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Abstract  

This paper investigates the cooling loads required to generate 

a comfort zone within a residential space in hot regions. 

Makkah, which represents one of the hottest areas in the 

Middle East, is considered for the current study. The study 

considers both latent heat gain due to heat sources within the 

residential space, and sensible heat gains due to heat sources 

outside the residential space. The cooling loads are 

determined using heat gain equations and climate data 

according to ASHRAE standards, 2017.  The results show that 

the highest cooling loads a percentage of total load due to 

light, the roof, and side walls, are 27%, 19% and 7% 

respectively occurred during May, June, July and August, 

respectively. Peak hours are namely from 7 am to 5 pm 
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INTRODUCTION  

Reducing the cooling loads is the main target of architects. 

Realizing the classical scheduling environs in which energy 

consumption and the performance of cooling system 

evaluation for buildings are conducted after an architectural 

design has been completed and structure is built [1]. Then 

Building Material Modeling (BIM) allows multi- precise data 

to be covered by a model, it created a prospect for 

sustainability processes investigation to be performed during 

the design phase [2, 3]. For conventional bungalow houses in 

countries with tropical weather, the annual operational energy 

consumption was calculated using Ecotect Analysis [4]. The 

alternative changes in material compositions of building 

components, windows, doors, walls, and roof, were examined 

to evaluate their impact on the building's annual operational 

energy consumption. Jan Široky´ et al. [5], reported that the 

energy consumption by using weather forecasts for the 

considered heating system was between 15% and 28 %, 

depending on numerous parameters, primarily the insulation 

level and the temperature is outside. In addition, the peak 

power request was minimized by 50% and the thermal 

relaxation in the building was reserved for a greater level. In 

hot humid climate, the outside air had to be trained to the 

favorite relaxation moisture and temperature before it could 

be delivered to indoor places. [6] Specifies 25o C as the 

summertime interior temperature, but in the concern of energy 

consumption in many constructions are considered to be 26oC. 

The same conclusions have been described for dry and hot 

weather, where the ‘‘point of thermal variation" showed the 

exchanging of favorable thermal isolation. Regulation the 

procedure of air conditioning is performance is achieved by 

using the control system. The control unit usually had analog 

and numerical inputs that permitted the size of the variable 

(humidity temperature, or pressure) and digital and analog 

outputs to regulate the transportation medium "hot to cold or 

water to steam" with this configurable the conception of 

building computerization [7,8]. Further mentoring and control 

of heating and ventilation air conditioning systems are 

implemented through building automation interface. Another 

part was provided by an international standard, which 

identifies the coding of a data model given in the EXPRESS 

modeling language [9, 10, 11]. Okan Bingol and Kubilay 

Tasdelen [12] constructed a share of a smart home system that 

assimilates with the operator was the web interface. Operators 

could contact all the rooms of the system of the smart home, 

the motion controller, temperature value in the home, gas, 

smoke and door controller units through the web interface. 

The economizer is utilized to enhance a second controller, 

which works in synchronization with the outside thermostat 

and measures the outside air humidity. Such a controller is 

called an enthalpy control. This saves about 20 to 30 % of 

total cooling energy consumption according to [13, 14]. An 

economizer is basically a group of dampers, sensors, 

actuators, and logic devices composed to decide how much 

outdoor air to bring into a building. All houses require 

ventilation to confiscate stale inside air and excessive 

moisture and to deliver oxygen to the inhabitants. The 

researchers recommend mechanical ventilation systems for all 

houses. The quantity of ventilation requisite depends on the 

number of inhabitants and their life. Demand-controlled 

ventilation is regularly used for renewed air ventilation. 

Ventilation controller in commercial or public buildings 

confirms satisfactory air quality while consuming the slightest 

energy [15,16]. In Demand-controlled ventilation policies, 

carbon dioxide application is regularly handled as a direct 

parameter for ventilation [17]. However, many investigations 

[17, 18] pointed out that the carbon dioxide-based Demand-

controlled ventilation controller approach cannot sufficiently 

reflect the ventilation request in a space in numerous states.  

