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Abstract = The engineering of building envelope aims is fo achieve building energy efficiency which
uses shading device fo increase the shaded area. Also, fo reduce heat gain by the building from solar
radiation, this will reduce the energy load on the building. This paper aim fo focuses on the deepening
of fechnology of building emvelope elements, and how the building envelope can control the thermal
comiort as part of the indoor environment in a building that cames sustainabilily archifeciurs. In
conclusion, finally, reveal that the prnciples of passive design aon bulding envelope have a great
influence on the comifort level! in the building. It is not possible fo create & design that meets the thermal
comfort reguirements by emphasizing the design of building envelopes. The goal to be achieved in
sustainable design is fo minimize the use of the current design that takes much energy (almost14%

warld energy consumpiion) fo address the issue of energy crisis lately.
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INTRODUCTION

Sustainable architecturs  has  much
meaning from all sides. Some of these are the
words quoted by James Steele's: "Sustainable
Architecture iz the movement that meets today's
architectural needs, without jeopardizing the
ahility of future generations. The need differs from
one society to another, from one regicn to ancther
(Steele, 1997). The community ikself determines
the best thing.

From the development of the concept of
energy which discussed in some research, the role
of building envelope in performing the task of
energy management is significant. Many papers
focus the dizcussion on the building envelope, by
varying the material, orientation direction, and
color of the amangement of the construction. It is
only to obtain the effectiveness in the use of
energy and themal comfort in the indoor
ervironment (Sadineni, Madala, & Boehm, 2011).
The more surface area of the building will result in
miore energy cycles. The building envelope is an
eszential factor, too as part of the hardware to
control (Wetter, 2011). In this globalization s not
only technology that is overgrowing, but human
needs are alzo growing more and more. Excessive
exploitation and wasted use of energy are
increasingly being done for fulfilling the needs of
nature will cause more damage, and making the
emvironment unhealthier (Zhai, 2006).

Revised: May 23, 2019

Accepied: June 2. 2019

MHowadays, the whole world is beginning o
recognize in reducing exploitation activities and
the efficient use of energy (Pérez-Lombard, Ortiz,
& Pout, 2008). Globally, buildings consume more
than 40% of the world's total energy consumpticn
{Pérez-Lombard, Oriz, & Pout, 2008). In a
building, energy is consumed for lighting,
electronic equipment, and air conditioning or
HWVAC system. The total energy consumption of
some of these components determines the cost of
electricity in which HVAC becomes the most
significant component in consuming ensrgy.
Therefore, energy efficiency efforts in buildings
should focus more on efforts to conserve cooling
energy or the factors that influence it (Yu et al_,
2011).

As described from data on the pie chart in
Fig. 1, now has been done various ways to control
the use of enengy, especially in buildings (Pérez-
Lombard, Ortiz, & Pout, 2008). One of the control
measures undertaken is to create standard energy
usage in buildings. Before construction, the use of
energy to be used in buildings was first evaluated.

This iz done so that when the building is
used there is no waste of energy (Bribidan, Capilla,
& Usodn, 2011). This standard is used as essential
criteria in building construction. Buildings will not
be allowed to build if the calculated energy usage
is still more significant than the maximum allowed
standard value in each couniry.

A_S. Bachrun =t al., Building Envelope Component To Control Thermal Indoor Environment ... 79
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Figure 1. Partial Building Energy Consumption
(Lave et al., 2006)

As we know, environmental policy in every
country is different (Wong & Fan, 2013). Along
with the development of science and technology,
energy becomes an integral part of the
architecture (Ofivien et al., 2014). Building
dependence on energy can we see from the use
of elevators (vertical transportation system) in tall
buildings, the use of electrical energy for lighting,
as well as other utility needs such as air
conditioning machines (Yang, Yan, & Lam, 2014).
Thus, the architecture required to provide physical
comfort, inciuding comfort, space, thermal, sound
and lighting, and energy-saving (Manzano-
Agugliaro et al., 2015).

The building envelope consists of non-
transiucent component (e.g., wal) and a
fenestration system or a translucent component
(e.g., windows) that separates the interior of the
building from the exterior environment (Rosso et
al.,, 2017). The buiding envelope provides
protection against unwanted external environment
influences from climate condition such as heat,
radiation, wind, rain, noise, pollution, etc. The
building envelope has a vital role in reducing
energy consumption for heating, cooling, and
lighting. In medium and high rise buildings, the
wall area is much larger than the roof area.
Therefore, the design of the vertical building
envelope, especially windows, should be done
carefully to avoid the inclusion of heat into the
building in excess (Nimpuno, 2017; Wang et al,,
2014).

The building envelope, as the most
prominent architectural element in a building, has
a significant influence on the level of energy
consumption in buildings (Mirrahimi et al., 20186).
The design of the building envelope will affect the
buildings' energy load with the engineering of
building envelope with better thermal performance
and will minimze extemal heat gain. The
engineering of building envelope aims is to
achieve building energy efficiency, which uses a
shading device to increase the shaded area. Also,
to reduce heat gain by the building from solar
radiation, this will reduce the energy load on the
building.

According to Olgyay (2015), the level of
productivity and human health is strongly
influenced by local climatic conditions (Olgyay,
2015). If climatic conditions are by human physical
needs, then the level of productivity can reach the
maximum point. Similarly, the level of health will
reach optimal if climatic conditions also support
achievement. The wall is part of the greatest
variation in its presence. The wall, in this case, is
including all the parts that constitute the
constituent elements of the wall.

Proper use of building matenal should
consider the comfort of the inner building, with
thermal comfort near the optimally comfortable
temperature of 22.8°C-25.8°C with 70% humidity
(for the wet, humid area). According to Lippsmeir
(1994) the comfort limits for equatorial conditions
are in the range of 22.5°C-29°C air temperature
with 20 - S0% air humidity (Carera & Prianto, 2016;
Syah & Nugroho, 2013). Itis further explained that
the value of convenience should be considered
with the possibility of a combination of radiation
heat, air temperature, humidity, and air velocity.
This sufficient temperature is obtained by
experiments that include the results of
measurements of air temperature, humidity, and
wind speed.

Based on the above research background,
it is interesting to do deepening descriptively. This
paper aim to focuses on the deepening of
technology of building envelope elements, and
how the building envelope can control the themmal
comfort as part of the indoor envircnment in a
building that camies sustainability architecture.

