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a b s t r a c t

This paper describes experimental and simulation study results of an air duct system that cools down
airflow by using TEMs (thermoelectric modules). This system is designated as TE-AD (thermoelectric air
duct) system which consists of twenty four TEMs along with heat sink and fan for circulation of air. Both
experimental and simulation results were in good agreement with each other and showed that the TE-
AD system reduces room temperature in the range of 1.2e5.3 �C and humidity in the range of 5e31%. The
COP (coefficient of performance) of the system ranges from 0.392 to 0.679 under different operating
input current for Malaysian weather conditions. By comparing TE-AD system with conventional air
conditioning system, energy saving of 38.83% and CO2 emission mitigation of 38.81% was achieved with
additional benefits of high reliability and refrigerant free system.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Presently, maintaining thermal comfort has been a challenge for
most of the developing countries, as the process of air conditioning
in large buildings can lead to excessive use of energy [1]. Energy
requirements for air conditioning will escalate from 300 TW h in
the year 2000, to around 4000 TW h in the year 2050 and a further
expected to increase around 10,000 TW h in 2100 [2]. One of the
main reasons for higher energy requirement of an air conditioning
system is 25e40% energy lost in an air duct system while chan-
neling conditioned air inside the building [3]. Approaches to deal
with the current situation are to utilize alternative energy sources
and thus reduce the usage of regular power technologies and air
conditioning system.

Thermo-electric effect was discovered at the beginning of the
19th century by Thomas Seebeck, and among the latest potential
technologies being researched in compliance with the re-
quirements of space conditioning [4]. TE materials are solid-state
energy converters that can create a temperature difference when
þ60 5 365 6461.
. Habib).
an electric potential is applied to the material (Peltier effect) or
generates the electric potential by introducing a temperature
difference (Seebeck effect) [5]. TE materials arranged in a certain
configuration are called TEMs (thermoelectric modules) and it can
be classified into either TEGs (thermoelectric generators), which
directly convert heat to electricity, or thermoelectric coolers
(TECs), which directly convert electricity into a temperature
gradient [6]. Previously TEMs are limited only to small applica-
tions due low COP (coefficient of performance), but over the past
few years researchers have identified its potential for building
applications.

Stockolm et al. [7] in 1982 used TEMs for cooling small cabs of
railroad and submarines. Lertsatitthanakorn et al. [8] investigate TE
air-conditioning unit installed on the celling. Two heat exchanger
one attached on the evaporator side were used to dissipate thermal
energy from the source and other attached on the condenser side
were used to discard heat to the surrounding environment. Result
shows that at input current intensity of 3 A, cooling capacity of
169 W was achieved. Maneewan et al. [9] develop TE air condi-
tioning system by implementing three TE modules for small space
conditioning application. At operating current of 1 A, COP of 0.34
and cooling capacity of 29.2 W was achieved. Cosnier et al. [10]
investigated air heating and cooling capacity of TEMs both
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Nomenclature

COP Coefficient of Performance
G Global solar radiation on a horizontal surface at the

next hour (W/m2 h)
GN Direct normal solar radiation at the next hour (W/

m2 h)
GTR Total radiation on surface at the next hour (W/m2 h)
GBR Beam radiation on surface at the next hour (W/m2 h)
G0 Geometric factor (area/length of TE element) (cm)
I Input current to TEMS (A)
KTE The module's thermal conductance (W/K)
N Total number of TE elements used in each module
n Time in years
PTE Power input for TEM (W)
Qcold Heat absorbed at cold surface (W)
Qhot Heat released at hot surface (W)
RH Relative humidity
RHin Indoor relative humidity
RHo Relative humidity of air at the outlet of air duct.
RTE The module's electrical resistance (U)
STE The module's Seebeck Voltage (V/K)
TEM Thermoelectric module

