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Abstract—Office room building envelope get warmed in
summer session due to rise in temperature and reached around
almost 40°C to 45°C which causes overheating of buildings as a
result thermal discomfort increase and cooling energy demand
increases in building specially in Sindh. Also internationally
energy demand rises in building sector, nearby 60% of the total
energy used for cooling and heating purpose, Also on other hand
unit price of electricity rise day by day in Pakistan. Therefore
there is need to adopt some techniques which minimize these
adverse effect, one of them is discussed in this research work
which is passive cooling technique. Therefore this research work
will focus on Bio Phase Change Material and their effect on the
thermal comfort of the building. Hence, PCM method can be an
effective technique for designing of energy-efficient buildings for
this region of the country (Hyderabad, Pakistan) .Thus, the
purpose of current investigation is to check the effectiveness of
apply selective passive cooling strategy to a office building model
located in Hyderabad for better thermal performance and to
decrease energy use of building envelop in warm climate.

Index Terms— Bio Phase Change Material, Heat Gain,
Operative Temperature, Office Building

I.INTRODUCTION

lobally energy demand has been increased in the building

sector during last four decades because of rise in the
population, urbanization and living standard of the
people[1],[24],[25].[2],[3] Buildings have added outstandingly
to world energy utilization,[4],[5],[6]consequently greenhouse
gases emissions are increased. [7] Therefore, it is essential to
design energy efficient and sustainable buildings.
[8],[9],[10],[11] Around 60% of the total energy used in
building is utilized by Heating ventilation and air conditioning
system. [12] Because of this higher energy consumption in the
building it is required to adopt some new techniques to
minimize the higher energy consumption in the buildings for
the heating and cooling purpose.[13] The passive cooling
method is one of the techniques which minimized energy
utilization in the buildings and greenhouse gases emissions.
[14]Active and passive are two types of cooling techniques,
Active technique adopted the conventional HVAC systems on

other hand; the passive cooling technique utilizes the energy
present in the nature instead of the conventional energy
sources.[15] Overheating of building cause thermal
discomfort, [16] in order to avoid this adverse effect passive
cooling technique can be utilized, [17] another technique such
as increase the thermal mass of the building envelope as a
result reduction in the installation of air conditioning unit.
[18]Heat dissipation, heat prevention, and heat modulation are
the three types of passive cooling strategies.[19] Heat
dissipation is the discharge of internal heat. Heat prevention is
the controlled heat absorption process. Thermal modulation is
modifying heat gains. In the thermal modulation system the
thermal energy storage materials are commonly used which
are known as the phase change materials (PCM). [23] These
materials are store and release the thermal energy in the form
of latent heat during the phase change process.[19] PCM
changes phase from solid-state to liquid state depending upon
its temperature difference.[20] PCM materials are beneficial
for effective energy utilization and indoor thermal comfort of
a building. These benefits are increasing the scope of research
in this area. Therefore, this research work will focus on the
phase change materials and their effect on the thermal comfort
of the building. Sindh is a hot weather province of the country
where temperature reaches to the 45°C and almost eight
months of the year remains hot weather. Hence, PCM method
can be an effective technique for designing of energy-efficient
buildings for this region of the country. Thus, the purpose of
current investigation is to check the effectiveness of apply
selective passive cooling strategy to get better thermal
performance and to decrease energy use of building envelop
in warm climate. [21] Bio Phase change materials (PCM)
when applied in the building envelope it will absorb heat in
day time and releases it outdoor in the night time. Results of
that peak indoor temperature of building decrease in the day
time. [26] For cooling application phase change material have
good potential,[22] because they are thermal stability for
millions of charging and discharging, huge latent heat of
fusion and low melting point. [26] Selection of Phase Change
Material depends upon its melting point, in warmer region set
point of phase change Material temperature should be lower
than the upper range of comfort level, because of that in day
time it can be melt easily and absorb extra thermal energy to
maintain inside temperature near to the comfort.
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I[1.OBJECTIVES

This research work is about to build an office room of a
building with and without integrate Bio Phase Change
Material in building envelope in order to analyse the heat
conduction rate, also due to excessive amount of heat
conduction rate by the building envelope in day time cause
thermal discomfort for the occupant and increases operative
temperature, therefore cooling load demand increases in day
time. In this study the main focus on to achieve thermal
comfort and reduce operative temperature and cooling load
demand in day time by incorporating bio phase change
material in building envelope.

IN.METHODOLOGY
e Assingle room of a building is sketched in a design software
having volume of 91 m® and simulated in energy plus
software. Furthermore all necessary details of a single room
considering Bio PCM properties are added in energy plus
software such as construction, material properties as shown in
tables below. After that, in order analyse the heat transfer rate
a conduction finite difference solution algorithm that
incorporated in energy plus software is used.
¢ In energy plus software a single room is categorized in a
zone having different surfaces such as walls, roof etc, having
same construction but with different materials detail. In energy
plus software from surface construction elements option a
Bio-PCM is selected in order to analyse the difference in heat
transfer rate by using conduction finite difference solution
algorithm.
e In energy plus software, from out variable option
"Operative temperature” variable and heat conduction rate are
selected as a study parameters that help us to evaluate the
cooling energy consumption and saving for hot season in
Hyderabad Pakistan.
A.Room Model of An Office
Using a CAD software a single room of a building is modeled
having one window and Door facing south and north
directions respectively as shown in fig.1.For office room
dimensions refer the Table-l and Table-II.

