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In Jordanian building sector, a high percentage of cooling and heating energy is consumed. 

However, the occupants  ́satisfaction regarding indoor thermal comfort is low as mentioned 

in previous studies. This study investigated the indoor thermal comfort and energy 

consumption at three zones in the office block before and after implementing corrective 

actions (CA) for enhancing thermal comfort level. Therefore, it is assumed that 

implementing CA will increase employees’ satisfaction without increasing energy 

consumption, Subsequently, that improve their health, performance, and productivity. A 

mixed approach is used to collect data by using experimental investigations and interviews. 

The employees’ satisfaction was evaluated in two phases: before and after the 

implementation of CA. The study showed that employees’ satisfaction increased, while the 

indoor ambient temperature (IAT) decreased to become closer to thermal comfort level 

without increasing the energy consumption ratio. Furthermore, changing functions during 

the construction phase represents a major challenge that affecting occupants' thermal 

comfort negatively. Finally, using isolated aluminum window frame or PVC windows 

instead of using traditional aluminum window frame is recommended as the results 

showed. 
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1. INTRODUCTION

Globally, about 42% of energy is consumed within the 

building sector which is divided into 35% electricity and 65% 

non- electricity. Buildings’ energy consumption is about 30% 

of total energy consumption [1, 2]. Therefore, there is a need 

to estimate indoor temperatures, heating and cooling loads and 

energy requirements for buildings, due to the indoor 

environment has great influence on general well-being, health 

and performance of occupants [3, 4], so comfortable indoor 

environmental conditions increase occupants’ efficiency such 

as employees in public offices [5].  

In Jordan the situation is not different with respect to its 

energy situation; where it has two challenges: the increasing 

demand  of energy on one hand and resources scarcity to fulfil 

this demand on the other hand [6]. However, the buildings 

sector in Jordan (such as office blocks) grows and accounting 

for 46% of electricity use and 21.5% of Jordan’s total share of 

energy consumption [7]. In spite of that, the occupants at the 

buildings especially the office blocks are unsatisfied with the 

indoor thermal comfort at their workplace [8].  

The employees worldwide realized that comfortable indoor 

environmental conditions directly impact their work 

performance as well as their productivity [5]. Nowadays, 

employees all over the world spend most of their daily time 

inside office blocks, thus that have great influence on their 

general well-being, health and performance [5, 9]. 

Employees’ satisfaction of indoor thermal comfort is 

different among individuals even within the same 

environment, this challenge initiate argument among 

researchers on how to measure thermal comfort during the 

operation phase [10-12]. Satisfactory and comfortable indoor 

conditions are essential if the health, performance, and 

productivity of employees in office blokes are aimed to be 

improved [13, 14]. 

Nowadays, designers use ASHRAE standards as a design 

guide to maintain an adequate level of thermal indoor comfort 

inside buildings. Where, indoor occupied spaces are 

determined by one of the assessment approaches identified 

under design requirements, which is why research literature 

significant work on thermal comfort and air quality during the 

building design process [15, 16]. Yet, much less work when it 

comes to employees’ satisfaction during the operation phase 

[17, 18]. This study focuses on how to increase the employees’ 
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satisfaction without increasing the energy consumption rates 

at the presidency building of Jordan University of Science and 

Technology, Jordan.   

 

 

2. LITERATURE REVIEW  

 

The American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) defines thermal comfort 

as ‘‘the condition of mind which expresses satisfaction with 

the thermal environment” [19]. Referring to Djongyang et al. 

[20], "the thermal comfort occurs when body temperatures are 

held within narrow ranges, skin moisture is low, and the 

physiological effort of regulation is minimized”. Many 

circumstances relate to user’s place and the reason behind 

being at that place, as well as the seasons should be taken into 

consideration [21]. 

The thermal comfort is affected by three aspects personally, 

environmentally and psychologically. These aspects include 

six factors which are personal factors seen as age, gender, type 

of clothes, nature and status. Environmental factors are air 

speed, air temperature, humidity, and radiant temperature [22]. 

While, psychological aspect involves behavior of users due to 

the nature of windows and doors and use artificial lightening. 

The importance of these factors is achieving the optimum level 

of thermal comfort indoor buildings [23-25]. 

The fact that comfortable indoor thermal quality (ITQ) has 

a strong contribution towards increasing employees’ 

efficiency has been widely accepted among researchers [26, 

27]. Employees spend the majority of time inside buildings 

which has a great influence on their general productivity, 

health and performance [5, 9, 28]. ASHRAE and the 

International Organization for Standardization (IOS 7730) are 

among the top contributors to thermal comfort research, their 

standards were used as a base for a wide range of indoor 

thermal comfort measurement tools.  Many researchers have 

adopted these tools to achieve a high level of thermal comfort 

of building users, buildings can be considered as thermally 

comfortable if users were asked about the thermal state; they 

won’t prefer any thermal changes.  

