climatic-functional
device for buildings. The main rele of solar shading is o act as a spafial insulator
against the radiant heat wave penetrating info the building internal space through the
windows (Olgyay amd Olgyay, 1857, Ossen, 2005). However, admissive use of solar
shading will reduce the daylight penetration through windows and extensive use of
artificial ighfing is required (Baker and Steemers, 1896; Lim f af, 2008). The use of
artificial lighting not only consumes energy but also causes waste heat into the building
space, increasing the cooling demand (Zain-Ahmed, 2002). The abundance of daylight
in the tropics that has not been uiilized to the maximem since it is usually concurrent
with intense solar heat gain (Ahmad, 1998; Zain-Ahmied, 2002; Ossen, 2005). Hence,
the balance betaween the prevention of heat gains and natural day-light penetration is
very crucial in order to propose optimum shading sirategies as energy efficient design
solutions (Sharifah and Sia. 2004; Tzempelikos and Athienitis, 2007).

Generally, solar shading can be divided inta two main categories: natural devices and
solar control devices.  Matural devices are the vegetation and building orientation
{Clgyay and Olgyay, 1957, Cesen, 2005). According to Emmanuel (1283), the purpose
of natural elements such as vegetation is not so much to ameliorate negative aspects
of tropical climate but to enhance the cooling potentials of shading. I is wery critical for
the architects fo understand the types of solar shadings and their characterisfics; and
also to utilize the methodology of shading design (Lim et al., 2008).

Computer Simulation Tool

With the increased computer capacity during the last 30 years, architecis and engineers
have maore and maore relied on building energy simulation programs to achieve energy
efficiency in buildings (Louizenhiser ef al., 2007). Mowadays, some detailed simulation
programs such as ECOTECT and IES Virtual Environment (VE) integrate daylight and
thermal simulation (Lim et &, 2008). Athienitis and Tzempelikes (2002) developed an
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integrated model based on clear and overcast sky formulations for external illuminances
and radiosity for internal illuminmances. Franzeiti ef al. (2004) implemented a day-
lighting software module with a thermal maodel which its validity was restricted to internal
working plane iluminances below 1000 e, Hviid et al. (2008) developed a simplified
too] which employs the radicsity method for internal daylight reflections, which gives a
reascnable balance between accuracy and time of caloulation.

Goulding (1892) suggests that the "best opporiunities for improving a building's energy
performance goccur sarly in the design process”™. Baleomb (1828) also asserted that the
migst critical phase to reach oplimum energy performance is in pre design. Howewver,
review has found that in the current practice, architects prefer to analyze the energy
performance in the later stages, usually by consulting an engineer {Pedrini and Hyde,
2001). Although there are varieties of infegrated building simulation tools available
today, detailed input data is required in order to run even the simplest simulation.
Therefare, these foals are commonly used to evaluate the overall energy performance
of existing buildings or im the design development stage, rather than being used in the
early design stage. Henece, the selection of final design salutions for window system
and shading strategies are often influenced by architects’ subjective factors in the eary
stage (Tzempelikos and Athienitis, 2007). According to Pedrini and Hyde (2001), there
are many reasons for this situation:-

the misunderstanding of building performance;

the absence of metheds suitable for architects;

the lack of scientific knowledge by the architect;

the complexity of energy tocls and many other intrinsic limitations;

the absiracted and personal design approach by the architzct;

the different language used by architects and engineers;

insufficient governmental incentves.

mmoan T

Itis essential for architects to have exposure fowards the available computer simulation
tools foday. Appropriate selecfion of the fools is important to opfimize the process and
output performance. In general, the selection of the tools is depended on sewveral
criteria (Lim ef /., 2008} as shown im Fig. 1.
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Finding and Discussion

Project stage'task to Awailable
perform /’f’,ﬂ input data
Selection of
Tools
Required simulation h\\\ Expertise/
output profassion ﬂ_‘]

Figure 1: Criteria for selection of tools

Far the comparison of various computer simulation toods, 8 tools are selected as shown
in Table 1. These tools are selecied due fo the different outputs and disadvantages
of thie toals, in arder to give a clearer picture of the various current available computer
simulation fools. These tools are commonly used by designers and enginesrs for
building performance simulation. Besides, the tools are suitable for various climates
including tropical climate, provided that the climatic weather files are available.

