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Simplified Procedure For Estimating AirConditioning Cooling Load In Ghana
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Abstract: Undersized or oversized air conditioning equipment leads to high operational cost, frequent breakdown and accelerated wear of equipment.
Wrong sizing of equipment is often the result of inaccurate procedures employed to estimate the cooling load of the air conditioned space. Today,
computer programs are available on the market for more accurate estimation of cooling load. All the same, what appears to be the established practice
among service providers in the air conditioning industry in Ghana is to size air conditioners for all applications by multiplying the net floor area by cooling
load factor to estimate space cooling load. Availability of cooling load factors that take into account the space operating conditions will be a more
accurate and user-friendly tool for such service providers. The Transfer Function Method (TFM), a well-known cooling or heating load estimation
procedure that has been adopted by ASHRAE, was used in this research to predict the hourly and daily average cooling load due to different types of
walls, roofs and fenestration that are typically found in building construction in Ghana. This has been used to develop cooling load factors that simplify
load estimation with a worksheet. The outputs of the worksheet were compared with the result of cooling load estimated using a computer program and
the results were found to be satisfactory. The present work will help minimize the problems of higher initial investment and larger energy consumption by
auxiliaries, due to over-sizing A/C equipment and the general discomfort during the peak hot season in Ghana, due to under-sizing of A/C equipment.
Key Terms: Cooling load,worksheet, load factors, design condition.
————————————————————

1 INTRODUCTION
Ghana has been experiencing a steady growth in electric
power demand as a result of increasing economic activity
and improvement in the standard of living such as the use
of air conditioners (A/C) in both commercial and residential
buildings. As a result, demand for electricity today far
outstrips supply resulting in unstable and poor quality
supply and load shedding. To meet this increasing demand
for electricity and improve supply quality requires two
approaches,
namely,
generate
more
power
and/oreconomize the use of available power by avoiding
wastage [1].From surveys carried out by the Energy
Foundation in Ghana, among others, air conditioners
represent over 60% of the power usage in air conditioned
buildings. Thus, energy-efficient air-conditioner usage in
buildings will contribute immensely to reduce energy
misuse in buildings and thereby reduce the strain on the
national electricity grid. Selection of energy-efficient air
conditioner depends on two factors, namely, energyefficiency of the equipment and correct size or cooling
capacity of the equipment for any particular application. On
the issue of efficiency of A/C equipment, energy labeling
has been introduced in the country which requires
manufacturers to affix energy labels on air conditioners and
other similar energy-consuming appliances coming onto
Ghanaian market to enable buyers to make informed
choice.
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Thus, selecting an efficient brand of air conditioner is no
more a problem of lack of knowledge other than what level
of energy rating the purchaser is prepared to pay for.
Selection of the appropriate size or capacity is where the
problem is because it is not backed by accurate estimation
of the space cooling load [2]. A rule of thumb approach that
many service providers apply in Ghana is to determine the
space cooling load by multiplying the floor area by a cooling
factor of 600 Btuh/m2 which takes no account of the effect
of important load influences such as wall glazing and its
orientation, sun exposure, internal heat generating devices
and the usage pattern of the space. When selection is not
based on reasonable estimate of the space cooling load,
what is more likely to occur is over-sizing or under-sizing of
the air conditioner which in either case results in increased
power consumption and accelerated equipment wear
[3].For accurate estimation of cooling load which is the first
requirement for correct sizing of cooling equipment,
computer-based programs are available on the market
today. One major problem with computer-based programs
is the cost which the average A/C service provider
considers to be prohibitive. In Ghana, consultations carried
out show that only a few A/C companies that are local
agents or branches of multinational A/C companies have
load estimation software supplied by their mother
companies. Computer-based softwares give correct
estimation of the cooling load of a building. They are,
however, not practical tools because they require more time
for data input and the knowledge of computer skill by the
user [4]. For this reason, user-friendly load estimating tools
have been developed by the air-conditioning industry in
several countries to aid their local technician and general
service providers to carry out quick load estimation and
equipment selection to reasonable accuracy.One example
of this is the worksheet developed by Trane, a major A/C
equipment manufacturer in the United State of America
[5]and is attached in the appendix A. This worksheet is a
user-friendly practical load estimating tool that service
providers find very handy and efficient for day to day
activities. Unfortunately, this worksheet and accompanying
load factors are based on American conditions where
materials of wall construction and solar heat loads are
different from what pertains in Ghana, thereby rendering its
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Table 1.Coefficients of room transfer functions

application for our local conditions inaccurate.In this work,
our aim is to develop a simplified air-conditioning load
estimation worksheet and accompanying load factors for
use by air conditioning service providers in the practical
estimation of air conditioning cooling load inGhana.