TE-AD Thermoelectric air duct system
Tcold Cold side temperature (K)
Thot Hot side temperature (K)
DT Thot � Tcold (K)
TDB Dry-bulb temperature at the next time step (K)
TSKY Sky temperature at the next time step (K)
Ta Ambient temperature at the next time step (K)
Tin Indoor room temperature at the next time step (K)
To Air duct outlet temperature at the next time step (K)
Vin Voltage (V)
Va Velocity of air in duct at the next time step (m/s)
Vw Wind velocity at the next time step (m/s)
Vf Velocity of air exhausted into the room at the next time

step (m/s)
W Power consumption of fan (W)
Z Figure of Meri (K�1)

a Seebeck Coefficient (V/K)
s Resistivity (U cm)
k Thermal conductivity (W/(cm K))
r Humidity ratio at the next time step
4 Solar azimuth and zenith angle
x Range of measured value
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experimentally and numerically. It was found that when the TE
module was operated at the input electrical current supply of 4 A,
cooling capacity of 50Wpermodule, with a temperature difference
of 5 �C between hot and cold side and COP range between 1.5 and 2
was achieved. Li et al. [11] experimentally studied TE module
application in cooling or heating of airflow for small envelope.
Results showed that COP greater than 1.5 can be achieved with a
small temperature difference of (5e10 �C) in cooling mode. Totala
et al. [12] also attempted to study the effect of thermoelectric
cooling in a 1m3 box using a single TEM and found that their design
was able to cool the ambient air temperature from 32.5 �C to 22.1 �C
using 4 TEMs, each providing 37.7 W of cooling power. Gillott et al.
[13] investigated the effect of TEMs on small scale building space
conditioning application. Results showed that maximum cooling
capacity of 220 W and COP of 0.46 was achieved when TE cooling
unit was operated at input electrical current supply of 4.8 A to each
module. Shena et al. [14] use TEM as radiant panels instead of
conventional hydronic panels to develop TE-RAC (thermo-electric
radiant air-conditioning) system. This system can be used for both
heating and cooling purpose and optimum results were obtained
when the system operates at current 1.2 A. A Maximum COP of TE-
RAC in the cooling mode was 1.77 and the minimum temperature
achieved at cold side was 20 �C. Performance of TE air-conditioners
were compared with conventional vapor compression air-
conditioners by Riffat and Qiu [15]. Results showed that the COPs
of TE air-conditioner was in the range of 0.3e0.45 while vapor
compression air-conditioner was in the range of 2.6e3.0 respec-
tively. However, Hermes and Barbosa [16] concluded that present
TEMs was having only 1% thermodynamic efficiency as compared
to Stirling and reciprocating vapor compression refrigeration sys-
tems which was having a 14% thermodynamic efficiency. So in or-
der to improve performance of the TE air-conditioning system,
Tipsaenporm et al. [17] applied direct evaporative cooling tech-
niques in TE air-conditioning system, which enhances the cooling
power from a value 53.0 We74.5 W. Cherkez [18] develop a novel
TE air-conditioning unit by combining TE and the JouleeThomson
effects. The results show that COP of system improves by a factor of
1.6e1.7 as compared to existing TE systems.
Different studies have shown that the application of TEMs for
small scale air-conditioning system application has been achieved,
but the application of same in an air duct for space conditioning of
buildings has not been researched. The main significance of this
paper is to study the application of TEMs in an air duct system for
developing novel TE-AD (Thermoelectric air duct) system for large
scale application. TE-AD system provides cool and dehumidified air
to the test room and thus reduces cooling load and energy
requirement. The prospect is not to have a fully air conditioned test
room, but rather to have a thermally affordable house in the trop-
ical climate of Malaysia without consuming excessive energy and
refrigerants. In the present study, an experimental system con-
taining TE-AD system was set up that cools down an airflow
circulated through it. A simulation model using TRNSYS software
that calculates the system's thermal performance was compared
with the experimental system. First a description of the experi-
mental setup, simulation model and results are presented followed
by energy consumption, CO2 emission and carbon credit potential
by TE-AD system are illustrated.

