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Abstract
In this study, the performance of a Fan Coil Unit (FCU) in a seminar room has been evaluated by measurement in hot and humid weather
of Malaysia. Apportioning of cooling load, cooling coil capacity and the air properties in different points of FCU were considered as
performance factors. Temperature, humidity and flow rate of air in different points of case study were detected by measurement. The
measurement result demonstrates that the temperature and humidity of seminar room under application of FCU were 24.3EC and 77.1%,
which are not matched with standard indoor condition (25EC, 50%). It was achieved that 51 and 49% of total cooling load (9.36 kW) were
related to latent and sensible loads, respectively. Apportioning of FCU cooling coil capacity showed that 56% of the total cooling coil
capacity (13.06 kW) was related to the dehumidification process and 46% was related to the sensible cooling process. In order to reaching
the standard indoor condition, a FCU standard have been designed. The results of comparison between installed FCU and FCU standard
showed that the energy consumption of the FCU standard was 1.4  times higher than that in installed FCU.
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INTRODUCTION

The Air Conditioning (AC) systems are accounted for a
large portion (approximately 50-70%) of the total energy
consumption in buildings in tropical countries. The high
humidity in tropical region is the main reason of this issue. The
AC should be able to remove two kinds of latent and sensible
loads from each zone for efficient cooling. Humidity and
thermal load that should be removed from a building to
achieve thermal comfort are assessed in terms of Latent Heat
Ratio (LHR) and Sensible Heat Ratio (SHR). The LHR is the ratio
of sensible load to total load, whereas SHR is the ratio of latent
load to total load1.

A building zone can be categorized into two types,
namely, low LHR and high LHR based on location. To achieve
thermal comfort by an AC for a low LHR zone, air is usually
cooled below dew point by using a cooling coil that is
integrated to an electric chiller2. Dehumidification and cooling
process are then carried out in the cooling coil supported by
chilled liquid from the chiller3,4. A cooling coil requires a high
supply of chilled liquid (increased liquid flow rate or decreased
liquid temperature) to support dehumidification in buildings
with high LHR caused by high latent load in this zone; hence,
more  energy  is  needed.  In  this system, dehumidification
and  cooling  simultaneously  occur  in  the  cooling coil. Air
temperature is less than the required temperature because of
extreme dehumidification. Afterward, reheating is necessary
to achieve the required supply air temperature5.

Therefore, energy consumption of a cooling system in a
building with high LHR is greater than that in a building with
low LHR because of extreme dehumidification and reheating.
Therefore, in building with high LHR, due to extremely
dehumidification process and using reheating process, the
energy consumption of cooling system is more if compared to
the building with low LHR. The AC application without
sufficient dehumidification increases the risk of wall
condensation and Sick Building Syndrome (SBS) because
cooling coils cannot handle total latent load. Likewise, AC
application without reheating in hot and humid regions can
cause problems, such as over cooling, low indoor air quality6.
Therefore, the main problem of conventional AC systems in
hot and humid regions is high energy consumption because
dehumidification and cooling are integrated by cooling coils7.

It seems that to avoid the high consumption of air
condition system in this region, conventional air condition
system without extreme dehumidification process and
reheating process are used. Therefore, the risk of SBS has been
increased in Malaysia. The term SBS has been used to describe
symptoms (including headaches, fatigue and irritation in the

upper respiratory tract, nose, throat, eyes, hands and/or facial
skin) that can be influenced by the indoor environment8. The
high humidity ratio of indoor air causes that the dew point of
indoor air becomes higher than wall temperature. Then the
water vapor of indoor air condenses on the wall. The
condensed water on the wall is the best place for growing
mould and fungus inside the room. Therefore, the high
humidity of indoor air is critical factor to increase the risk of
SBS in hot and humid region.

Regarding   to   mentioned   issues,   assessment  of
conventional air condition system in this region was needed.
This  study contributes to performance assessments of an air
conditioner in hot and humid region. The performance
assessment is including the quantity of cooling load
distribution, cooling coil capacity and properties of air in
different parts of a Fan Coil Unit (FCU) which is conducted by
measurement in one seminar room. Although, studies and
publications on assessment of air conditioner systems are
based on different weather data, no study has considered
performance of FCU in one seminar room in Malaysia.