Table 1: Review on computer simulafion tocls (Crawley af all, 2008, Ossan, 2008, Lim

ef al.. 2008)

Name & Sofiware
Developer

BLAST

{Building Load
Analysis and System
Thermodynamics)
Buiidimg Bysfem
Laboratory  Ulniversify
of Minois. UISA

DOE-2.2

Berisley, G4, USA
& James J, Hiseh &
Aszsocizhe, 54, USA.
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Advantages

-Provides hourly simulation of
building ensrgy consumplicns
heating and cocling

-Uses a room weighting factor
approach to calculate load.
-DOE 2.2 is a freeware.

Disadvantages

High level of expertise reguired
io dewelop custom sysiem and

plant model.
Ho detad ocuiput of intemor

Buminance  from  window &
shylight.

Mo lighting  confrol
applied. ]
Fayment required for soffware
package and Bcense.

cysiem

High level of expertise reguired.



ECOTECT
Sguare Ome research

Piy Lid. oo Cenfre for
Research in fhe Bt

Environment  Candlif
Universify, UK

Energy Plus
Energy, U'SA.

e-GQUEST-3

Berieley, ©CA, LUSA
& James J, Hiseh &
Associafe, GA, USA.

IES Virtual
Environment [VE])
Integrated
Environmeniz! Soiution
Lid UK
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-Complete emvincnmental design
tool which couples an intustive 30
rmizdeling interface with extensive
solar, thermal. lighting, acoustic
and cost analysis functions.
-User friendly and easy fo
operate

-Can export fle to other software
such as RADIANCE, AuwnCaD
DXF, Emergy Plus, ESP, eic
for more specific analysis or
validation

-Based on fealures and
capabilities of BLAST and DOE-
2

-Include  solar themnal, mult-
zone aifflow, and slectric power
simulation incheding PV systems
and fuel cells.

-Energy Plus is a freeware.

-ls a user interface Based on
new calculation engine DOE 2.2
-Easy o use and detailed
analysis  without  requiring
extensive experience in DOE-2
madeling for eQUEST.
-e-LUEST-3 is a freeware.

-Built around the concept of
single-Integrated Data Model.
-Create 30 date model.

-Evaluate the performance of
a building throughout design
Process.

Mo HWALC systems are ntegrated
for energy calculations.
-Required another program for
enengy calculations.

“Payrment required for software
package and Boense.

ADifficutt o use without graphical
nterfaces.

Limitation in shading device
cptions;  only  horzontal  and
wertizal fins can be modeled.
Dayfight reading at reference
point is limited to a depth of three
times as the height of foor to
ceiling. Desp plans cannct be
miodel for day-lighting.

A== only imperial  scale
measurament for cabeulation.

-Training required mastering
the interfaces pricr fo use the
software

-F'ale'rrerﬁ required for software
package, training and license.

Comparison of the variows simulation tools with the project stages shows that different
tools have their advantages for different steps according to the task, provided input and
required output. Therefore, understanding of the project stages and the ability of the
tools is very crifical for effective and accurate building simulation. Table 2 shows the
criteria for the project stages in pre-design, skefch, detall and final evaluation, and the
recommended simulation fools.
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Table 2: Project steps and recommended simulation tools (Pedrini and Hyde, 2001,