2. Methodology

2.1. Test room description

The experiment and data collection was conducted from 1
January to 31 January 2015 using the single-room house facility
equipped with TE-AD system located in the campus of Universiti
Teknologi PETRONAS (4�2301100N and 100�5804700E, Perak,
Malaysia). The test room is of dimensions 2.8 m (width, X) � 2.7 m
(depth, Y) � 2.5 m (height, Z) as shown in Fig. 1 and its thermo-
physical properties are presented in Table 1. All the external walls
are three-layered with a middle layer composed of 20 cm thick
brick and both the side walls are plastered. The plaster thickness is
1.3 cm for the inside layer and 1.8 cm for outside layer. The
Roof is covered by clay roof tiles. Gypsum board with
1.828m� 1.219m� 0.0063m is used in the ceiling. Thewindowon
the north-west wall is 0.304m high and 0.22mwide and is made of
plywood with a thickness of 2.2 cm. The windows have no



Fig. 1. Test room equipped with TE-AD.

Table 1
Thermo physical properties of building material.

Material Density (kg/m3) Specific heat (kJ kg�1 K�1) Thermal conductivity (W m�1 K�1)

Brick tile 1892 0.88 0.798
Mud brick 1731 0.88 0.750
Soil 1622 0.88 0.519
Cement plaster 1762 0.84 0.721
Cement mortar 1648 0.92 0.719
Limestone tile 2420 0.84 1.800
Sand grave 2240 0.84 1.740
GI sheet 7520 0.50 61.060
Roof tile 2531 1.4253 0.632

Fig. 2. Description of TE-AD.
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overhangs over it. The test room has a single steel door is on the
north-west wall of dimensions 2 m height and 0.821 m width. The
door is made of 0.45 cm thick GI metal sheet.

2.2. Thermoelectric air duct description

The TE-AD as shown in Fig. 2 consists of an aluminum sheet
housing supported by a frame andwrappedwith insulation sheet. A
Perspex sheet was installed at the center of the duct to house a total
number of 24 (TEC1-12730) TEMs. It was designed to separate the
air duct into two compartments where the air was cooled in one
compartment and warmed in the other by the TEMs. A small hole
was drilled in a Perspex sheet to bolt the heat sink and cooled
object together using plastic screws. Dimensions of the aluminum
heat sink are 65 mm � 65 mm � 20 mm and the aluminum cold
plate is 65 mm� 65mm� 10mm. A thin layer coating of thermally
conductive grease was applied on both hot and cold sides of TEMs
for proper dissipation and absorption of heat into the surrounding
medium. Both duct compartments were fitted with an exhaust fan
of power 56 W, each to enhance the performance of the TE-AD
system by controlling the velocity of the air flow in the duct. Both
fans were connected to a speed controller to control the fan speed.
The duct was insulated with an aluminum foil to prevent air
leakage and thermal losses which might degrade the performance
of the TE-AD system. Dimensions of the TE-AD system were
accordance with ASHRAE Standard 62.2 [19,20] and the specifica-
tions are shown in Fig. 3. Twenty four TEMs were arranged in eight
rows and three columns (8 � 3). The columns were connected in
parallel and TEMs in each column were internally connected in
series. For each series, the positive wires of the TEMs were con-
nected to the negative wires of the subsequent TEM while the
positive wires at the end of each series were connected to a Bus bar
(positive bar) and the negative wires at the end were connected to
another Bus bar (negative bar). The positive bar was then connected
to the positive terminal of the power supply, whereas the negative
bar was attached to the negative terminal.