MATERIALS AND METHODS

Generally, in order to evaluate the performance of a FCU
in hot and humid region, several parameters such as
apportioning of cooling load, cooling coil capacity and the air
properties in different points of FCU are considered as
performance factors. To detect mentioned factors, the
methodology of this study is consist of four steps as shown in
Fig. 1.  In  the  first  step,  a  FCU   is   selected   as  conventional
cooling system. In the second step, the equipment are
installed to different parts of case study.

Fig. 1: Methodology of conventional FCU assessment
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Fig. 2: Seminar room as load of case study

Fig. 3: Schematic of solar desiccant cooling in ventilation mode

Temperature, humidity ratio and air flow rate are
considered to measurement. Regarding to measurement
results, the cooling load, cooling coil capacity of FCU and air
properties in different point of FCU are detected. In the third
step, a FCU standard is designed based on standard indoor
condition. In the last step, result of FCU standard and case
study FCU are compared.

Case study description: A FCU installed in a seminar room is
selected as case study for energy audit purpose. In other word,
the  case  study  is  including  a  FCU  system  which used as
air-condition system for a seminar room. In general, an AC
system can be reasonably evaluated when this system acts
under a load; this evaluation becomes possible because AC
systems are designed to remove sensible heat and latent heat
in a room to reach a comfortable condition.

Therefore, investigation of room conditions and cooling
load is the first step to determine the required capacity of an
AC system. The inner view of the seminar room as case study
is illustrated in Fig. 2.

Table 1: Specification of room
Dimension (cm)
-----------------------------

Subjects L W Th Type Material
Wall A 690 274 15 External wall Brick plaster
Wall B 646 274 15 Internal wall Brick plaster
Wall C 646 274 15 Internal wall Brick plaster
Wall D 690 274 15 External wall Brick plaster
Ceiling 690 646 35 - Brick
Floor 690 646 35 - Brick
Window 600 295 1 Single Glass
Doors 204 143 5 Swing door Wood
L: Length, W: Width and dTh: Thickness

In each zone, the total cooling load, which includes latent
and sensible loads, depends on heat gain of a particular
building. The heat gain of a building can be categorized as
external and internal heat gain, which are explained in the
following sections:

C External heat gain: This kind of heat gain is related
external factors such as infiltration, solar radiation,
conduction from wall, ceiling, roof and window

C Internal heat gain: This type of heat gain is related to
internal factors such as people, lighting, equipment,
which produced the heat inside the room

Latent and sensible loads are increased by people and by
infiltration. Solar radiation, wall and window conduction and
equipment increase sensible load.

The seminar room is located at the 5th floor of the one
building in University Kembangsaan Malaysia (UKM) and
covers an area of 24 m2. This room is used for seminars and
academic classes for a maximum of  30 people. Figure 3 shows
the schematic of the case study room (highlighted).

The room is surrounded by two external walls (A and D)
and two internal walls (B and C). Walls A, B, C and D are
oriented SE, NE, NW and SW, respectively. Wall A is located in
front  of  the  staircase,  windows   span  95%  of  the  area  of
wall D. The two entrance doors of the room are located on wall
B (corridor wall). Wall C is the common wall between the
studied room and the adjacent room. Orientation, type and
dimension of walls, windows and doors of the room
significantly affect the cooling load as heat gain, thus, the
details of these parameters are explained in Table 1.

The walls are 15 cm in thickness and composed of brick
and cement plaster materials. Existing appliances in the room
are also identified to calculate cooling load. A total of 14 lamps
(40 W) and one data projector (120 W) are also found in the
room. An FCU is a device equipped with a blower, a filter and
a cooling/heating coil. This device is used to supply air. The
FCUs are usually installed in rooms. In this  study, the studied
FCU is installed on the ceiling of the seminar room.
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CHWR

CHWS

Table 2: FCU specification model
Parameters  DCP 20
Type Ducted
Capacity (BTU hG1) 56,277
Water quantity (igpm) 9.25
Dimension (cm) 429×899×1475
Operation weight (kg) 103.2

The main energy-consuming components of a FCU are
the fan, the pump and the chiller. Specification of FCU is
shown in Table 2.