LITERATURE OVERVIEW AND DISCUSSION
Sustainability Architecture

Sustainable architecture and design (often
called green construction and building) are "the
practice of planning, construction, and operating
buildings using environmentally responsibie
processes and efficient resources." Sustainable
architecture limits its environmental impact by
conserving energy (it is recommended to produce
its energy) And water as much as possible and
made of recycled or renewable materials to
achieve maximum resource efficiency (Sunstein &
Reisch, 2014). In other words, the energy and
water used should be as small as possible, but all
building performance and occupants are not
diminished. Sustainable architecture work
includes a vanety of roles, including Architecture
and design, construction, supply Green building
materials, maintenance, and more.

Architectures (building) have the potential
to be used - or save - large amounts of energy,
water, and materials used, and to produce or
minimize waste. Also, they can teach us about

80 A.S. Bachrun et al., Building Envelope Component To Control Thermal Indoor Environment ...
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history, art, and anthropology related to the
building and its environment. As a resulf,
sustainable architecture and design are important
for sustainability not just because green practices
can reduce the envircnmental footprint of the
building, but alszo because sustainable buildings
can be used to teach those who live, work or leam
about environmental and cultural sustainability
(Mika, 2014).

Many passive architectural strategies have
been developed over time. Various elements and
sirategies have been developed along with the
times and technology. Examples of such
sirategies include design slements, construction,
to  building management such as room
arrangement or the size and orentation of
windows in a building, and the orientation of the
facade and the highway or the ratio between the
height of the building and the width of the road for
urban planning (Song et al., 2015).

A zignificant amount of energy is ejected
out of the building through water, air, and compost.
Energy recycling technologies from building sites
can effectively recover energy from waste heat
from used buildings and air and transfer that
energy into fresh, fresh water or fresh air (Cabeza
et al, 2014).

The design of passive solar buildings
enables buildings to ulilize solar energy efficiently
without the wuse of active solar technical
mechanisms such as photoveltaic cells or solar
thermal panels (Chen, Yang, & Lu, 2015).

Even some types of it can be combined with
the design of the building itself. A passive solar
building design incorporates materials with a high
thermal mass that effectively withstand heat and
great insulation that works to prevent heat release.
Low ensrgy designs also require the use of solar
shading, using awnings, blinds or shutters, to
relieve the heat of the summer sun and reduce the
need for arificial refrigeration. Also, low-energy
sustainable buildings typically have shallow
building skin surface area to volume ratic to
minimize heat loss (GhaffaranHoseini et al,
2013).

Sustainable architecture is alzo often found
in traditional architecture. The condition gives
evidence that past people have been thinking
about how buildings can withstand the climate.
The situation is something that we can imitate by
acculturating with the technology that developed
lately (Nazem, 2015). So that can create harmony
between the past with technology. Then
architecture can survive without forgetting the
history of a culfure

Sustainable development is essential to be
applied in this modem era {Chen, Yang, & Lu,

2015; GhaffarianHeseini et al., 2013). The
purposes of sustainable development are:
a. Environmental Sustainakbility

l= the development that retains natural
resgurces to last longer becauss it allows
architecture to adapt with ecosystems itself, which
is associated with the age of the vital potential of
natural resources and the ecological emvironment
of humans, such as climate, biodiversity, and
industry. The natural damage caused by the
exploitation of natural resources has reached the
level of global destruction, =0 slowly but surely, the
earth will lose its potential to support human life,
from the exploitation of nature.

b. Social Sustainakbility

Architecture improves social sustainability
by providing opportunities for building balance and
connectivity. Socially sustainable architecture
fosters the balance between the individual and the
collective and between the present and the future;
Alzo, the relationship between the individual within
the building and between the inhabitants and the
surrounding community is something that is done
by the sustainable architecture in terms of social
sustainability.

c. Economic Sustainability

A sustainable economic ideclogy is a
concept that reflects the economic system itself,
can be applied and applied in demonstrating
efficiency and faimess in the distibution of earth
resources, especially in the development of
architecture. Economic sustainability refers to
preserving all natural resources when we
consume them so that future generations can
enjoy them as well. Indusirial systems are
inherently exiractive, exploitative, and ultimately
dependent on a limited supply of non-renswable
resgurces. The industrial system will eventually
degrade and deplete the resources with which its
productivity depends, and therefore,
unsustainable.

Sustainable architecture is a consequence
of the Intermnational commitment on sustainable
development because architecture is closely
related and focuses its attention on human factors
by focusing on the main pillar of the concept of
sustainable development, i.e., aspects of the built
environment with the development of iis
environment, in addition to the pillars of economic
and social development (Lozano et al., 2015).

Architectural sustainability process covers
the entire life: cycle of a building, starting from the
process of development, utilization, presenvation,
and demolition of buildings. The vision of
sustainable architecturs s not only driven to
reduce greenhouse gas emissions (greenhouses

A 5. Bachrun et al., Building Envelope Component To Control Thermal Indoor Envircnment ... 81
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effect), alzo containg the intenticn to emphasize

the importance of guality side over guantity in

terms of functional aspects, emvironment, health,
comfort, assthetics and added value (Kalan &

CHiveira, 2015).

From this side, awareness of the human
factor is put forward compared to other factors
(Sameh, 2014). The condition iz happened
because the paradigm that has also changed and
expenenced the development that initially as the
paradigm of economic growth then shifted to the
welfare paradigm. The implementation of
sustainable architecturezs are (Lozano et al,
2015):

a. Energy efficiency.

Energy needs to be given special attention
by Architects, especially electrical energy becauss
electricity iz closely related to the fisld of
Architecture (Maldonado, 1998). One of the
causes of the strangeness is the design that less
enters the sunlight into the building (Acosta,
Campano, & Molina, 2018).

+ |Hilize sunlight for maximum daylight during
the day to reduce the use of electrical energy.
Howewver, =till crucial to anticipating for solar
radiation.

+ | Hilizing natural ventilation instead of ariificial
air conditioning (passive versus active design)

*+ llze ventilation and openings, crosslinking,
and other innovative ways. LHilizing rainwater
in innovative ways to accommeodate and treat
rainwater for domestic use.