2.3. Experimental procedure

In order to provide sufficient cooling with the TE-AD system,
suitable TEMswere selected to provide cooling load required by the
test room. The test room peak cooling load which was 589W, prior
to installation of the air duct. It was noted that at an applied voltage
of 5 V and input current of 6 A, each TEM module generates 25 W
cooling power. Thus, for a cooling load of 589 W, the number of
TEMs required was 24 units which can provide up to 600 W of
cooling power at the given configuration, which was slightly higher
than the required cooling load. The ambient air was circulated in-
side the test room via the TE-AD system installed on the north side
of the room with the help of a fan as shown in Figs. 1 and 2. When



Fig. 3. Dimensional details of TE-AD.

Fig. 4. Arrangement of thermocouple for temperature recording.
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the DC power supply was turned on, a current was applied across
the TEMs which created a temperature difference between the cold
and hot sides of the module. The heat sinks attached to the hot side
of the TEMs have eight fins, each 1 mm thick, 75 mm in length and
15 mm in height. In order to improve the heat transfer between the
TEMs and the heat sinks, thermal paste was applied. The heat sinks
were cooled by forced convection using an exhaust fan of power
56 W whose speed was adjusted by using a speed regulator.

The experiment was carried out by six levels of input current i.e.
2 A, 3 A, 4 A, 5 A, 6 A and 7 A was used to investigate the effect on
main results i.e. indoor temperature, indoor relative humidity, COP,
cooling capacity (Qc), CO2 emission and carbon credit potential. Ten
K type thermocouples were fixed at different locations of the test
room and TE-AD system as shown in Fig. 4, to collect the temper-
ature data for every 5 min with the help of data loggers. The TE-AD
system was run for four days at each level of input current. A
portable solar meter was used to measure the solar irradiation at
the time of operation of the TE-AD system. Table 2 shows the detail
of the instruments employed in the experiment. An uncertainty
analysis has been carried out and the results are presented in
Table 3. It was found that solar radiation measurement has the
largest relative uncertainty in the entire experiment. The values
listed in Table 3 include all uncertainty sources and may be treated
as the safest estimation of the uncertainty.
2.4. Simulation model

The system was modeled by using the dynamic simulation
software TRNSYS (TRaNsient SYstem Simulation Program) v.17. This
software can predict the thermal behavior of the test room, with a
degree of flexibility and useregraphical interface [21]. Construction
details and thermo physical properties of building materials are
presented in Table 1. It was assumed that the heat transfer across
the walls and roof is unidirectional and occurs along the thickness.
The wall and roof structures were made of homogeneous material
layers. Air change per hour was assumed to be constant and all
thermal properties of building materials i.e. thermal conductivity
and specific heat are assumed to be constant throughout the
simulation study.

TRNSYS simulation modeling was defined by 10 modules
(TYPE). The Information flow diagram of the system components
presented in Fig. 5 has been drawn to show the interconnection
between components and the flow of information between them.
Each component is denoted by the box called TYPE. Each compo-
nent requires a number of constant parameters and time depen-
dent inputs in order to provide time dependent outputs. A given
OUTPUT may be used as an INPUT to any number of other
components.

The meteorological file contains the hourly data for a typical
year was calculated using ambient conditions during three years
(2012e2015) from the Malaysian Meteorological Department
which include the ambient temperature, total radiation and wind
speed. (Type 9a) data reader was installed to read the authentic
weather data which was organized as a .txt file. This data consists
of the ambient temperature, irradiation and the relative humidity
that was accumulated from the weather station. Type 16 was used
as radiation processor and Type 33, Type 69 was used for
providing relative humidity, cloudiness factor, fictitious sky tem-
perature data, and dry bulb temperature. Type 56 was used to
model a single zone building with one air node for one zone. The
Air node represents the thermal capacity of that particular zone
and capacities that were associated. Distinct equipment modules
can be coupled to the zones as either the internal convective gains
or the ventilation fans. A separate pre-processing program PREBID
that can read and execute a file having all building information as
discussed above was used. PREBID generates two files that were
used by the Type 56 component during a TRNSYS simulation.
(Type 155) used to call a MALTAB routine into the TRNSYS and was
a component created for calculating the temperature of the cold
side of TEMs arranged in TE-AD as per equations (5)e(10). Spec-
ification of TEMs used in the simulation is given in Table 4. The
temperature of the hot side of the module is assumed to be con-
stant Thot ¼ 25 �C.