Case study measurement: To realize the quantity of cooling
load, cooling coil capacity and indoor thermal condition of
seminar room, temperature and humidity transmitter have
been installed in different parts of FCU and seminar room.
Temperature, humidity and flow rate of air in 5 points of FCU
were considered as measurement parameters. As shown in
Fig. 4 the 4 points are consist of supply air, return air, fresh air
(outdoor air) and mix air.

Six  diffusers  are  installed  on the ceiling to supply air
from the main duct to the inner part of the room. The air flow
rate of supply air is the sum of the air flow rates of the six
diffusers. Therefore, the air flow rates of six diffusers are
measured to measure the flow rate of supply air as shown in
Fig. 5.

A general view of temperature and humidity
measurement is shown in Fig. 6.

Calculation of FCU standard: The FCU that can achieve
standard indoor condition in the seminar room is called
“Standard  FCU.”  According  to   the   ASHRAE   standard  for
air-conditioning systems, the air properties and capacity of a
cooling system can be determined based on three parameters
of cooling load, indoor and outdoor conditions as shown in
the following:

C Indoor condition design: 25EC, 50% RH,
C Outdoor condition design: 30EC, 80% RH,
C The sensible load: 1.3 t, latent load: 1.36 t

To design of FCU standard, the supply air temperature
and humidity can be determine by Eq. 1 and 2:

Qsl = 1.26×m×(T2-T1) (1)

where,  Qsl  (kW)  is sensible load, m (m3 secG1) is air flow rate,
T1 (EC) is temperature of supply air and T2 (EC) is temperature
of return air (room air):

QU = 0.8232×m×(HR2-HR1) (2)

Fig. 4: Schematic of case study measurement points

Fig. 5: Air flow rate measurement

Fig. 6: Temperature and humidity measurement of supply air
in main duct of FCU
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where, Qll (kW) is latent load, m is air flow rat, HR1 (kg kgG1) is
humidity ratio of supply air and HR2 (kg kgG1) is humidity ratio
of return air (room air).

Compassion between case study FCU and FCU standard: To
evaluation of the case study, the measurement result should
be compare with FCU standard. Indoor thermal condition of
seminar room under two mentioned FCU can be compare.

RESULTS AND DISCUSSION

The results of this study can be categorized to three parts
of measurement result, calculation result and comparison
results which are explained in following sections. By result of
measurements, three factors of cooling load, cooling coil
capacity and indoor air properties have been analyzed in the
first three following sections. Result of FCU standard have
been found by calculation. The comparison between FCU
standard and case study FCU are presented.

Cooling  load  of  case  study:  In  general,  cooling load
calculation is the initial phase of the design for cooling
systems, which directly influences the thermal comfort
condition, energy efficiency and indoor air quality of buildings.
The size of cooling systems should be selected based on
cooling load amount. Otherwise, a small cooling system
cannot achieve thermal comfort conditions but a large cooling
system  can  cause  problems  such  as  over cooling and high
energy consumption. The cooling load includes two kinds of
sensible and latent heat that must be removed from a room
via  a  cooling  system.  Table  3  shows  the  load  calculation
details in the seminar room.

In  this  study,  the  apportioning  of  latent  and  sensible
loads   has   been   highlighted   through   the   calculation  and

measurement  results. The calculation of cooling load
indicates the effect of the amount of external and internal
heat gains on cooling load (sensible and latent), whereas the
measured cooling load reflects the distribution modality of
sensible and latent loads during that time. To evaluate
seminar room load, all load factors that affect cooling load are
considered.

To identify the extent of the effect of external and internal
load factors on each load type, the sensible and latent loads of
each factor are calculated separately. Total sensible load is
1.30 t and total latent load is 1.37 t. Infiltrations from the door
and the windows have maximum effect on the amount of
latent load, whereas solar gain from the windows has
maximum effect on the amount of sensible load. Total load-
cooling load is 2.677 t.

Figure 7 shows the cooling load measurement results in
the seminar room for one day of office time (8 am to 6 pm on
12th April, 2014). The general view of the cooling load
distribution versus time indicates that the latent load of the
room is greater than the sensible load. The results show that
the amounts of sensible and latent loads every 20 min are
between 4 and 5 kW.

Figure 8 shows an apportioning of cooling load in the
seminar room, which is the average of one month of
measurements (April, 2014). The percentage of sensible load
is 49% and that of latent load is 51%. Therefore, the SHR of the
seminar room is 0.49. The average amounts of sensible, latent
and total loads are 4.59, 4.77 and 9.36 kW, respectively.