+ The concept of efficient energy use such as
natural lighting and delivery iz a specific
concept for tropical climates.

In addition to reducing the cost of infrastructure

and domestic costs, building efficiency also has

the mosat significant impact on reducing emissions

due to climate change (Burlacu & Racanel, 2014).

Improvements in building efficiency often have low

or mo marginal costs or provide a retfum on

investment in the form of energy cost savings as
fast as six months to a year.

b. The efficiency of building site:

+ Ll=ing as necessary the existing site, not all the
site should be used a= buildings, or covered
with buildings because thus the existing site
does not have enough green space and parks.

* The green potential of plants in the site can be
replaced or maximized by various innovations,
such as roofing over buildings (roof gardens),
hanging gardens (by hanging plant pots around
the building), hedges orwhich can be filled with
plants, walls with garden Walls, and =o forth.

* Appreciate the presence of existing plant on
the site, by not easily cutting down frees, so

that existing plants can be part to share with
the building.

+  Open design with open spaces to the park (by
pre-planned flexibility) can be an innovation to
integrate  outside and inside buildings,
providing greater space flexibility.

¢ In architectural planning, consider the things

that can be benchmarks in using a varety of
potential of a site

. The use of new technologies and materials:

+ Ltilizing renewable energy potentials such as
the wind, =sclar, and water energy to generate
domestic electrical energy for households and
other buildings independently.

+ LUtilizing new materials through new inventions
that globally can open the opportunity to use
renewable matenals that are quickly produced,
cheap and open to innovation, such as bamboo
material

5]

=8

. Waste management:

+ (Create a system of domestic sewage treatment
such as dirty water (black water, gray water)
that is self-sufficient and does not burden the
city's water flow system.

¢ Innovative ways, such a5 making a
decomposition system of organic waste fo
break down naturally in the field, making
ordinary objects into domestic waste or waste
from materials that can be recycled or can
easzily decompose naturally.

Building Energy Savings Potential

As stated above, the building envelope can
have a substantial impact on total energy
consumption as it can significantly affect cooling
loads, primarily due to the control of the acquisition
of heat radiation through windows, and the
utifization of natural lighting. A combination of
passive design sfrategies has the potential for
energy savings of about 31% in office buildings,
as shown in Fig. 2.

The combination can be accomplished
through the design of building envelopes that
include shading. The extent of Window to Wall
Ratio (WWR) window ratios, the selection of glass
with low shading coefiicient and the utilization of
matural light for indoor illumination (Kogir, Gostisa
& Kristl, 2018).

82 AS. Bachrun et al., Building Envelope Component To Control Thermal Indoor Environment ...
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Figure 2. Typlcal Energy Consumphon Pattem in
Buildings: Typical Energy Saving Approach in
Buildings (Hardik, 2015)

In more detail, the results of simulation studies
showing potential energy savings through passive
designs including reduced window area, extemal
shading use, and use of giass with better shading
coefficient (low SC values) can be seen in Table 1
(Hanif et al_, 2014).

As can be seen in Table 1, a passive design
strategy that combines the use of external shade,
reduced window area and glass usage with low
Shading Coefficient grades can produce about
25% energy savings (Hanif et al., 2014).

Table 1. Bunldngnergy Saving Potential for Various Building Type (IFC. 2011)

P”;';;E;;’“" Office Retail Hotel Hospital  Apartment  School
Shadng 0% 5% 105% 8E% 5% 5%
WWR 8.0% 30% 8.7% 75% 23% 0.0%
Giazing 7.2% 32% 85% 8.0% 85% 42%
Dy aht 4 NA NA NA NA 35%
Reflectivity 05% 0.2% 0.6% 03% 23% 28%
Wall Insulation 02% 0.2% 1.0% 05% 329 00%
TOTAL 21 1% 122% 20.0% 25.1% 10.6% 113%

Because the intensity of scolar radiation
differs for each orientation, control of external heat
recovery through the window design system
(fenestration system) can also be achieved
through proper building orientation. The results of
this study emphasize the critical role of architects
in the development of a design that is not only
attractive but also energy efficient (Buyya,
Beloglazov, & Abawajy, 2010).

Fundamental Building Heat Transfer

Understanding the fundamental heat flows
from conduction, convection, and radiation is key
to creating energy efiiciency in buildings (Soares
et al., 2013). The principle of fundamental building
heat transfer is depicted in Fig. 3.

Convection

m Conduction

Figure 3. The Fundamental of Heat Transfer:

Conduction, Convection, & Radiation (Workshop,
2014)

Radiation

Moisture flows are also important because
moisture holds energy as “latent heat.”

a. Overall Themal Transfer Value

The Overall Thermmal Transfer Value
(OTTV) is based on the assumption that buildings
are in a completely closed system of building
envelopes. Also, OTTV calculations do not take
into account the following factors (Chow & Philip,
2000):
* Intemnal shade devices, such as curtains

Solar or shadow reflections from adjacent
buildings.

* Acquisition of heat from Roof calculated
separately through the calculation of RTTV
(Roof Themmal Transfer Value) and not
required by this arrangement

OTTV is the measure of extemal heat recovery

transmitted through the unit area of the building

envelope (W/m2). Transmission of solar radiation
through windows is generally much more
significant than through walls (Chan & Chow,

2014). Therefore, the planning and design of

windows should be done carefully to avoid

overheating of heat through orientation seiting,
window opening area, determination of shading
coefficient and use of extemal shade.