The carbon dioxide concentration does not present evidence 

on the sufficiency of ventilation level [19, 20]. The latest 

standard proposes that the lowest requisite for the outside air 

ventilation rate should be specified by the occupation area, 

which accounts for area-related sources and people-related 

sources, as well as individual real residence [21]. The numeral 

of occupiers could be recognized using a steady-state 

technique or a dynamic technique [19, 21]. To develop the 

consistency of building abilities, the most significant matters 

demanding instantaneous care are to eliminate the reasons 

producing difficulties in all lifecycle' stages such as structure 
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forecasting, design, structure, maintenance and to estimate 

quantitatively the consistency model of reliability [23,24].  A 

model using a neural network algorithm was constructed to 

calculate the cooling loads resulted from the heat gain due to 

sensible and latent as reported by [25]. The objective of the 

present paper is to study the cooling loads' distributions for a 

building model   (up to 4 walls, each with a window and a 

roof), located at different Latitude and Longitude locations in 

KSA. The cooling loads are generated by solar gains, internal 

gains, outdoor air sensible heat, and outdoor air humidity 

loads.  

 

METHODOLOGY 

 Residential Cooling energy consumption calculation  

 As shown in figure (1), the sensible cooling load estimation is 

obtained from heat gain due to surrounding walls, and doors, 

in addition to surfaces through which the solar energy is 

leaked to the residential space. The space occupants play a 

tangible part of the cooling loads in addition to infiltration, 

ventilation. Total latent cooling load is the result of three 

sources outdoor air infiltration and ventilation as well as 

occupants, and other households’ utilities. The HVAC system 

design should be based on room-by-room considering 

conditioned airflow required to establish the proper design of 

the distribution system. 

 

Peak Load Computation 

The sensible and latent cooling loads, which are computed in 

this section, are the peak cooling loads due to the different 

heat sources described above. Equation 1 and 2 determine the 

cooling loads due to solar energy penetrating exterior 

transparent surfaces and partitions to unconditioned space. 

Ventilation/infiltration, occupant, and appliances and 

distribution cooling loads are determined by equations, 3, 4, 

and 5 respectively. 

 

 

Figure 1. Components of building a cooling load 

 
Equation 6 calculates the total sensible heat. Equations 7 and 

8 determine the latent cooling loads due to 

Ventilation/infiltration and Internal gain. The total latent 

cooling load is described by equation 9.  The power of the 

cooling unit is based on the peak cooling load for each space 

(zone) is required to be calculated. The cooling loads' 

estimation equations are based on Residential load Factor 

method (RLF) [26] as shown in table 1. The equations 

constants CF, U, Cs, and Cl are obtained for the present case 

study location from tables found in [26]. The location is at 

latitude 21.433, longitude 39.767 and elevation 787 [26].  The 

number of people occupants is 3. The radiative factors for 

people, light, and equipment are 0.7, 0.7, and 0.2.    

 

Table 1. The cooling loads' calculation equations [26] 

Cooling load type Cooling load sources     Equation No 

 

 

Sensible heat loads 

Exterior transparent surfaces q fen =A(CF) 1 

Partitions to unconditioned space q =AU∆t       2 

Ventilation/infiltration qs=CsQ∆t     3 

Occupants and appliances  qig,s=136-2.2Acf+22Noc           4 

Distribution qd=Fdl∑𝑞 5 

Total sensible load qs=qd+∑𝑞 6 

 

Latent Heat loads 

Internal gain qig,l=20+0.22Acf+12Noc         7 

Ventilation/infiltration qvi,l=ClQ∆𝑤           8 

Total Latent load ql= qvi,l +qig,l        9 
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RESULTS AND DISCUSSIONS 

Outdoor weather situations influence cooling loads. 

Historical outdoor design temperatures, daily range, and 

indoor air temperatures are the base for calculating the 

cooling loads. The statistical climate data are collected for 

the different locations in KSA. Outdoor and Indoor Design 

Temperatures are chosen according to ASHRAE Standard 

states. The comfort zones suitable to hot temperature season 

are assigned. The temperature variations between outdoor 

and indoor air will not account for solar heat radiation [26] 

reported the Climate Design Information for 4 peak months. 

Generally, for the hottest and the most humid months of the 

year at MAKKAH, Saudi Arabia,   the monthly mean 

temperatures are 94.4, 97.4, 97.1, and 97.2°F for May, June, 

July, and August, respectively. An overall, much-estimated 

rule of the scan was that the n% annual cooling design 

condition was approximately equal to the 5n% monthly 

cooling condition for the hottest months. The current 

assessments of cooling loads are suitable for computing wet-

bulb and daily dry temperature profiles. Figure (2) shows 

various solar fluxes of the total irradiation in MAKKAH for 

side wall and roof incidence fluxes. It illustrates that the 

solar fluxes increase from 0 Btu./hr.Sqft at 6 is up to their 

peak values of 150 and 325 Btu./hr. Sqft at 1 pm for side 

wall (S wall) and the roof respectively. The incidences of 

fluxes start to decay to 0 Btu./hr.Sqft at 7 pm.  