Heating and cooling capacity of a TEM involved four types of
heat i.e. Peltier cooling (QPEC), Peltier heating (QPEH), Joule heat (QJH)
and Fourier heat (QFH) given as follows:



Table 2
Detail specification of equipment used in the experiment.

Apparatus Type Quantity Function Specification

Thermoelectric
modules (TEMs)

Heibei TEC1-12730 24 To create a temperature gradient
from an applied electric current

Maximum Current Input ¼ 30.5 A @15 V
Qmax ¼ 257 W @Th ¼ 25 �C
Qmax ¼ 282 W @Th ¼ 50 �C

DC Power Supply CPX400DP 1 To supply current into TEMs Dual output, each with: 420 W, Vmax ¼ 60 V, Imax ¼ 20A.
Voltage and current draw can be adjusted.

Heatsinks Finned Aluminum 24 To improve heat dissipation on hot side of TEM
Anemometer 1 To measure air speed for controlling fan speed
Thermocouple Type-K 10 To measure temperature Kept at 0 �C, measured accuracy within ±0.1 �C
Advanced Solar

Power Meter
1 To measure solar irradiation Resolution: 1 W/m2

Spectral response: 400e1100 nm
Accuracy ±2 W/m2

Fan HDEF-12 Exhaust Fan 2 To assist TE-AD by controlling air
flow into the duct

230V, 56 W
900 Diameter
Speed ¼ 1400 rpm
Max air flow ¼ 10e15 m3/min

Data logger midi Logger GL220 1 To record measured data Every 10-min intervals record

Table 3
Uncertainty analysis of measured value.

Variable Typical value (x) Uncertainty ðvxÞ Relative uncertainty ðvx=xÞ%
T_In (�C) 18e35 0.1 0.56
T_a (�C) 20e40 0.1 0.55
T_C (�C) 15e25 0.1 0.67
T_H (�C) 25e40 0.1 0.4
Solarimeter (W/m2) 100e900 2 2

Fig. 5. TRNSYS information flow diagram.
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Table 4
TE module properties.

Type Dimension (mm) N Imax (A) Umax (V) Qcmax (W) Tmax (�C) RTE (U) STE (V/K) KTE (W/�C)

TEC
1-12730

62 � 62 � 4.8 127 30 15.4 266.7 68 0.27 0.051 0.5177

Fig. 6. Variation of indoor and outdoor climatic conditions of test room with time,
when TE-AD system operated at 5A.
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QPEC ¼ STEITcold (1)

QPEH ¼ STEIThot (2)

QJH ¼ I2RTE (3)

QFH ¼ KTEðThot�TcoldÞ (4)

By utilizing above four equation heating and cooling capacity of
a TEM can be defined as:

Qcold ¼ STEITcold � 0:5I2RTE � KTEDT (5)

STE ¼ 2Na (6)

RTE ¼ 2Ns=G0 (7)

KTE ¼ 2NkG0 (8)

Qhot ¼ STEIThot þ 0:5I2RTE � KTEDT (9)

Vin ¼ ðSTE � ðThot � TcoldÞÞ þ ðI � RTEÞ (10)

The electrical input power of a TEM is given by

PTE ¼ aIðThot � TcoldÞ þ I2RTE (11)

Z ¼ S2TE
RTEKTE

(12)

The coefficient of performance under cooling mode of TEM can
be given by

COPTE cooling ¼ Qcold

PTE
(13)

The system coefficient of performance in cooling mode is given
by

COPTE�AD system
Qcold

ðPTE þWÞ (14)

(Type 607) was used to model the air duct. (Type 642) models a
fan that was utilized to circulate the air through TE-AD. (Type 25)
was a printer component used to output (or print) system variables
at designated intervals of time.