The OTTV concept includes three basic
elements of heat transfer through the outer
envelope of the building (Vijayalaxmi, 2010): heat
conduction through a translucent wall, solar
radiation through glass, and heat conduction
through glass. The equation can calculate the total
thermal displacement (OTTV) value for each area

A_S. Bachrun et al., Building Envelope Component To Control Thermal Indoor Environment ...
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of the outer wall of a building with a certain
orientation:

OTTVi=a [Ue x (1WWWR)] x TDee +
(SC x WWR x SF) + {Ur x WWR x AT)

Where

OTTvi = Thermal displacement value on the
outer wall having a paricular
direction or orientation (Watt/m?)

a = The absorbance of solar radiation

Lk = The themal fransmittance of the
non-transiucent wall (Wattim® K)

WWR = Wall Window Ratio, The ratio of the
width of the window to the area of
the entire outer wall at the specified
orientation

TDw = The equivalent {emperature
difference ("K)

sSC = Coefiicient of zhading from the
fenestration system

5F = Solar radiation factor (Watt fm®)

Lk = Thermal transmittance of
penetration (Watt/m=.0K)

AT = planning temperatures difference

between the outside and the inside
{counting as 5°K)

To calculate OTTY throughout the cuter wall, the
OTTY calculation results in all outer planes are
sumimed using the following formula:

Vo (AuEOTTV,)

_ =i
OTTV A (2)
Where

Am = Wall area on the outer wall i {m?).
This area includes all the walls of
opaque walls and the surface ares
of the window contained on the

wall
OTTvi = Themal displacement walue on

the wal i as the result of
calculation using eguation
The =econd altemmative k= the “graphical
method," as shown in Fig. 4, which shows the
combined values of SHGC, OTTV, and WWR for
vanous onentations of building envelope. With this
graphical method, the WWR values of a window
with & certain SHGC can be easily determined to
satisfy the OTTV rule =45 Wim2 (Huda et al.,
2013). This graph is applicable for the construction
of brick wallz with a U-value of 0.039 W/ m2-K and
a single glass window pane of & mm without
external shade. Since the heat transmission
through the wall is not significant, this method can
alzo be applied to other wall construction with
similar U-Value. Thiz graphical method is
beneficial in the eardy stages of design
development to find out easily and quickly whether

the design concept of building envelope
developed already meets the applicable OTTV
requirements.

b. Heat Tranafer Through Building Envelope

In buildings dominated by extermal cooling
loads, energy consumption for HVAC systems is
primarily determined by heat transfer through
building envelope components including (Zhao &
Magoulés, 2012):

Heat transfer through windows,

Heat transfer through walls,

Heat transfer through the roof,

Infiltration rate and exfiltration through cracks,

windows, and door openings.

Several design principles can be applied to reduce

heat recovery through building envelopes

(Granadeiro et al., 2013):

+ Designing the shape and orentation of
buildings to minimize exposure to the building
envelope of solar and eastem sun radiation.

* Reduced heat fransmission through windows
by reducing window area, providing an
appropriately designed external shisld and
zelecting glass matenal with low SHGC or SC
values.

* Reduced heat transmizsion through walls by
using adequats insulation.

* Reduced heat transmission through the roof
with  higher reflectivity, emissivity and
insulation values.

* [Reduce infiliration and excitation by sealing the
building tighthy and controlling door and window
openings.

Heat transfer through the building envelope
can be categorzed as radiation, conduction, and
convection through wallz and windows. Gorantla
(2016) observed that for typical construction and
building envelope materials, heat transfer through
windows is approximately 40-130 times higher
than heat transfer through walls (Kirankumar,
Saboor, & Sefty, 2016).

Even for the best SHGC glass available on
the market, heat transfer through windows is still
much higher than brick walls. Therefore, the
control of heat transfer through the window to
reduce the cooling load i= an essential factor for
the success of the overall passive design strategy.
Ciher forms of heat transfer, which can increase
the cooling load are infiltration and exfiltration
through cracks of building envelope and window
and door openings.
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Figure 4. Building Heat Transfer (NN, 2009)

Building Shape and Orientation

"Massing" is part of the design that
determines the overall shape and size of the
building. Is the building tall or short? Long or thin?
Wil it have a significant or more solid piece? Most
successful use of common shapes and building
sizes to minimize the energy load as much as
possible and maximize the passive design of
buildings where using free energy from sunfight
and wind (Ballarini, Corgnati, & Comrado, 2014).

In addition to reducing energy use and
enabling passive design strategies, successful
size and onentation can take advantage of site
conditions, such as rainwater harvesting, and can
help the building contribute to the health and
vitality of the surrounding ecological, social and
eccenomic communities (Abanda & Byers, 2016).
For example, it can be grouped and oriented to
connect its social space with street life, or avoid
shading around wildlands, or can drive pedestrian
traffic from ecologically sensitive areas.

For many types of buildings in the world, the
mass phase is one of the most critical factors in
the aspects of passive heating, cooling, and
lighting. However, often this is not considered until
after it is done. It is essential to start considering
the passive design strategy at the idea stage, so
that the sun-exposed surface area at different
times, the height of the building, and the width of
the building can all be optimized and unthinkable
for the comfort of passive occupant buildings
(Rodriguez-Ubinas et al_, 2014).

In the example, as shown in Fig. 5, "Option
2" has the same area as "Opfion 1" but uses less
than half the energy, because its mass is better.
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Figure 5. Building Mass Vanation & It is Energy
Consumption (Workshop, 2014)

The building mass decisions depend on the
specific location of the project (site) and the target
occupant of the bhuilding (Scheuer, Keoleian, &
Reppe, 2003). Simulation of BIM tools can provide
engineering and designers with an initial
conceptual energy analysis to test various mass
options. They can also affect building matenials,
acoustics, rainwater harvesting, and other
performance factors (Nguyen, Reiter & Rigo,
2014). The right massing depends on the building
program. Sparsely populated buildings with littie
activity or equipment, ke many homes, produce
less heat from intemal loads. In cold climates, they
benefit from a compact flocor plan, which is useful
in avoiding heat loss outside the building (Gorse
et al., 2015). It minimizes the ratio of surface area
to volume, decreases heat loss to the wind and
serial cooling. On the other hand, densely
populated buildings with high activity and energy-
intensive equipment generate much heat, causing
a high internal cooling load (Gand et al., 2015).

Thus, even in colder climates, it may be

advantageous for such buildings to have thinner

planes, to get better cooling without any cost.

Sophisticated enrichment could be further
away from this building’s bulk to optimize heat or
cooling gain (Ahn et al_, 2014). Example:

* The roof can be tilted for optimal solar heating.

* Discloses and overhangs can shade parts of
buildings with other parts of the same building.

¢ The aerodynamic curve can reduce heat loss
due to infiltration.

* The interior buffer zone can be placed on the
west side of the building to protect the
residential and work areas from the hot
afternoon sun (e.g., ladders, toilets, and
entrance cormridors.)

Whether building masses are simple or complex,

simulation of building energy modeling should be

done as a basis for the mass selection as shown

in Fig. 6.