Cooling coil capacity: The process of removing latent load is
dehumidification and that of removing sensible load is
sensible  cooling.  The  cooling  capacity  measures  the
capability of a cooling system to remove heat. Therefore, the
amount  of  sensible  and  latent heat removed in the cooling

Table 3: Detail of cooling load of seminar room
Subjects Details Sensible load (kW) Latent load (kW)
Building conduction load Walls Wall A: Orientation at SW, external wall, U-value: BTU ftG2 F, area: 17.7 m2 0.646 -

Wall B: Orientation at SE, R-value: 2 BTU ftG2 F, area: 12.82 m2 0.184 -
Wall C: Orientation at NE, R-value: 2 BTU ftG2 F, area: 17.7 m2 0.119 -
Wall D: Orientation at NW, R-value: 2 BTU ftG2 F, area: m2 0.234 -

Ceiling R-value: 3.2 BTU ftG2 F, the total area: 44.5 m2 0.241
Floor R-value: 3.2 BTU ftG2 F, the total area: 44.5 m2 0.239 -

Solar gain Windows Type: Clear single glass, orientation: NW area: 16.44 m2 0.996
Lighting Number of lights: 17, capacity of each light: 36 W 0.762 -
People 10 student 0.615 1.025

Service load Equipment Data projector: 1 U, capacity: 0.4 W 0.059
Infiltration Door type: Double swing door 0.344 2.135

No. of doors: 2, area: 29,172 cm2 0.150 1.683
Windows, Type: Clear single glass, orientation: NW area: 16.44 m2

Total load 4.589/1.30 4.843/1,377
Total load (sensible+latent) 9.432 kW = 2.677 t
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Sensible load
49%

Latent load
51%

Fig. 7: Cooling load profile of seminar room during one day

Fig. 8: Apportioning of cooling load of seminar room

Fig. 9: Distribution of cooling coil capacity during the one day

coil of FCU can be regarded as the sensible and latent
capacities of FCU, respectively. Figure 9 shows the sensible,
latent and total capacities of FCU for one day (8 am to 6 pm).
The  distribution  of   FCU   capacity   versus   time   indicates

that   latent   capacity   is   higher   than   sensible   capacity.
The   amounts   of   latent   and   sensible   capacities   are
between 4 and 5 kw, whereas total capacity is approximately
11 kW.
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Figure 10 shows the apportioning cooling coil capacity
demonstrates that 56% of the total capacity is used for
dehumidification, whereas, 44% of is used for sensible cooling.
In conclusion, 56% of the energy used in the cooling coil from
the chiller is for mechanical dehumidification. Therefore, 56%
of FCU capacity can be saved if chemical dehumidification is
used instead of mechanical dehumidification.

Air properties in different points of FCU: Based on the
boundary of the case study, the air properties of four FCU
points are measured during one day  of  FCU operation from
8 am to 6 pm. The four points include the seminar room,
mixed air (before the cooling coil), supplied air (after the
cooling coil) and fresh air (outdoor). Figure 11 shows the
temperature (EC) of these points versus time (h). The highest
temperature is related to the outdoor temperature of Malaysia.

The uptrend line is related to the increase in outdoor
temperature,  whereas  the  downtrend  lines indicate a
reduction  in  temperature  during  that time. Outdoor
temperature ranges from 20-38EC. The lowest temperature is
related to supplied air. The temperature of the supplied air
indicates  the  air  temperature  after  the  cooling  coil, which
ranges from 15-20EC. The temperature in the seminar room is
nearly constant at approximately 25EC.  Mixed air temperature
is higher than the temperature in the room because the latter
is mixed with outdoor air.

Figure 12 shows the humidity ratios of the different FCU
points.  The  behavior  of  the humidity ratio of these points is 
similar to the behavior of temperature. Hence, the humidity
ratio of outdoor air is the highest, whereas, that of supplied air
is the lowest. The humidity ratio in the room is more than that
of the supplied air and the humidity of mixed air is more than
that in the room.