This study was designed to investigate ITQ in a public 

office block during the operation phase, Jordan. The sample 

was narrowed down to include employees at Jordan University 

of Science and Technology (JUST). Offices were studied to 

determine the level of comfort that employees experienced 

during working hours. After interviewing employees, 

nonconformity was detected in offices within three buildings 

at the university. Accordingly, CA were proposed, evaluated 

and implemented to enhance the employees’ satisfaction 

without energy consumption increase. 

 

 

3. METHODOLOGY 

 

This study investigates indoor thermal comfort and energy 

consumption at three zones in the office block before and after 

implementing CA. To collect data, two different approaches 

were adopted, which are qualitative and quantitative. 

Qualitative method is structured interviews, in meanwhile, 

quantitative methods are physical measurements and 

simulation. The mixed approach was used for understanding 

employees’ satisfaction through the structured interview as 

well as measuring IAT and energy consumption through 

physical measurement and simulation The duration of this 

study was five months during working days (8 am- 4 pm) at 

three buildings: Human Resources (HR), Financial Affairs 

Unit (FAU) and Council Affairs Unit (CAU)) of JUST, AR 

Ramtha, Jordan. 

This study is divided into three phases before and after 

implementing CA (see Figure 1). The first phase was 

interviewing both the employee as well as the experts who are 

maintaining heating, ventilation, and air conditioning (HVAC) 

system. However, the experts just are interviewed once before 

implementing CA to find out the problem. The second phase, 

focused on the physical measurements of IAT, where the 

windows farm temperature and the heat flow through the 

windows frames are measured. Finally, the third phase, is 

simulation to measure the HVAC system’s cooling energy 

consumption rates of the studied offices using Carrier's Hourly 

Analysis Program (HAP). The implementation of the proposed 

CA is applied after collecting data through the three phases at 

the first part. Afterward, the three phases are conducted again 

to figure out the differences after implementing the proposed 

CA.  

 

 
 

Figure 1. Work breakdown structure: testing process relating 

to corrective actions 

 

3.1 Case study 

 

3.1.1 Selection criteria  

Jordan has a hot dry climate, Mediterranean in the north and 
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west, to the desert in the east and south, but the land is 

generally arid with hot long summers, cool short winters. The 

monthly temperature ranges from 13 to 32℃ throughout the 

year. 

The energy bill in Jordan represents 20% of the country’s 

gross domestic product (GDP), and over 40% of electrical 

power is consumed within the building sector, whereas it’s 

35% Worldwide which is a high ratio because Jordan is one of 

the third world countries with low resources and low income. 

Currently, the Royal Scientific Society in Jordan starts to face 

the energy challenges by promoting energy efficiency 

standards through a set of codes for energy efficiency and 

discussing local infrastructure including air conditioning [29].  

During the design and operation phases of building life 

cycle, there is a need to estimate indoor temperatures, heating 

and cooling loads, and energy requirements for buildings. 

Previous studies were limited to the design phase of project. 

Therefore, there is a need to highlight general thermal comfort 

and users’ satisfaction during the operation phase. This can be 

achieved through more field studies and determination of 

variables within the tested buildings. In the case of JUST 

campus employees have expressed discomfort as soon as the 

presidency building started operating. The building is 

designed to gather offices of Presidency, HR, FAU and CAU, 

which gathered around 130 employees working at offices in 

comparison with other buildings on campus. While, the 

university employs 1282 administrative and technical staff 

[30]. The new office buildings include more than 10% of the 

administrative staff within the campus. Hence, these buildings 

were selected to determine the factors affecting the largest 

possible sample of employees within a contained environment 

that is relatively affected by the same conditions. The majority 

of the building’s employees felt that there was corruption in 

the operation of HVAC system due to the high electricity bill 

even though indoor thermal comfort could not be achieved. 

 

3.1.2 Location  

Ar-Ramtha city is in the far north of Jordan within Irbid 

Governorate. The city follows a Mediterranean climate with 

hot summers with daytime temperatures up to 36.1℃ and cold 

winters with nighttime temperatures below 0℃. JUST was 

established in 1986 and is geographically located in Ar-

Ramtha with an area of approximately 11 km2 [30]. The office 

buildings were designed in late 2001 and added to the campus 

after the expansion plan in 2017. Figure 2 shows the studied 

buildings. 