Orientation is just the aspect of the wind
facing the shape of the building. Is it directly facing
south or 80" north-northeast? Along with the
mass, building orientation can be the most crucial
step in providing the building with passive thermal
and visual comfort.
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Figure 6. Thinner buildings lose more of their
intemnal heat to the outside (Workshop, 2014)
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Orientation must be decided along with
curing in the initial design process since both
cannot be utterly optimized without the other
(Wong & Fan, 2013). Even the process has to be
thought of since the idea (holistic design).
Ornientation is merely a form of a compass facing
a building. The orientation should be optimized
early on, along with the mass, and can be the most
crucial step for passive design.

To avoid overheating of excessive solar
radiation, the main surface of the building's
envelope with windows is as far as possible

oriented to the north and south (Valladares-
Rendona, Schmid & Lo, 2016). The condition
allows the window to get natural light from the
dome of the sky while still minimizing the heat gain
from solar radiation directly. Service spaces and
stairs with massive walls can be placed on the
West and East side so that they can function as
thermal buffer zones (Jan et al., 2014).

The comparison of solar thermal radiation
exposure represented by the OTTV values for
different shapes and building orientations is
presented in Fig. 9. The OTTV values are for
simple rectangular buildings with continuous
windows (SHGC 0.4) and the same floor area.

Window Area

The proportion of window width has a
significant influence on the cooling load as it
determines the total heat gain that goes into the
building (Hee et al., 2015). The condition happens
because the glass window can admit that the heat
into the building is much higher than the massive
wall. Therefore, the higher ratio of window to wall
(WWR) area usually causes higher cooling load
(Lee et al., 2013).

The reduced window area is one of the most
effective solutions to reduce cooling load and
overall building energy consumption. Because
window construction is usually more expensive
than wall construction, reducing WWR can also
lower the cost of construction. Simulation study
results on typical buildings show that reducing the
window area by half can reduce energy
consumption by 10% (Hee et al., 2015) as listed in
Table 2.

Table 2. Impact of WWR on Energy Saving (%) for Different Building Types (0% savings is the base

case)

WWR __ Office Retail Hotel _ Hospital  Apartment _School
53% 37% 20% 46% 30% . -
40% 80% 390% 87% 75% 3 18%
% 05% 49% 106% 0.1% 23% -
20% 132% 7.1% _ 145%  1268% 6.8% 5.4%

The thermal comfort of building occupants
is another crucial driver for the residential and
commercial sectors and one of the most significant
drivers for change. Improved thermal comfort can
be used as a selling point for technologies. When
considering building technology solutions that
result in greater thermal comfort, it is important to
also focus on solutions that wili reduce energy use
rather than increase it (Kwong, Adam, & Sahari,
2014). New technologies and methods to consider
include composite thermal comfort models that
are easy to use and being able to undersfand

human perception and personalized comfort
better.

Glazing
Based on their thermal properties, glass
materials have  different  characteristics,

depending on the nature of solar transmittance,
solar absorption, solar reflectance, and visible
transmittance. The thermal ftransmission
characteristics of the glass material are measured
from U-values, for conduction, and Solar Heat
Gain Coefficient (SHGC) or Shading Coefficient
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(SC) for radiation. In this case, the value of SHGC
=0.86 SC (Lee et al., 2013).

Representation of U-values, Visible
Transmittance (VT) and SHGC for a variety of
locally produced giass materials are presented in
Table 3. Better glass matenal with a low SHGC
value of 0.2 is available globaily. However, at this

time, the application is still very limited due o the
high cost. Alternatively, offline coatings that can
be applied by local industries are also available (Ji
et al., 2013). This relatively inexpensive additional
layer can lower the SHGC value by up to 0.2.

Table 3. U-value_ Light Transmission and SHGC Value from Typical Glass Material (IFC, 2011)

SINGLE GLAZING 8mm U-Value  Visual Transmission % SC SHGC
Clear 494 £9 025 082
Color 5.18 &5 051-057 044-040
Refiective 518 42-48 042-053 0.38-046
Low 454 35-67 0.40-068 0.34-052

For a climate with a relatively small
temperature difference between the inner and
outer space, refining the SHGC value will be more
effective than increasing the U-Value. In other
words, having double glazing to reduce the heat
gain of conduction through a window is usually
inefficient. For example, reducing SHGC from
067 to 038 would reduce total energy
consumption by 8% (Carlog & Corvacho 2015).

While adding clear glass to form double glass with
the same SHGC and decreasing the U-Value from
58 to 34 will only reduce the total energy
consumption by about 1%.To show clearly the
significant SHGC impact on total energy
consumption, the simulation study resuits for
vanous building types are summarized in Table 4.

Table 4. Impact of SHGC on Energy Saving (%) for Typical Buildings (U value 5.8W/m2/k, visual

transtnls&m 0.57) (IFC, 2011)

SHGC Office Hotel Hospital Apariment School
08 0.0% D 0% 0.0% 0.0% 00% -
05 57% 24% 51% 57% AT% 32%
04 84% 37% 8.5% 8.2% 8.1% 51%
0.3 11.0% 51% 11.8% 108% B4% 67%
_02 14.4% 66% 15.4% 13.3% 10.68% 75%
Shading Device performance of natural lighting to the interior that

a. Intemal Shading Device

The intemal shade (curtain) retains solar
radiation after passing through the glass window
and prevents the occurmence of direct solar
radiation conceming the occupants and the
deeper interior (Gago et al., 2015). However,
intemal shading is not as effective as external
shade in reducing cooling loads. Bright colors from
intemal shading with reflective layers are more
effective than dark colors because more heat is
reflected out through the window glass.
Fenestration system thermal performance is
depicted in Fig. 7.

Internal shading, in general, can be set fully
to meet the individual needs of the occupants and
is available in various designs and colors so that it
can be combined with other interior design
elements. In terms of design, the internal shade
can be distinguished as roller shades, horizontal
blinds, vertical biinds, and curtains. Amongst all
that, the horizontal curtain performs better by
reflecting sunlight to the ceiling to improve the
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Figure 7. Fenestration System Thermal
Performance (Al-Tamimi, Fadzl, & Harun, 2011)

b. External Shading Device

The extemal shade is more effective,
reducing solar thermal gain than the intemal
shade because it can block solar radiation before
it reaches the building envelope. The extemal
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shade needs to be carefully designed not only to
reduce the cooling load but also to create an
aesthetic architecture while taking into account the
natural lighting performance (Huang, Niu, &
Chung, 2103).