3. Results and discussions

In this section, findings of implementation of the TE-AD system
in the test room, operated at different input current are presented.
The detailed discussion and comparison of experimental and
simulation results are given in the subsequent subsections. Carbon
credit potential and CO2 emission mitigation by implementing the
TE-AD system are also discussed.
3.1. Effects of the TE-AD system on room temperature

The effect of implementing the TE-AD system on indoor con-
ditions of the test room at different input currents to TEMs is pre-
sented in Figs. 6e8. The TE-AD system was tested for six level of
input current but only three significant curve is presented. When
the TE-AD systemwas operated at 5 A, reduces indoor temperature
and relative humidity in the range of 2.2e3.9 �C and 15e21% as
presented in Fig. 6. It is depicted from Fig. 6 that the performance of
the TE-AD system is highly dependent on the outside climatic
condition (i.e. outside temperature and solar radiation intensity).
Significant indoor temperature and relative humidity reduction
were achieved during the initial and the final hour of operation of
the TE-AD systemwhen solar irradiance was below 300 W/m2 and
outside temperature was below 27 �C. During peak operating hour,
the performance of the TE-AD system reduces as solar irradiance
reaches above 850W/m2 and outside temperature to 34 �C. In order
to improve the performance of the TE-AD system input current
supply to TEMs was increased to 6A, which results in optimum
indoor temperature reduction ranges between 2.8 and 5.3 �C and
relative humidity reduction ranges between 20 and 31% as shown
in Fig. 7. This is because with the increase in input current supply,
the capacity of heat pumping of TEMs rises and more energy is
absorbed on the cold side [18], while on the hot side more heat
energy is released to the circulated air, causing rise in temperature
of the hot side of TEMs. When ambient air comes in contact with
the cooling side of TEMs that was lower than the dew point tem-
perature of surrounding air, dry bulb temperature starts reducing.
As the cooling process proceeds at some point it achieves the
estimated dew point temperature of the air. At this point the water
vapor contained in the air is reduced due to dew particles being
formed on the ceramic surface of TEMs. Thus, temperature and
humidity level of the air were reduced. On the hot side, where
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ambient air was allowed to circulate with a fan, this removes the
heat dissipated from the TEMs and thus reduces Joule heat and
thermal conductive energy presented in (Eqs. (3) and (4)) trans-
ferred back to the cold side. This causes an increase in the cooling
capacity and net energy received at the cold side of TEMs. The Cold
side of TEMs absorbs the heat from ambient air, thereby reducing
its temperature. When this air is allowed to enter inside the test
room it reduces its indoor temperature significantly. Interestingly,
it was also found that as one increases the current supply from 6 A
to 7 A the indoor temperature of the test room and hot side tem-
perature of the TE-AD system increases as shown in Fig. 8. The
reason for this behavior is explained in next section.
All the data obtained at different input current were fitted in the
normal distribution. Goodness of fit test was observed by applying
Pearson's chi-squared test. The calculated value of Pearson's chi-
squared test for nearly all measured data come out to be less
than or equal to 44 at 23 degrees of freedom and corresponding
table value was 49.78 [22]. So the null hypothesis was rejected and
the results were statically significant with 0.05 level of significance.
3.2. COP and cooling power of TE-AD system

The variation of cooling power and COP of the TE-AD system
operated at different input currents is shown in Fig. 9. Results of the
present study were compared with Maneewan et al. [9] results
because of similar TEMs used for space conditioning purpose in
both studies. It was found that as the input current increases,
cooling power (Qc) increases more than the temperature difference
between the hot and cold side of the TEMs. Contrarily to results
published by Ref. [13] these results showed that by controlling hot
side temperature with the help of a fan, the COP increase from
0.392 to 0.679 and cooling power increases from 133.42 W to
498.78 W, with an increase in input current from 2 A to 6 A.
Maximum COP and cooling power of the TE-AD system was ach-
ieved at 6 A, so the four day system operation reading at 6 A is
presented in Fig. 10.