 

 
 

Figure 2. Case study location; maps are reproduced from 

Bing maps (2022) 

Generally, the campus is affected by the area’s temperature, 

however, in terms of microclimate the presidency building is 

surrounded by deserted lands gaining more exposure to direct 

sunlight in hot seasons, and less impact by the green areas 

within campus due to distance after relocation. Sun path 

diagram of the studied buildings is presented in Figure 3. 

 

 
 

Figure 3. Sun path diagram; produced using sun path 

generator 

 

3.1.3 Form and function 

The building was designed in 2001 and built in 2017 with a 

design that consists of three semi-square-shaped masses. Each 

mass has a rectangular-shaped courtyard. However, the masses 

are unparalleled two corridors created to connect the 

courtyards with the outside, whereas the third is located in the 

central mass and fully enclosed. The four facades of the 

building are built of stone; the openings are double-glazed 

with aluminum frames, as shown in Figure 4. 

 

 
 

Figure 4. New presidency building of JUST 

 

The building consists of two floors with an area of 4500 m2 

[30]. Ground floor represents the center mass has the main 

entrance and the reception courtyard with offices surrounding 

it. The north mass has fully closed offices connected with one 

contentious centered corridor. While, the south mass has one 

large meeting room and the department of finance (open plan 

offices), as presented in Figure 5. 

The first floor includes the three masses having the same 

plan layout, and fully closed offices connected with one 

contentious centered corridor as shown in Figure 6. The 

conditioned air that was supplied to the rooms through 

installed ducts connected to ceiling-mounted diffusers was 

provided by air handling units located in the ceiling. In each 

office, a single touch pad mounted on the wall to set the 

temperature manually. 

Due to employees’ recommendations based on detected 
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discomfort, three offices were repeatedly mentioned in the 

building. First, the FAU on the ground floor with an open plan 

layout; the offices are separated by partitions and the windows 

have south, and east orientations (20*11=220 m2). The second 

office is office no. 3 at the HR department with an area of 10 

m2 on the ground floor. Finally, offices no. 3 and 4 with an 

area of 112 m2 on the first floor. Both offices (3 and 4) were 

suggested by the building manager because they recorded high 

temperatures although the central air conditioner is on with a 

24℃ set point.  

 

 
 

Figure 5. The office building layout showing the ground 

floor of the studied area 

 

 
 

Figure 6. The office building layout presenting the first floor 

of the studied area 

 

The area of the studied offices is 342 m2 with 30 employees, 

the temperature of the internal set point was directly managed 

from each office by a single wall installed touch pad. The 

building has HVAC system. A central air handling unit with a 

cooling capacity of 12 kW per floor was used to cool the 

offices. The studied offices are air-conditioned (AC) offices. 

 

3.2 Structured interviews 

 

The structured interviews were conducted with two 

categories: employees and experts. Employees were 

interviewed before and after implementing CA to understand 

their thermal satisfaction. Whilst, experts were interviewed 

one time before implementing CA to help in figuring out the 

problem. 

Responses from AC spaces in the presidency building of 

JUST, the interviews were conducted with thirty employees to 

investigate the level of satisfaction in two phases. The first 

phase was before implementing CA, while, the second phase 

of interviews was conducted for validation after implementing 

CA. In meantime, experts are from academia, research team. 

Also, experts from industry were consulted.  

 

3.3 Physical measurements 

 

Measurements were conducted between the 1st of June 2022 

and the 30th of October 2022 (five months). This method was 

used to measure the ITQ which is highly dependent on the 

IAT. The measurements were done in different positions at 

different times related to the usage of the instruments within 

the studied zones which are:  

3- Extech RHT20 Humidity and Temperature Datalogger, 

used to record the temperatures of window frame that 

indicates the heat flow through the frames. The 

datalogger was set up to automatically measure the IAT 

of targeted zones Sunday to Thursday every 45 

minutes. 

2- Extech AN100: CFM/CMM Mini Thermo-Anemometer, 

used to record the IAT near glazed facade in different 

orientations every working day at specific times, three times a 

day (8:00 am, 11:30 am, and 2:00 pm). The temperatures were 

measured and recorded depending on the sun path orientation. 

3- Fluke TIS10 9HZ: Thermal Infrared Camera, used to 

record the windows frame temperature Sunday to Thursday 

every two hours.  

 

3.4 Simulation  

 

This method was conducted to measure the HVAC system’s 

cooling energy consumption rates of the studied offices using 

Carrier's Hourly Analysis Program (HAP), because of its 

analysis capabilities for comparing the energy consumption of 

design and materials alternatives. Input data and results from 

design system calculations can be used directly in energy 

modelling studies. HAP performs the following tasks: 

•Simulates the operation of all building heating and AC 

systems. 