Regarding the reduction of the humidity ratio of the air in
the cooling coil, the air after the cooling coil has the lowest
humidity ratio. The indoor thermal condition in the room is
evaluated by measuring the temperature, humidity and flow
rate of the air in specific points of the case study. The air
properties of outdoor, mixed, supplied and room (return) airs
are indicated by the numbers 1, 2, 3 and 4, respectively. Result
of measurement shows that the average air flow rate of
specific points from 1-4 are 240, 1200, 1200 and 960 CFM,
respectively. The temperature and humidity ratio of supplied
air (point 3) are 17.8EC and 92.9%, respectively, whereas those
of room air (point 4) are 24.3EC and 77.2% respectively.

According to the ASHRAE comfort condition, indoor
condition  designs  should  consist  of a temperature of 25EC,
a  relative  humidity  of  50%   and   a   humidity   ratio  of
0.0098 kg kgG1. Therefore, the seminar room cannot attain
thermal comfort under FCU because the relative humidity in
the room (77.2%) is higher than 50%. Figure 13 shows a
psychometric diagram of FCU, which demonstrates air
behavior in different FCU points and the room.

To increase IAQ in the aforementioned FCU, return air is
mixed  with   outdoor   air   in   point   2,   which   increases   the

Fig. 10: Apportioning of cooling coil capacity

Fig. 11: Temperatures of different points of case study during the working hours
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Fig. 12: Humidity ratio of different points of case study during the working hours

Fig. 13: Psychometric chart of FCU

temperature and humidity of air  before the cooling coil
(mixed air). The cooling coil produces supplied air by reducing
the temperature and humidity of mixed air.

Moreover, the sensible cooling and dehumidification
processes  in  the cooling coil (2-3) reduce the temperature
and  humidity   ratio   of   air  from  25.9-17.8EC and from
0.0163-0.0119 kg kgG1, respectively. Supplied air enters the
room to remove both sensible and latent heat from it (3-4).
The temperature and humidity of the room then reach up to
24.3EC and 77.2, respectively, which are not in the range of
thermal comfort conditions. The humidity of room air actually
depends on supplied air humidity and supplied air humidity
depends on the dehumidification process in the cooling coil.
Therefore, the main reason for high room humidity is related
to the low dehumidification capacity of the cooling coil, which
cannot produce a suitable amount of supplied air.

To achieve thermal comfort conditions, a suitable amount
of  supplied  air  should  have  a  temperature  of 18.3EC and a
humidity ratio of 0.007 kg kgG1. Two methods can produce a

suitable amount of supplied air, namely: (a) Increasing the
capacity of the mechanical dehumidification process in the
cooling coil and (b) Using a chemical dehumidification
process. For the first method, the dehumidification and
sensible cooling processes in the cooling coil cannot be
controlled separately.

To increase the dehumidification capacity, the capacity of
the cooling coil should be increased to augment sensible
cooling unexpectedly. Hence, reheating is required to reduce
sensible cooling. In the second method, a desiccant wheel can
be used, which can reduce humidity ratio.

Results of FCU standard: Results of the calculations for air
properties at different points of FCU standard have been
detected. To identify dehumidification and cooling processes
in FCU, the points are illustrated through a psychometric chart
in Fig. 14. The 4 points, namely, supplied, mixed, fresh and
room air are drawn in the psychrometric chart of FCU
standard. 
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Table 4: Air properties of case study FCU and standard FCU
Temperature (EC ) Relative Humidity (%)
--------------------------------------------------------- ---------------------------------------------------------

Situation of air Case study Standard Case study Standard
Room air 24.3 25.0 77.2 50.0
Mix air 25.9 26.0 77.1 56.9
Supply air 17.8 18.3 92.9 53.4
Outdoor air 29.3 29.3 76.9 76.9

Fig. 14: Psychometric chart of FCU standard

Fig. 15: Indoor condition under case study FCU and FCU
standard

Fresh  air  (point  1),  which  comprises  20%  of the total
airflow rate is mixed with 80% return air (point 2) at point 3.
Mixed air should then be cooled and dehumidified to obtain
the required condition of supplied air. Based on the results,
the   humidity   of   mixed   air   should   be   reduced  from
0.019-0.007 kg  kgG1  and  the   temperature   should  be
decreased from 26-18.3EC to achieve the designed indoor
condition.