 

Figure 2. Solar Irradiation Distribution at (May, June, July, 

and August) (MAKKAH) 

Solar-air temperature (Tsol-air) is a variable used to calculate 

the cooling load of a building and define the total heat gain 

through external surfaces. Figure (3) demonstrates that the 

highest air temperature, side wall solar-air (s wall 

temperature) and roof sol-air are 90, 120, and 160 F at 1 pm.  

 

Figure 3. Air Temperature and solar-Air temperature 

Distribution (May, June, July, and August) (MAKKAH) 

Figure (4) shows the heat gained by conduction through the 

side walls and roof surfaces. It has been shown over the 24 

hours that the heat gained is 3000 Btu./hr. and 600 Btu./hr. 

through the roof and side wall respectively at about 5 pm 

Which represent the maximum energy consumptions 

required for cooling.  

 

Figure 4. Conduction Heat Gains (May, June, July, and 

August) (MAKKAH) 

 

Figure (5) shows the cooling loads due to the latent heat 

gain, (which includes the cooling load required for 

appliances load, people, and infiltration), sensible heat and 

their summation.  The cooling load due to light, side wall, 

and appliances represent the highest contributions to cooling 

loads around 27 % 19% and 19% of total load respectively 

from 8 am up to 5 pm.  During the night hours, the 

contribution of the light and roof cooling loads are the 

highest. This suggests that reducing the light cooling load 

will to minimizing the energy consumption. 

 

Figure 5. Cooling Load (May, June, July, and August) 

(MAKKAH) 

Figures (6) and (7) illustrate the total cooling loads during 

the July and August months for different cities which 

represent latitude and longitude inside KSA. The time 

intervals were reported in the summer months of July, and 

August, which are the peak months of cooling energy 

consumption over 24 hours. The figures show that the 

energy consumption reaches the peak from 1:00 pm to 5:00. 

It is observed the highest cooling loads in cities having hot 

climates and high humidity such as Jeddah and Dammam 

because these cities are close to the water surfaces. 
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Figure 6. 24-hour total cooling loads ((Btu/hr.) in July at 

different locations (KSA) 

 

 

Figure 7. 24-hour total cooling loads ((Btu/hr.) in August at 

different locations (KSA) 

CONCLUSIONS 

This investigation shows that the cooling load due to the 

electrical light is about 27% of the total cooling load during 

night hours.  During the day hours, the cooling load due to 

heat gain through the roof and the side walls is about 19 % 

and 7% respectively. This suggests that reducing light load 

and using heat insulating material for the roof and side walls 

will decrease the total cooling loads. 

 

 

NOMENCLATURE 

qfen Exterior transparent surfaces        cooling load, 

Btu/h 

A Net surface area, ft2 

CF Surface cooling factor, Btu/h·ft2 

U Construction U-factor, Btu/h·ft2·°F 

t Cooling design temperature difference,  °F 

Cl Air latent heat factor, 4840 Btu/h·cfm at sea level 

Cs Air sensible heat factor, 1.1 Btu/h·cfm·°F at sea 

level 

Ct Air total heat factor, 4.5 Btu/h·cfm·(Btu/lb) at sea 

level 

Noc Number of occupants 

q Heating or cooling load, Btu/h 

Q Air volumetric flow rate, cfm 

t Temperature, °F 

W Indoor-outdoor humidity ratio difference, lbw/lbda 

Fdl Distribution loss factor 

 

Greek Symbols  

Δ Increment of variable  

 

Subscripts  

avg average  

s sensible or solar  

cf conditioned floor  

oc occupant  

opq opaque  

ig internal gain  

dl distribution loss  

d diffuse, distribution  

l latent 

 

REFERENCES 

[1] Zhu, 2006, "Simulation of miscible liquid-liquid 

interactions" ACM symposium on virtual reality 

software and technology, Newport Beach, CA;.  

[2]  Schueter A, Thessling F., 2008, “Building 

information model based energy/exergy 

performance assessment in early design stages”. 

JAutom Constr. 

[3]  Krygiel E, Nies B., 2008, “Green BIM successful 

sustainable design with building information 

modeling.” Indianapolis (IN): Wiley Publishing;  

[4]  Haringey Council. Energy, save energy – together 

we can make a 

difference.<http://www.haringey.gov.uk/energyadv

ice.htm>[5]  Jan Široky´, Frauke Oldewurtel, 

Jirˇí Cigler and Samuel Prívara., 2011 

“Experimental analysis of model predictive control 

for an energy efficient building heating system” 

Applied Energy 88, pp.3079–3087. 