2 MATERIALS AND METHODS
Calculating the load of a building’s envelope is complicated
by the effect of heat storage in the mass of the building due
to its thermal inertia to heat response. Thus, sizing heating,
ventilation and air conditioning (HVAC) equipment for space
conditioning should start with a review of the theory of air
conditioning load estimation in buildings, analysis of sample
computer-based program for estimation of air conditioning
load and analysis of heat transfer in typical sample(s) of
building construction in Ghana. In this research, the
Transfer Function Method (TFM) is employed to account for
the transient storage effects and limits of static analysis of
the enclosure components. This approach was developed
by [6]. The conductive transferacross the wall surfaces or
roof isdefined in the form of the equation [7]:
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where A is the area of roof or wall (m2), ∆t is the time step
( = 1 h), Tsol,t is the sol-air temperature of outside surface at
time t, bn, cn, dn are coefficients of conductive transfer
function of the wall or roof attachedin appendix B and
𝑄𝑐𝑜𝑛𝑑 ,𝑡 is the conductive heat gain at time t.The heat
available (released into the room after storage in the
material) for the equipment to extract at time, t, is
dependent on the time-delay characteristics, vn and
wnshown in Table 1.Therefore, 𝑄𝑐,𝑡 , the cooling load (heat
available for the equipment to extract at time, t) is given by;
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Source: [9]
Sample spaces of two halls in the terminal building of
theKotoka International Airport in Ghana were used for
validation of the accuracy of the cooling load factors. The
Kotoka International Airport (KIA) underwent a major
rehabilitation that was completed in 2004 to improve
general infrastructure and increase passenger handling
capacity. As part of the rehabilitation, the Check-in hall and
the Meeters& Greeters hall of the Terminal building at the
airport were restructured and new air conditioning units
provided.The cooling load of the two halls calculated by the
project Consultants using Carrier load estimation software,
HAP v3.07, was compared with that obtained from the
developed worksheet. The loads estimated were also
compared with the capacity of air conditioning units
installed and successfully operating at the various halls.
The design data of the air conditioning system in the two
spaces are tabulated in Table 2.

(2)

Table 2. Air Conditioning Design Data of the Sample
Spaces

where the subscript in 𝑄𝑐,1 represent the heat available per
unit area at time, tloc, civ. = 1: 00 AM (local civil time on
longitude 0o) that is to be extracted by the HVAC
equipment.
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2.1 Air Requirement Air
2.1.1 Air Change Rate (ACH) for Check-in Hall
With a space volume of 8,313m3, the 6 l/s fresh air per
person for 800 persons corresponds to 17,200m3 per hour
which is equivalent to 2.08 ACH. Thus actual ACH used in
the estimation is 2.33. Fig. 1 is the schematic diagram of
the check-in hall. The South and West facing walls of the
Check-in hall border air conditioned areas and half of the
space above (first floor) is air conditioned.

Fig. 2. Meeters& Greeters Hall, Kotoka Int. Airport, Accra.

3 RESULTS AND DISCUSSIONS
The main aim of the worksheet is to account for all the
thermal loads without a safety factor. To achieve that, all
the components of the heat load must be estimated to
reasonable accuracy. If the estimation is more accurate, the
need for unusually large safety factor becomes
unnecessary. The developed worksheet isshown in
appendix C. It is a simplified tool which accounts for all the
load components in estimating the space cooling load.
Fig. 1. Check-In Hall, Kotoka Int. Airport, Accra.
2.1.2 Air Change Rate (ACH) for Meeters& Greeters Hall
With a space volume of 4394 m3, the 6 l/s fresh air per
person for 445 persons corresponds to 9,6123m3 per hour
which is equivalent to 2.19 ACH. Thus actual ACH used in
the estimation is 2.44. In addition, because it is a transition
space with high door opening rate, the space temperature
is maintained at 26 °C. This is reckoned by reducing the
rate due to ventilation and air change while the other factors
calculated based on 24°C are maintained at their value in
the verification. Fig. 2 is the schematic diagram of the
Meeters& Greeters hall. The South wall of the Meeters&
Greeters hall border shows air conditioned areas and two
thirds of the space above (first floor) is air conditioned.

3.1 Load Estimation Factors
The summary of the load estimation factors for the various
components of the loads are produced from the Transfer
Function Method and all cooling loads are given in W/m2
except for occupancy. In the case where usage is used, it
means time schedules. The cooling loadfactors are
provided inappendix D.
3.2 Comparison of Results
Due to the limitation of space,the worksheet result for
Check-in Hall is shown in Table 3. A summary of results
showing the comparison of the two estimating tools: Carrier
Load Estimation software by consultant and UBAs AirConditioning Load Estimation worksheet is in Table 4.
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From table 4 the cooling load estimated by the worksheet is
576 kW and the estimated load from the consultant
software is 541 kW. However the installed air-conditioning
capacity is 564 kW. This result gave positive deviation of
2.1% and negative deviation of 3.7% by the worksheet and
the consultant software respectively from the installed
capacity. The deviation of the worksheet result from the
consultant software is 6.5% for the Check-in Hall. The
deviation of the worksheet result from the consultant
software is 4.3% for the Meeters and Greeters Hall. These
results show that the worksheet can be used for initial
cooling load estimation within reasonable accuracy. Also, in
both cases, the results deviated from the capacity of the air
conditioner installed were less than 4%. The use of the
worksheet provides reasonable factor of safety.