No  cooling  coil  can  reduce humidity and sensible
cooling  from  points 3-5 because the mixed air point has a
high humidity. However, the 3-5 coil process is impossible
because this line does not intersect the saturation curve.
Therefore, the line of 3-4 is selected as the coil line process
that intersects the saturation curve. The 3-4 process can
reduce  the humidity of mixed air to reach a desirable
humidity of supplied air but temperature is suddenly reduced
to 10.3EC, which is more than the desirable temperature of
supplied air.

This phenomenon occurred in the cooling coil because
dehumidification and sensible cooling work together in this
component. This event indicates that air at point 5 has a
suitable humidity and an unsuitable temperature (very cold)
for supplied air. Meanwhile, air temperature is reduced to
more than the required temperature to achieve the desirable
humidity for supplied air through the cooling coil. Therefore,
air should be heated from 10.3-18.3EC by the reheating
process of 4-5 to reach the desirable temperature.

Comparison results of case study FCU and FCU standard:
Table 4  presents the comparison between the air properties
of the case study FCU and standard FCU. The results of
standard FCU show that with regard to the high latent load of
the room, reheating must be conducted after the cooling coil
process to achieve thermal comfort condition. In the case
study FCU, reheating is not conducted to reduce energy
consumption. Therefore, the thermal comfort condition of the
room is not achieved.

Figure  15  shows  seminar  room  condition  under
application  of  case  study  FCU  and  FCU  standard. The
Temperature and humidity of seminar room air under case
study FCU are 24.3EC and 77.2%, respectively. According to
the ASHRAE comfort condition, indoor condition designs
should consist of a temperature of 25EC, a relative humidity of
50% and a humidity ratio of 0.0098 kg kgG1. Therefore, the
seminar room cannot attain thermal comfort under FCU
because the relative humidity in the room (77.1%) is higher
than 50%. The results of standard FCU show that with regard
to the high latent load of the room, reheating must be
conducted after the cooling coil process to achieve thermal
comfort condition. In the case study FCU, reheating is not
conducted to reduce energy consumption. Therefore, the
thermal comfort condition of the room is not achieved.

The comparison between the energy consumption of the
case study FCU and standard FCU based on the ASHRAE
standard for one month of office hours is shown in Table 5.

The total energy consumption of standard FCU is higher
than that of the case study FCU. Consequently, the case study
FCU cannot achieve the thermal comfort condition but
standard FCU realize this condition.
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Table 5: Monthly energy consumption of case study FCU and standard FCU
Type of process Case study FCU (kWh) FCU standard (kWh)
Dehumidification 456.0 522.0
Sensible cooling 360.0 684.0
Reheat - 384.0
Fan 85.6 85.6
Total 901.6 1,675.6

CONCLUSION

This  study presents evaluation of conventional cooling
system in term of cooling load, cooling coil capacity and
indoor thermal condition in hot humid region of Malaysia. An
installed FCU in one seminar room have been measured as
case study. Results of measurements have been compared
with a standard FCU which was designed based on ASHRAE
standard. The FCU evaluation achievements are explained as
following:

C The measurement result demonstrates that the total
cooling load of the room is 9.36 kW, 51% of which is
related to latent load and 49% to sensible load. The latent
load of the seminar room is higher than its sensible load
in the hot and humid regions of Malaysia

C The measurement results demonstrate that the average
values of the dehumidification, sensible cooling and total
cooling capacities of the cooling coil of FCU are 7.28, 5.78,
and 13.06 kW, respectively. Therefore, 56% of the total
cooling coil capacity is related to the dehumidification
process and 46% is related to the sensible cooling
process. That is, the portion of dehumidification capacity
is higher than that of sensible cooling capacity in the
cooling coil of FCU

C The measurement result demonstrates that by using FCU
in the seminar room, the temperature and relative
humidity of the room reach 24.2EC and 77%, respectively.
Therefore, FCU cannot produce the suitable amount of
supplied air to achieve standard indoor condition in the
seminar room

C To achieve suitable indoor conditions, an FCU standard is
designed. The result demonstrates that the energy
consumption of the FCU standard is 123 kWh, whereas
that of the case study FCU is 90 kWh. To achieve standard
indoor thermal condition by using the conventional
cooling system, the capacity of the cooling coil should be
increased to 3 kW and reheating is required after passing

through  the  cooling  coil.   Therefore,   the  energy
consumption of the FCU standard is 1.4 times higher than
that of the installed FCU
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