The geometry of the shading device should
be designed according to the path of the sun
movement, which led to the design of different
shapes and sizes for different onientations. In
general, honzontal shading devices are more
orientation, where the angle of sunlight armives
relatively high. Example of the vertical and
horizontal shading is shown in Fig. 8.

Figure 8. Example of the Vertical Fins Application
{top left) (Boyles et al_, 2009), The horizontal
Shading (top right) Wangsadinata & Suprayitno,
2008)

The effect of extemal shading devices on the
potential energy savings for different types of
buildings has been studied using computer
simulations (Freewan, 2014) as the base case is
a shadeless window for offices, retail, hotels, and
hospitals; And 300 mm horizontal shading for
apartments and schools. Also, the underiying case
of WWR for apartments and schools is 40% and
35% respectively, while for other types of buildings
is 69% (San & Suryabrata, 2014).

Differences in essential case charactenistics
for different types of buildings are by the existing
building characteristics in the major city of a
developing country. Therefore, energy savings
through the use of extemnal shading devices for
apartments and schools is smaller because of the
smaller window area in both types of buildings.
The effectiveness of the horizontal shielding
device is not determined by the shade, but by the
vertical shadow angle (VSA) (Nielsen, 2005).
There are many ways to get the same VSA, for
example, by using a single horizontal overhang,
pergola, muitiple horizontal overhangs with
smaller depth sizes, as shown in Fig. 9.

As illustrated in Fig. 10, the simulation
results of external shielding devices are very
effective at reducing cooling loads from windows,
where about 14% energy savings can be obtained

through the use of egg crate (Tzempelikos &
Athienitis, 2007). The effectiveness of the shade
varies depending on WWR, onentation, and
selection of glass materials. In general, higher
energy savings through shade can be achieved for
high-rise buildings with WWR and SHGC.
Therefore, the design of a fenestration system or
window should be done comprehensively to cover
all possible strategies to get the best resuits.

Iworgy Yormpe (N
Figure 9. Generic Extemal Shade Type:
Overhang and Potential Energy Saving (IFC,
2011)

AR

gy Sy
~

i

Figure 10. Generic External Shade Type: Vertical
Fins (top) and Eggcrate {bottom) and Potential
Energy Saving (IFC, 2011)
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Light Shelf

Light Shelf is a honzontal element that
divides the window into two parts. Upper window
for natural lighting and lower window for vision In
addition to functioning as a lower window shade,
the reflector of light also serves to reflect sunlight
coming from the top of the window to help
penetrate natural light into the room away from the
window. The glass above the reflector needs to
have a higher VT (Visible Transmittance), while
the glass beneath the reflector can have a lower
SGHC and VT. This will optimize light penetration
without causing excessive heat. To obtain better
natural lighting distnbution, the refiector's top
surface, as well as the ceiling, should have a high
reflectance. Example of heat transmission
reduction with horizontal shade is shown in Fig.
1.
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Figure 11. Heat Transmission Reduction with
Horizontal Shade
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Figure 12. Example of Light Sheif Performance
(Suryabrata, 2013)

Fig. 12 shows the performance of a light reflector
that can distribute natural lighting more evenly and
deeper by reflecting light from the ceiling of the
room {Lim & Ahmad, 2015). Ceilings near lighter
windows can also reduce the glare sensation due
to reduced conirast between interior surfaces
(ceilings) and the outside environment.

Wall
The building wall generally congists of
several layers of material with different thickness

and thermal properties. The combined value of
conductance (k) and resistance R-value of each
material layer determine the overall themmal
properties of the wall, which can be represented
by the U-Value (Ficco et al., 2015).

The lower the U-value, the better because
of, the lower thermal transfer. The application of
massive sheaths with lower U-values is better than
the curtain wall. The massive envelope not only
significantly reduces heat transmission and
cooling loads but aiso decreases the Mean
Radiant Temperature (MRT) in space (Tan, Wong
& Jusuf, 2014). MRT is the average surface
temperature of the material surmrounding a room
(e.g., wall, flcor, ceiling, table, etc.). The lower the
value of MRT, the better. Along with the air
temperature, MRT affects the themal comfort
level in the form of “operative temperature”
(Operative Temperature), which is the average

value of air temperature and MRT.
G.G Q.O D@

b Seaing 00 L" '- :
et "os L ¥ s
Parin N Y VR A
e s - =
AN " AR DX

Figure 13. Surface Temperature Comparison for

Glass Materials and Brick Walls

As shown in Fig. 13, the inner surface of the
glass can reach a much higher temperature than
the surface temperature of the brick wall
Therefore, even though the air temperature in a
room is in a comfort zone (e.g., 25°C), the resulting
operative temperature may be higher (e.g., 28°C)
if the building envelope is dominated by glass
windows (Mirrahimi et al., 2016). In other words,
although air temperature measurements show
25°'C, people wili feel like 28°C. In this case, the air
temperature should be set lower (e.g., 22-23°C) to
achieve a standard thermal comfort level.

Another typical building envelope
construction is curtain wall with glass panel and
massive lightweight panel (e.g., aluminum
compogite panel) (Stazi et al., 2014). In termms of
its thermal charactenstics, curtain walls are
particularly susceptible to heat transfer, and
therefore the addition of an insulating layer is
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essential to improve the thermal performance of
the building's envelope.

Roof

In single or low-storey buildings with large
roof areas, the roof can be a significant source of
heat recovery of a building. To minimize the
increase of heat through the roof, matenals with
high reflectivity and emissivity should be selected
(Dabaieh et al.,, 2015). Since roofing materials
typically have high U-values (high heat
transmission), the addition of insulating layers can
significantly reduce cooling loads. Having a roof
with reflectivity and high emissivity will also reduce
the urban heat island phenomenon.

Fig. 14 shows the results of a simulation
study revealing the significant impact of using
insulating layers on concrete and metal roofs to
reduce heat transmission. Keep in mind that the
roof (horizontal surface) receives much higher
solar radiation than the wall (vertical surface)
(Zhao et al., 2016). Therefore, roof construction
with better thermal performance (lower U-value)
should be used, because of its effectiveness in
reducing air cooling loads.