 [6]  Masoso OT, Grobler LJ. 2008. “A new and 

innovative look at anti-insulation behavior in 

building energy consumption.” Energy Build; 

40:pp.1889–1894,  



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 16 (2018) pp. 12458-12462 

© Research India Publications.  http://www.ripublication.com 

12462 

[7]  Role in DDC Systems in Building Commissioning, 

CxTPL Upgrade Project, DDC System Test 

Procedure, Aug. 30, 2001.  

[8] "CEDIA Find: Cool Automation Integrates Smart 

Air Conditioners with Third-Party Control 

Systems". CEPro. Retrieved 16 Jun 2015. 

[9]  Building Automation and Control Systems 
(BACS)—Part 2: Hardware, ISO Std., 2004, 16 

484-2.  

[10] ISO, ISO 10303–21:2002 Industrial automation 

systems and integration—Product data 

representation and exchange: Part 21. 

Implementation methods: Clear text encoding of 

the exchange structure. 

[11]  D. Schenk, P. Wilson, 1994, “Information 

Modeling: The EXPRESS Way”, Oxford 

University Press,  

[12]  Okan Bingol, Kubilay Tasdelen 2014, “Web-based 

Smart Home Automation:PLC-controlled 

Implementation” Acta Polytechnica Hungarica , 

Vol. 11, No. 3,pp. 51-63.  

[13]  Title 24 Nonresidential Compliance Manual, 2008. 

[14]  Arman Shehabi, Arpad Horvath, William Nazaroff, 
Srirupa Ganguly, Ashok Gadgil, Kim Traber and 

Hillary Price., 2008, “Energy Implications of 

Economizer Use in California Data Centers” 

ACEEE Summer Study on Energy Efficiency in 

Buildings pp.319-330.  

[15]  T. Kusuda, 1976, “Control of ventilation to 

conserve energy while maintaining acceptable 

indoor air quality”, ASHRAE  Trans. 82 (1) 

pp.1169–1181. 

 [16]  D. Elovitz, 1995, “Minimum outside air control 

methods for VAV systems”, ASHRAE Trans. 101 

(2) 613–618. 

[17]  ASHRAE. ASHRAE Standard 62-1989R, 1996, 

“Ventilationfor Acceptable Indoor Quality” (Public 

Review Draft), Atlanta. 

[18] A. Persily, 1993, “Ventilation, carbon dioxide and 

ASHRAE Standard 62- 1989”, ASHRAE J. 35 (7) 

pp.40–44. 

[19]  ASHRAE. ASHRAE Standard 62-1999. 

“Ventilation for Acceptable Indoor Quality”, 

Atlanta,  

[20]  ASHRAE. ASHRAE Standard 62-2001. 

“Ventilation for Acceptable Indoor Quality’, 

Atlanta. 

[21]  ASHRAE. ASHRAE Standard 62.1-2004. 

“Ventilation for Acceptable Indoor Quality”, 

Atlanta. 

[22]  S.W. Wang, J. Burnett, H. Chong, 1999, 

“Experimental validation of CO2-based occupancy 

detection for demand-controlled ventilation”, 

Indoor Built Environ. 8 (6) pp. 377–391. 

 [23]  Makabe Hajime, et al., 1989, “Statistical analysis 

of reliability model.” Kyoritsu Shuppan Co., Ltd.,  

[24]  Ro-Yeul Kwaka, Akira Takakusagib, Jang-Yeul 

Sohna, Shuji Fujiic and Byung-Yoon Parkd, 2004, 

“Development of an optimal preventive 

maintenance model based on the reliability 

assessment for air-conditioning facilities in o'ce 

buildings” Building and Environment 39 pp.1141 – 

1156.  

[25] Amal El Berry and Haya Alaskr ,2018,“Using 

Artificial Neural Network Technique to Save 

Energy Consumption in HVAC Systems” 

International Journal of Applied Engineering 

Research Volume 13, Number 12 pp. 10517-10524.  

[26]  ASHRAE handbook fundamentals, 2017. 

http://xinca.com/?p=386
http://www.cepro.com/article/cedia_find_cool_automation_integrates_smart_air_conditioners_with_third_par/
http://www.cepro.com/article/cedia_find_cool_automation_integrates_smart_air_conditioners_with_third_par/
http://www.cepro.com/article/cedia_find_cool_automation_integrates_smart_air_conditioners_with_third_par/