It is depicted from Fig. 10 that maximum COP and cooling ca-
pacity was achieved during the initial and final hour of operation of
the TE-AD system. The trend follows by cooling capacity and COP
was almost same andmaximum COP and cooling capacity achieved
was 0.679 and 498.6 W. As the experiment proceeds cooling ca-
pacity and COP decreased because of rise in surrounding temper-
ature and increase in heat released rate by the TEMs. It was also
found that when the current intensity was increased beyond 6 A,
COP as well as cooling power decrease drastically as higher value of
electrical current generates more heat, i.e. Joule heat which offset
Peltier cooling effect. The fan becomes insufficient to carry away the
heat and more joule heat and thermal conductive energy was
transferred back to the cold side of TEMs. This reduces the cooling
capacity of TEMs. Also, TE-AD systems when operating at higher
current consume more energy, causing a decrease in maximum
COP as shown in Fig. 9. Moreover Maneewan et al. [9] also support
our results by finding that COP has a maximum increase for an
input current of 2 A, and decreasing after that, in their case of small
enclosure. By further comparing our results with previous TE
cooling studies listed in Table 5, shows that the TE-AD system
provide sufficient cooling capacity. A COP of the TE-AD system can
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Fig. 11. Comparison of experimental and simulation data for indoor air temperature of
test room when TE-AD system operated at 5A and 6A.
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be further improved by implementing energy storage technologies
i.e. integration of TE and phase change material (PCM), integration
TE and solar technologies and integration of TE with energy re-
covery technologies.

3.3. Comparison of simulation and experimental results

The simulated and the experimental results of the TE-AD
system were compared and found in good agreement. Since the
optimum performance of the TE-AD system was found in the
current range of 5e6 A, so experimental results of indoor tem-
perature for this range were compared with simulated results
and presented in Fig. 11. Results show that the temperature dif-
ference between experimental and simulation data was less than
±0.6 �C.

3.4. Mitigation of CO2 emissions and carbon credit potential

The Malaysian building sector largely depends on air condi-
tioners to provide thermal comfort to the occupants, which con-
sumes lots of fossil fuel resources. Total CO2 emissions in Malaysia
have rapidly increased by 221% from year 1990e2004, and it is
estimated to rise up to 328 million ton by 2020 [26]. TE-AD system
is one of the most reliable and environmental friendly renewable
energy technology which plays a significant role in CO2 emissions
mitigation. The numerical calculation was carried out to estimate
the amount of CO2 emission mitigated due to the existing TE-AD
system as compared to conventional air conditioning systems.
The average intensity of CO2 discharge from coal thermal power
plant in Malaysia is 1.21 kg/kWh [27]. The total mitigation of CO2
Table 5
Comparison with pervious study on thermoelectric cooling.

Authors Modules Operation current (A)

Cosnier et al. [10] Four piece (CP2-127-06L) 4e5
Maneewan et al. [9] Three piece (TEC1-12708) 2
Vian et al. [23] Two pieces (6L) ~2.8
Gillot et al. [13] Eight pieces (UT8-12-40-RTV) 4.8
Tipsaenporm et al. [17] Three piece (TEC1-12708) 4.5

Shen et al. [14] (One piece TEC1-12706) 1.2
Zhao et al. [24] Fifteen pieces (RC12-8) 2.5
Tan et al. [25] Forty two (RC12-8) 5
Present work Twenty four piece (TEC1-12708) 6
emissions from the existing TE-AD system and conventional air
conditioning systems for 20 years life can be calculated by using Eq.
(14) [28] as follows:

CO2 emission mitigated ðkg=lifeÞ
¼ 1:21 kg=kWhÞ � E ðkWh=yearÞ � n ðyearÞ (15)

Comparison of electrical energy saving of test room mentioned
above using the TE-AD and split air conditioner with a 1-ton-ca-
pacity was presented in Table 6. Room temperature and energy
consumed by the air conditioner and TE-AD were recorded for a
duration of 8-h/day. Energy consumption of TE-AD system was
recorded when operating at 6 Awhile for split air conditioner when
set point temperature is 24 �C. The set point temperature of room
temperature for almost all office of Malaysian is in between 24 and
26 �C [28].