As illustrated in Fig. 14, adding 40 mm
insulating layers under the concrete roof reduces
heat transmission significantly from 23.58 W / m2
to just 4.10 W / m2. The insulation layer has a
much more significant effect for metal roof sheets,
where heat transmission is reduced from 88.75 W
/I m2to 13.94 W/ m2 (Ozel, 2014). Similarly, the
addition of an insulating layer to the curtain wall
construction on the Aluminum composite panel
with a gypsum panel wil reduce the heat
transmission by more than 50%.

Infiltration

Infiltration is the leak of extemal air into the
building by accident. This can happen through
cracks that occur on walls, roofs, or doors and
windows. This can also happen through open
doors and windows. This air leakage can be
exacerbated by wind, negative air pressure from
buildings, etc. Infiltration can increase the energy
consumption of cooling loads because the
incoming air must be cooled and moisture reduced
(Ng, Persily & Emmerich, 2015). If the interior of
the building is pressurized positively, the interior
air can start to leak out. This is known as
exfiltration.
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Figure 14. Example of Heat Building Material and
Heat Transmission (W/m2)

Thermal Indoor Environment

The thermal environment is also a part of
ergonomic design. Temperature and suitable and
comfortable room are very important for us to feel
comfortable, especially when working or doing
activities. Temperatures or temperatures that are
suitable and comfortable are ranged between 20-
22°C in winter and 20-24'C in summer. The
degree of respect and tolerance of humans to the
thermal environment depends on several factors,
namely physical condition, age, sex, body fat, and
alcohol consumption.

Thermal Comfort

Creating a comfortable thermal
environment is one of the essential parameters to
be considered in designing a building (Dewsbury
& Nolan, 2015). Thermal environments are
considered together with other factors, such as air
quality, lighting, and noise levels when we
evaluate the environment of our activities. If we do
not pay attention to the comfort of our place of
activity, then the impact will lead to decreased
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Themal comfort, as defined by ISO
Standard (International Standard Organization)
7730, is a complicated relationship between air
temperature, air humidity, and airflow velocity,
coupled with the type of clothing and activity and
metabolic rate of the inhabitants that present an
expression of feeling of satisfaction with the
condition Air in an environment (Yang, Yan, &
Lam, 2014). Comfort conditions are also
interpreted as thermal neutrality, which means
that one feels neither too cold nor too hot.

Thermal Discomfort

Although a person has a themal neutrality
sensation, certain parts of the body may be
exposed to conditions that result in thermal
discomfort (Carucci et al., 2015). This local
thermal discomfort cannot be removed by
increasing or decreasing the temperature of the
enclosure. This is necessary to eliminate localized
heating or cooling causes. In general, local
thermal insecurities can be grouped in one of the
following four titles, as shown in Fig. 15:

1. Local convective cooling caused by a draft

2. Cooling or heating of body parts by radiation.
This is known as a radiation asymmetry
problem.

3. Cold feet and warm heads at the same time,
caused by large vertical air temperature
differences.

4. Hot or cold feet, due to uncomfortable floor
temperature.

Only when the local thermal and general
thermal convenience parameters have been
investigated can the quality of the themal
environment be assessed.

Factors Affecting in Thermal Comfort

The most commonly used indicator is air
temperature, this parameter is easy to use, and
many people can feel it However, although this air
temperature is an essential parameter in the
assessment, it will not be accurate fo obtain data
if only one of these parameters is only to
determine thermal comfort. Air temperature
should always be considered with other
environmental parameters as well as personal
factors (Bonte, Thellier, & Lartigue, 2014). The six
factors that affect thermal comfort include
environmental and personal factors:
Environment Factors
Air Temperature
Radiant Temperature
Air Velocity
Humidity
Personal Factors
Cloth Isulation (Clo)
Metabolism (Met)

cpeapTp e

Figure 15. Local Themal Discomfort (NN, 1997)

Air Temperature

Air temperature measured by a
thermometer is an essential eiement of weather.
This weather element changes according to place
and time. The place is open; the temperature is
different from the piace, as well as in different
grass areas with a barren or paved road and so
forth. Air temperature measurements only obtain
one average value from the atmosphere. To get
the average temperature can be calculated by
adding the maximum temperature (Tmax) with
minimum temperature (Tmin) then divided by two
(Perini & Magliocco, 2014).

Radiant Temperature

Themal radiation is the heat radiation of
objects that generate heat. Heat radiation will
occur if there is a heat source in an environment.
Radiation temperatures have a significant
influence over the air temperature associated with
loss and addition of heat to the environment (Tan,
Wong & Jusuf, 2014). Our skin absorbs a lot of
radiation energy almost the same as the black
body, although the use of clothing may reduce
this. For example, radiation heat sources are the
sun, fire, electronic appliance, kitchen buming,
oven, and so forth.

Air Velocity

Explanation of the speed of air movement
across peopie in an environment. Wind movement
can help cool it if it is colder than the environment.
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Airflow wvelocity s also an esseniial factor in
thermal comfort because people are sensitive to it
Air movement in hot or humid conditicns can
increase heat loss through convection without
changes in air temperature (Maimaitiyviming et al_,
2014). Limited air movement in cold environments
can be feit as airflow. If the airtemperature is lower
than the skin temperature, thiz will affect
increasing the heat loss of convection. Physical
activity can also improve air movement.

Air Humidity

If the water is heated and will evaporate into
the environment. Air humidity is the ratio bebtween
the actual amount of water vapor in the air with the
maximum amount of water vapor in the air at the
same temperature. Air humidity between 40% and
70% doss not significantly affect thermal comfort
(Amara et al_, 2015). In some rocms, air humidity
is uzually maintained between 40-70%. However,
in reoms not conditioned by air, or where extemal
climatic conditions affect themal comfort in air
humidity may increase by more than 70% on
rather hot days and hot days. Indoor air humidity
can vary, and alzo depends on whether there is a
drying process in which the steam is removed.