•Simulates the hours of operation in the building of all 

production equipment. 

•Simulation of non-adaptive hourly operation including 

light. 

•Simulation using HAP was conducted before and after the 

implementation of the CA, and then, compared to each other. 

 

 

4. CORRECTIVE ACTIONS 

 

The CA measurements are required after nonconformity. 

Those measurements should be proposed, evaluated, and 

implemented [31, 32]. The significant conditions negatively 

affecting the thermal comfort of employees were defined and 
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the actual causes related to them. Increasing employees’ 

satisfaction of the thermal comfort level is possible through 

removing the actual causes associated with these conditions. 

Accordingly, eleven CA were proposed, developed and 

defined to reduce or remove these conditions, where just eight 

of them were implemented.  

 

4.1 Proposed corrective actions 

 

The following list of CA were proposed after the data were 

primarily collected and several nonconformities were 

detected: 

•Increase the capacity of air handling units by installing 

sensors that automatically open windows during nighttime to 

increase natural ventilation. 

•Test the openings’ materials reflection, refraction, 

insulation and standards. 

•Periodic maintenance for openings. 

•Install lighting sensors and increase dependence on natural 

lighting instead of artificial ones. 

•Increasing public awareness toward energy savings. 

•Specialized courses should be held for two engineers at the 

HVAC system manufacturer’s headquarters, if not possible, at 

an accredited training center. 

•On-the-job practical training for laborers about installing 

and maintaining the HVAC system equipment and 

programming training course for programmers. 

•Functional and sutable inception tests are part of the pre-

commissioning testing to make sure every item is ready to go 

securly onto the next phase. 

•Operational tests are part of commissioning and 

performance twesting, which make sure the works can be used 

safely and according to specifications in all operating 

circmstances. 

•Conducting trail operation test to be sure that the works 

operats dependly and in line with the contract. 

 

4.2 Implemented corrective actions 

 

•Change undersized fan coil units in seven offices with a 

higher size unit which maintained the indoor temperature as 

designed. 

•Install sensors that automatically open windows during the 

night that increased the natural ventilation. 

•System performance tests proved that the HVAC system 

works as specified under all operating conditions. 

•Modify the windows lock hangers to be fixed which forbid 

the occupants from opening the windows while the HVAC 

system is operating which helps to maintain the indoor set 

point by the HVAC system. 

•Install shading film on the out surface of all windows that 

decreased transition through windows and reduces the solar 

heat. 

•Install window blinds which allowed occupants to control 

their environment more precisely as they desire. 

•Replace the old type of main doors with automatic doors 

which minimized the internal air leakage through building 

envelope. 
 

4.3 Why some proposed corrective actions were NOT 

implemented? 
 

The priority for the evaluation and implementation of CA is 

based on the relative significance of the major conditions 

negatively affecting the employees’ thermal comfort identified 

through the investigation process. Some of the proposed CA 

were not implemented because they were not applicable 

during the study duration, but considered to be implemented 

in the future. 

 

 

5. RESULTS AND DISCUSSION  

 

5.1 Before implementing corrective actions  

 

5.1.1 Employees’ satisfaction  

Employees were requested to explain in the interviews 

whether they are satisfied with the building's thermal comfort 

level during working hours. The results showed that the 

employees’ satisfaction ranges from 5% to 40% of the sample 

were dissatisfied with the thermal comfort level, where the 

highest percentage of dissatisfaction was at higher 

temperatures (27℃). In addition, employees were requested to 

describe the surrounding indoor environment. The results 

showed that 70% of employees expressed the unacceptability 

toward IATs. In meanwhile, 30% of employees expressed the 

acceptability toward IATs, which clearly indicates that 

thermal acceptability inside the AC office is related to the 

prevailing outdoor temperature.  

 

5.1.2 Indoor ambient temperature 

Asking four experts from the design team of the HVAC 

system to evaluate the HVAC system used in the studied zones 

and get feedback to eliminate any hardware or software 

inefficiency. we headed to the room where the main fan coil 

unit is located to ensure that the hardware was installed and 

running as designed, after that, we moved to the building 

management system’s control room and reviewed the 

operative reports which showed no errors during the operative 

phase of the studied building. Accordingly, we decided to 

measure the IAT that was conducted by using three 

instruments at the three offices, as shown in Figure 7. 
 