It was found that the total amount of CO2 emissions due to
existing TE-AD system in its life span is estimated as 57.17 tons
which is 36.33 tons less as compared to conventional air condi-
tioning system. Also TE-AD system consumes 1360.72 kWh/year
less energy as compare to air conditioner unit.

The carbon credit potential of TE-AD systemwas determined on
the basis of aggregate sum of CO2 release mitigation from the
system in its lifespan. The amount of carbon credit earned by TE-AD
system can be calculated from the following Eq. (15) as follows [29],
COP Cooling capacity (W) Application area

1.5 50 per module Small enclosure
0.48 62.1 Compact TE air conditioner
0.45 20 Small compartment
0.46 220 Small space
0.52 74.5 Compact TE air conditioner with Direct

Evaporative Cooling System
1.77 <5 Small space
0.87 165 Small space conditioning with PCM integration.
0.78 1534.3 Space conditioning with PCM integration
0.679 498.6 Test room of dimension 2.8 m � 2.7 m � 2.5 m



Table 6
Comparison of TE-AD system with air conditioning system.

Type of home Energy consumption (kWh/year) Emission of CO2 (ton/life) Energy saving (kWh/year) CO2 reduction (ton/life)

Room equipped with 1 ton split air conditioner 3504 93.54 0 0
Room equipped with Thermoelectric air duct 2143.28 57.17 1360.72 36.33
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Carbon credit earned ¼ US$13=ton� CO2 emission mitigated
by TEAD system ðtons=lifeÞ:

(16)

In Eq (15) US$13/ton of CO2 emission denotes the price value of
one carbon credit for mitigation of 1 ton of CO2 emission [30]. So
the carbon credit potential of TE-AD system as compared to air
conditioner system for its life span is around US$ 472.29.
4. Conclusions

A novel TE-AD system was successfully installed and tested for
the test room. Major conclusions can be drawn as follows:

1. COP over 0.679 and cooling power, Qc up to 499 W could be
achieved in an air-coolingmodewith the system operated in the
range of 5e6 A, and 5 V.

2. Temperature difference between indoor and the outdoor of the
test room can be reach up to 3.0e5.3 �C while operating at 6 A
current intensity. Fan and heat sink attached to the hot side of
TEMs plays an important role in maintaining the temperature
difference between the hot and the cold side of TEMs as small as
possible, by dissipating heat generated at the hot side of TEM to
the outside environment.

3. By increasing electrical intensity above 6 A, the cooling perfor-
mance of the TE-AD system was reduced as heat starts trans-
ferring from hot to cold side of the TEMs.

4. Experimental results were compared with the simulation data
and it was observed that the temperature differences between
indoor and outdoor conditions of the test roomwere below 6%.

5. CO2 emission mitigation due to existing TE-AD system as
compared to a conventional air conditioning system in its life
span is estimated 36.33 tons. The TE-AD system consumes
1360.72 kWh/year less energy as compared to the conventional
air conditioner unit and carbon credit potential of the TE-AD
system for its life span is around US$ 472.29.

The TE-AD system having a low COP than the conventional air
conditioning system, but can be used for space conditioning pur-
pose for the less fluctuating environment. This system can also be
coupled with the duct or air distribution system of the air condi-
tioning systems, thereby reduces air-duct system losses and en-
hances the cooling performance of the system. The system
performance can further be improved by optimizing TEMs figure-
of-merit (ZT value), reducing the heat transfer resistance of the
hot side of TEMs, using energy storage material such as PCM,
reducing air flow obstruction by redesigning fins of the heat sink
and integrating with a photovoltaic system.
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