The environment with high air humidity has
a lot of water vapor in the air, which prevents the
evaporation of sweat from the =kin. In tropical
environments, air humidity is essential because
the evaporation of sweat iz less when the air
hurmidity is high (above 80%) (Olgyay, 2015).
Sweat evaporation iz a way of keeping heat losses
in humans. When it cannot penetrate the clothes,
the moisture in the clothes increases as a cause
of sweat becauss sweat cannot evaporats.

Indoor Environment Strategy

In all climates to obtain thermal comfort
uging the passive method is to reduce the existing
control equipment. In cold or winter climates,
passive solar heating, good insulation and control
of air infiltration to reduce heating equipment. In
hot climates of massive buildings, good
evaporation, and shade cooling can be used to
improve comfort (Wang et al., 2015).

Other exceptions are in temperate and high
hurnidity. A building designed with the passive
cooling method iz a highly applicable cne. This
method s done by maximizing cross ventilation
which will make the use of air conditioning is not
applied. § the building will be air conditioning
installed then the design to be applied is very
different.

The result iz that the building must be
closed, coversd and blocked. Therefore, in every
decizion making either passive or active conirol
should be considered whether fo use cross

ventilation or using air conditioning (Sun et al |
2013) - procedures for warm and wet climates by
comparing psychromeiric charts with air
miovement in potential zones. If the climats line is
full closing zone, we can say enter in the passive
design. If not, then there are two alternatives
whether the reguired air conditioning or with a
closed building or convenience constraints can be
miet.

The discussions based on the above
theories are related to several things. The role of
technology and the combination of building
elements to reduce building energy use. The
combination of building envelope elements and
building roofs will create an unusual architectural
combination. Building control environments, both
passively and actively, or hybrids will be able to
increase the comfort of building users. In some
cases, the use of passive sirategies saves more
energy. Use of technology that utilizes sunlight to
the fullest, without reducing the comfort of building
users. The solar energy is abundant, but it can
increaze new problems from the building's themal
side

All strategies in the building environment
camied out must consider the sumounding
emvironment, locality, and the architecture of the
building itzelf. The most important thing iz using
low energy.

Several steps are nesded to implement the
energy conservation agenda in architecture. From
an enginsering point of view, the simple way is to
use criteria and technical standards to reduce
energy waste. The next stage i from the
institutional side, faciitating a patterm of
fundamental patterns of energy use in the artificial
emvironment by improving the quality of building
design, transportation systems and production of
consumer products in a wider spectrum, for
example through regional and urban planning to
minimize macro energy use. Moreover, the most
challenging stage is to cultivate conservation
ethics in each of them to use energy wisely and
hold & commitment to do it. Pragmatic design of
energy-saving architecture can be applied if
designers understand climate behavior where the
building is established and apply knowledge of
natural or arificial lighting awarsness in the right
place. Thus energy-efiicient architecture iz a
container that can play a more significant role to
improve the guality of energy, environmental
quality, and guality of human life through the
quality of energy-conscious design.

The building envelope is an element that
separates indoor and cutdoor emvironments; they
are subject to environmental efiects from
temperature, humidity, air movement, rain, snow,
solar radiation, and various other natural factors.
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It iz crucial to camy out maintenance of building
envelopes to  ensure the quality of the
emvironmentiworkfindusiry and to avoid premature
failure of building structures. One of the problems
of building envelope maintenance that is often
encountered is water runoff damage, especially in
areas with high rainfall. The envelope of the
building also needs to be designed and protected
from two effects of wind storms: debrs due to
fluctuating winds and pressure. This is an
important consideration in areas pronge o
humcanes/hurricanesftyphoons. A review of the
effects of wind storms on building envelopes
concluded that the penetration of high-rise
buildings was most affected due to hurmicanes.
Some building codes and standards regarding
wind debris and the efifects of fluctuating
pressures on  building envelopes are also
dizcussed in  this review. Generally, the
considerable effort can be made to examine,
classify, and document distress symptoms rather
than the emors themselves.

CONCLUSION

This paper aim to focuses on the deepening
of technology of building envelope elements, and
howe the building envelope can control the thermal
comfort as part of the indoor environment in a
building that camies sustainability architecture.
Descriptively revealed in advance about the
sustainable aspect of the architecturs itseli. Then
dizcussed the physical aspects of buildings
associated with building skin. The paper also
describes each element related to the building's
skin and its effect on the thermal indoor
environment. The comvenience of the building is
clozely related to the sumounding natural or
emvironmental conditions and the conditioning or
arangement of the space within the building.
Problems faced in the application of the comfort
aspects of the building depends on the object of
the building faced.

For buildings that require perfect quality of
occupancy, then these reguirements must be
adopted and applied. This application will be more
efficient when associated with energy-saving
izsues in the building in question.

The principles of passive design on building
envelope have a significant influence on the
comfort level in the building. It is not possible to
create a design that meets the themal comfort
requirements by emphasizing the design of
building envelopes. The goal to be achieved in
sustainable design is to minimize the use of the
current design that takes a lot of energy to address
the issue of energy crisis lately.

Improvements  to building envelope
elements are generally referred to as passive

energy efficiency strategies. Passive energy
efficiency  strategies are  susceptible to
meteorological factors and, therefore, require a
broader understanding of climate factors by a
designer. For examiple, thermal mass applications
as a method of saving energy are more effective
in places where the atmospheric air temperature
difference between day and night is high. Building
computer code energy modeling plays an
important role in choosing the best energy
efficiency options for a paricular location. To
ensure the comect operation of the designed
envelope, building a building envelope s very
important. Periodic energy audits of envelopes
and building maintenance are important for
achieving the best energy performance and long
life for building envelopes.

Currently, while some advancements in
envelops component technology are easy and
cost-effective to adopt, others are still in the
research and development stage for future
implementation. Several studies have been
conducted to find the economic feasibility of
wvarious building energy efficiency strategies. The
energy efficiency approach sometimes does not
require additional capital investment. For
example, a holistic energy efficient building design
approach can reduce the size of a mechanical
system to compensate for the additional costs of
energy efficiency features. Government incentives
and price cuts in many parts of the world promote
market penetration and social awareness of this
technology.

The dizadvantage of this paper is that it
does not discuss building envelop technology in
termsa of technology in depth. A further study is
needed to discuss this issue more deeply. In the
future, it is necessary to discuss the use of building
envelopes against the use of technology that
utilize= solar energy 2uch as the solar chimney.
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