Figure. 1. Single office room of a building

TABLE I :Dimensions of Office Room of a Building

Sr.No Length Width Height Volume

1 4.5m 4.5m 4.5m 91 m?

TABLE 11 :Door and window Dimension of a Office room

Name height width Area
Door 1.98m 0.762m 1.51m?
Window im im 1m?

B. Material Properties and Construction Details

In Energy plus software need to input all necessary material
properties like, thickness, conductivity, density and specific
heat, the details of these properties are mentioned in Table-I11.
Also in energy plus software every building envelope layer
have same construction detail but with different material as
mentioned in Table-1V.

TABLE |1l :Physical Properties of The Material

Name Thickness | Conductivity | Density | Specific
(m) (W/m2K) | (Kg/m3) | Heat
(i/Kg.K)
F 16 Acoustic .0.0191 0.06 368 590
tile
MO01 100mm 0.1016 0.89 1920 790
Brick
lightweight 0.1524 0.53 1280 840
Concrete
heavyweight 0.2032 1.95 2240 900
Concrete
Mortor/stucco 0.051 0.97 1600 900
(cement
Bio PCM .0.01 0.2 1125 3350
Q23
TABLE IV :Material and Construction Detail
Sr.No 1 2 3 4 5 6
Materia Mortor/ Mo1 Heavy F 16 Light Bio
| stucco 100mm weight | Acous | weight PCM
(cement) Brick Concrete | tictile | Concrete
Windo 6mm - - - - -
w Clear
Door wood - - - - -
Wall Mortor/ Mo1 Mortor/ Bio - -
constru stucco 100mm stucco PCM
ction (cement) Brick (cement)
Roof Light Mortor/ Bio - - -
constru weight stucco PCM
ction Concrete | (cement)
Floor Heavy F 16 - - - -
constru weight Acoustic
ction Concrete tile

IV.RESULTS AND DISCUSSION

A. Building Office Room Heat Conduction Analysis

From fig. 2,3,4,5, it is observe that Bio Phase change material
function properly for the current office room building location
(Hyderabad pakisatan), the amount of heat energy transferred
through conduction in the office room building walls almost
stored in bio phase change material, basically bio phase
change material are well know as energy storage device in our
research work we obseved that between march and october
months amount of heat transfer rate through the wall by
conduction increased due to the hot weather condition in
hyderabad, pakistan.during these months people used of air
conditioner for their comfort, therefore in this research work
Bio Phase change material is used to minized the use of air
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conditioner in these months.Bio Phase change materials
(PCM) when applied in the building envelope it will absorb
heat in day time and releases it outdoor in the night time.
Results of that peak indoor temperature of building decrease in
the day time as discussed below.
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Figure. 2. West Wall Heat Conduction Rate
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Figure.3. East wall Heat Conduction Rate
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Figure. 4. South Wall Heat Conduction Rate
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Figure. 5. North Wall Heat Conduction Rate

Building Office Room Operative Temperature

From fig.6,it is observed that when building envelope is
incorporated with Bio Phase Change material operative
temperature decreases. According to the ASHRAE standard
55-1992 uses the operative temperature as the environmental
variable for the evaluate thermal comfort at different
movement and clothing insulation, In our study regarding the
office room building concluded that during the month between
march and October operative temperature remain high in case
of office room considered without Bio PCM, the value of
operative temperature between 30°C to 33°C. But when we
incorporate Bio Phase Change Material with building envelop
the values of operative temperature decreases from 30°C to
27°C between march and October, which satisfy the thermal
comfort conditions. Although thermal comfort can be
acceptable from the point of view of human act, given that it
tends to be top when people are comfortable with the
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Figure. 6. Operative Temperature

C. Cooling Energy Saving and Unit Cost saving Analysis

It is observed from above results that utilization of Bio PCM is
beneficial because of it reduce heat conduction rate of building
office room envelope but also provide a satisfactory operative
temperature along this as shown in fig. 7, each month there is
a saving of cooling energy, if we take it in digits almost 72
Kwh/year saving is achieved, almost 6 Kwh/month cooling
energy is saved. According to the unit cost of electricity for
domestic consumer, up to 100 unit the cost (Rs/Kwh) is
around 2.64.According to this statistic in our case we can
saved 16 Rs in Each month.

Cooling Energy Transfer
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Figure. 7. Cooling Energy Consumption (Kwh)

V. CONCLUSIONS
In Hyderabad Pakistan almost eight months of the year remain
hot weather with higher temperature value which make people
uncomfortable and they rely on HVAC system, Therefore as
discussed in this research work thermal heat storage material
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are beneficial for that climate, like Bio PCM they can not only
reduce operative temperature between the rang around 1°C to
3°C but also reduce cooling load demand almost 72Kwh/year
saving is achieved, as a result some cooling load cost
reduction which is around 16 Rs/month is achieved. Also Bio
PCM material are thermally stable and there payback period
should be around 15 to 20 years. Thus PCM technique is
effective for designing of energy efficient building for current
region of the country. Therefore current investigation purpose
is achieved to check the effectiveness of apply selective
passive cooling strategy to get better thermal performance and
to decrease energy use of building envelop in warm climate.
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