Lim ef al.. 2008)
Criteria B | Simulation Tools |
Slml |
Step Task Input Dutput o G| E Bl
e M) &lw
wlsl 2 v
g EE A
_ : ] wi | wi w
Pre-design Investigation Client's briafing Potartial [
| Hypotheses Silke & Wealher | savings .
| fermulation Codas, Guidelines, | Strategies
| Building “ternplates” | definition
Skatch Baga case  Baze case and | Enarngy
diagnostcs possibhe allematives | perdformance
Tesl alternathes Altgrnalives | = LR
Conciplualization proposition {
i _ Diagnostics
Dirtail kdendtify main | Base case Digrtailad
paramaters Cetailed  solulions | design
Oplmize e deggn | (rasulled fram | parsmaters 'y s ®
Realization diagnosiics) allermatives
L s Tactics
Final Energy simulaticn Definad paramsatars | Final |
avaluation Benchmarks performanca | - L]
| Code compliance 1 1

Mot all kinds of solar shadings design or perfformance variables are available in the
simulation tools. Each of them has their limitations. Henece, it is essentfial fo select
suitable tools that are able to provide the required design variables and performance
variable. Table 2 shows the summary of the wvariables for the seleclied simulation

tools.
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Table 3: Summary of solar shading design and performance variables of simulation

tools
Dusign Variabio el Perfoumans Viriabln
|h|-rml IrAmmraal Hnl-'ﬂ-nr-ur Tharmal Vsl
‘ | |
| 2
ﬂ E i i ; T E E
'S g : g § ] ® _i- E
L IRHEE E!‘E e|.ol3]d E el |3 E HHEREE RN
3 E{HE 2 - N ilEIE £ 3
i géfgaufﬁig-ﬂiﬁhHH@EEEL{&_E%
.ﬁj E :I: : : & : L w| | = LI - | = |
ECOTEGT | & & | % | ¥ ®|w® LA LI ] ] & L L -
E'::W -.-JF sl NI " | om| @ | w| w| ® - -I-I
WE.ETE I " ®| W - ® @ LA | | W L |
EX yE= W | e | ow LA & @ | e . | w| | @) ] w KRN
W = Weather file; P = Plug-in available

The review shows that all of the & computer simulation tools have their cwn sirengths
and limitafions. BLAST uses a heat balance approach while DOE-2.2 uses a rnoom
weighting factor approach for load calculation (Crawley ef al. 2001). ECOTECT i=
miore suitable for architect or designer to simulate the building performance in eary
design stage. I is also possible fo have ECOTECT self-gensrate an optimized
shading dewice. It uses the sclar profiles to generate the exact shape reguired fo
shade any given rectangular window given a start and stop time and a cut-off date.
However, this fool does not integrate HVAC systems for energy calculations. Hence,
it reguires another pragram for energy calculations. e-QUEST-3 is a free download
software based on caloulation engine DOE 2.2, Cnly horizontal and vertical fins can be
micdeled in this fool. Energy Plus integrates the capabiliies of BLAST and DOE-2 but
it is miore suitable for final evaluation simulafion which requires high experise. For IES
<\WE>, more complete simulation can be performed, ingluding indoor glare and energy
consumipticn. The new development of IES VE-Ware and IES VE-toolkits provides
connectivity to Revit Archifecture 2008708 or Revit MEP 2008/08. However, training is
needed to master the IES VE due to the complicated data input and interfaces. From
all the selected tools, none of them is able to pedform simulation for awning, active
automatic shading device and wegetafion shading. Besides, no fool is available o
perform simulation on colour design. This has constrained the use the simulation tools
for the research on solar shading sirategies. Due to the different constraints of the
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tools, sometimes combination of different tools is required in order fo perform a better
simulation resulfs (Lim &f &/, 2008).

Conclusion

This paper concludes that the understanding of the characteristics of different types of
shading devices and the methods of shading design is crucial for architects to design
enargy efficient solar shading. This is becauss the balance between the prevention of
heat gains and natural day-light penetration is required, especially in tropical climate
with high solar radiation. Howewer, the present available methodologies of shading
design are limited due o the needs of detailed data input or complicated procedures.
Development of simplified design fools for energy efficient solar shading in tropical
climate is demanded. This is to allow the architects to take shading strategies nfo
consideration in early design stage, without requiring detsiled data input or complicated
procedure, while providing data for optimumn solar shading design towards building
energy efficiency. Hence, more researches, simulations and validations are needed.
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