4 CONCLUSION
Calculating the cooling load in the design of air-conditioning
system for buildings is a tough job and carries high risk
because of reliance on many tables and formulas. Using
computer for this calculation reduces design time and
minimizes the risk of mistakes. However, use of the
computer is not a handy and fast estimate for field work.
The use of simplified estimation sheet from other developed
countries also provides erroneous cooling load estimate.
The new cooling load estimation sheet with accompanying
tables provides a convenient alternative for easy and fast
estimation within Ghanaian conditions. The worksheet is
handy and requires no special skills for its usage. The
cooling load factors provided with the worksheet are based
on the transfer function method and account for various
principal spaces cooling load. The results from the sheet
compare well with that from commercial load estimation
software. In order to enhance and expand the load
estimation factors, future work will involve looking into five
and six inches thick walls although these are reasonably
approximated by the 4 inches thick wall. Since the
meteorological data used for developing the load factors is
for the southern part of Ghana, further work will be
necessary to test the simplified load estimation factors for
air conditioning application in the northern part of the
country where the weather is generally dry and hot

ACKNOWLEDGEMENT
The authors will like to acknowledge the contribution ofDr.
K. Owusu-Achaw, the supervisor of the research and also
Mr. PadmoreOwusuAsare, a service engineer, who was
part of the team that carried out the KIA rehabilitation
works.
Table 4.Comparison of estimated loads from the two
estimating tools

REFERENCES
[1]. C. Koranteng and E. G. Abaitey, ―The effect of form
and orientation on energy performance of
residential buildings in Ghana,‖ Journal of science
and technology, vol. 30, no. 1, pp. 71-81.2010.
[2]. B. Kareem, ―Load Estimation for Air-conditioning
using Computer Software Approach,‖ International
Journal of the Computer, vol. 16, pp. 35-43, 2002.
[3]. C. M. Sam and K. P. Cheung, ―Application of
Building Energy Simulation to air-Conditioning
Design,‖In Proc. Of the Mainland-Hong Kong
41
IJSTR©2013
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 2, ISSUE 9, SEPTEMBER 2013

ISSN 2277-8616

HVAC Seminar, 12-20,1998.
[4]. F. A.Ansari, K. A. Mokhtar and N. M. Adam, ―A
simple Approach for building Cooling Load
Estimation,‖American Journal of Environmental
Sciences, vol. 3, pp. 209-212, 2005.
[5]. W.C. Whitman and W.M. Johnson, Refrigeration
and Air Conditioning Technology, Delmar
Publishers, Washington, 1995.
[6]. ASHRAE Handbook of Fundamentals,American
Society of Heating, Refrigerating and AirConditioning Engineers, Atlanta, 1981.
[7]. J. F. Kreider and A. Rabl,Heating and Cooling of
Buildings, McGraw-Hill, New-York, 1994.
[8]. ASHRAE Handbook of Fundamentals, American
Society of Heating, Refrigerating and AirConditioning Engineers, Atlanta, 1977.
[9]. ASHRAE Handbook of Fundamentals,American
Society of Heating, Refrigerating and AirConditioning Engineers, Atlanta.1989.
[10]. ASHRAE Handbook of Fundamentals,American
Society of Heating, Refrigerating and AirConditioning Engineers, Atlanta, 1972.

42
IJSTR©2013
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 2, ISSUE 9, SEPTEMBER 2013

ISSN 2277-8616

APPENDIX A: Worksheet prepared by TRANE

Source: [5]
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Appendix B: Some Transfer Function Coefficient for External Wall

Source: [9]
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Appendix C: UBAs A/C Load Estimation Worksheet

* Wall here applies to the vertical walls, floor and ceiling and the net wall area is the wall area excluding area of glazing
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APPENDIX D: TABLES
Table A. Cooling load factors for Walls, Floor and Roofs,
W/m2

Table B. Cooling load factors for Occupants, W/person
(based on 24 °C indoor dry bulb temperature)

Table C1.Cooling load factors for equipment

Table C2. Cooling load factors for lamps

Table D. Air Change per Hour (ACH)

Example: Light – office, Medium – conference room, High
– waiting room, bank, etc.
Table E. Cooling load factors for clear glass, W/m2

46
IJSTR©2013
www.ijstr.org