 
 

Figure 7. Isometric view showing the studied area 

 

During the study period, the employees who are working in 

the selected offices were also requested to do normal activities 

with normal clothing, where the AC set point was 23℃ at all 

times. First, the Extech AN100: CFM/CMM Mini Thermo-

Anemometer was used to record the IAT near the glazed 

facade in different orientations every working day at specific 

times, three times a day (8:00 am, 11:30 am, 2:00 pm) due to 

the effect of sun bath on the indoor temperature. At 8:00 am, 

the IAT near the east facade was higher than the IAT near 

south and north facades because the sun was facing it, whereas 
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at 2:00 pm the IAT near the south facade was higher than the 

IAT near east and north facades. This is because the sun was 

facing it, which means the heat gain by direct sunlight is the 

highest at this facade. Table 1 shows the recorded IATs at three 

times before the implementation of CA. Moreover, the study 

was focused on offices that had openings to the eastern facade, 

with the privilege of symmetrical design allows to compare 

offices with more similar conditions and characteristics before 

and after implementing CA. 

 

Table 1. The IATs recorded using a thermo-anemometer 

before the implementation of CA 

 

Measurement 

Time 

IAT Near East Facade 

(℃) 
IAT at Desk 

Level (℃) 
W1 W2 W3 

Day 1 

08:00 am 42.9 35.6 22.9 29 

11:30 am 41.5 34.8 27.5 28.3 

02:00 pm 32.9 31.7 31.9 27.6 

Day 2 

08:00 am 48.6 43.8 22.5 28 

11:30 am 42.4 40.1 30.5 27.8 

02:00 pm 40.5 39.2 37.1 27.2 

 

The second instrument which is Extech RHT20 the 

Humidity and Temperature Datalogger, was used to record 

physical measurements. The datalogger was set up at desk-

level to automatically measure and capture any significant 

differences of IAT inside the studied offices every 45 minutes. 

In addition, the Fluke TIS10 9HZ Thermal Infrared Camera 

was used to record the temperatures of aluminum window 

frame every two hours during working days. These 

measurements were taken to investigate the effect of the CA 

on the aluminum window frames (right, left sides and bottom), 

as well as the heat gain through infiltration has been taken into 

consideration. Table 2 shows a set of these measurements. 

 

Table 2. Temperatures of aluminum window frames 

recorded by a Thermal Infrared Camera before the 

implementation of CA 

 

Measurement 

Time 

Window 

No. 

Temperature (℃) 

Left 

Side 

Right 

Side 
Bottom 

09:00 am 

W1 44.1 43 48 

W2 40 47.5 46.4 

W3 34.7 38.9 38.1 

11:00 am 

W1 45 43.6 48.2 

W2 41.8 48.9 49.6 

W3 33.8 37.7 36.4 

 

5.1.3 Cooling energy consumption rates 

A simulation was conducted via HAP to estimate the 

cooling capacities required for the studied offices before 

implementing CA. The results listed in Table 3 indicate to the 

loads of chiller that required to achieve the IAT measured 

earlier.  

 

Table 3. The energy demand for cooling before the 

implementation of CA 

 
Zone No. Cooling Loads Before CA (kW) 

Zone 1 8225 

Zone 2 8231 

Zone 3 4115 

5.2 After implementing corrective actions 

 

5.2.1 Employees’ satisfaction  

Employees were requested to explain in the interviews 

whether they are satisfied with the building thermal comfort 

level during working hours. The results showed that the 

percentage of employees’ dissatisfaction decreased to 15% of 

the sample with the thermal comfort. Moreover, employees 

were requested to describe the surrounding indoor 

environment after implementing CA. The results revealed that 

the percentage of unacceptability toward IAT decreased in 

comparison with the percentage of unacceptability toward IAT 

before implementing CA, that became 58%. Whilst, the 

acceptability toward IAT after implementing CA is 42%. This 

in turn, indicates that more employees expressed thermal 

acceptability after CA were implemented. 

 

5.2.2 Indoor ambient temperature 

After implementing CA, the employees who is working in 

the selected offices were requested to do normal activities with 

normal clothing. The AC was always set at 23℃. First, the 

Extech AN100: CFM/CMM Mini Thermo-Anemometer was 

used to record the IAT near the glazed facade in different 

orientations every working day at specific times, three times a 

day (8:00 am, 11:30 am, 2:00 pm) due to the sun bath affected 

the indoor temperature. At 8:00 am, the IAT near the east 

facade was higher than the IAT near south and north facades 

because the sun was facing it, whereas at 2:00 pm the IAT near 

the south facade was higher than the IAT near east and north 

facades. This is because the sun was facing it, which means 

the heat gain by direct sunlight is the highest at this facade. 

The recorded IATs at three times after the implementation of 

CA are listed in Table 4. 

 

Table 4. The IATs recorded using a thermo-anemometer 

after the implementation of CA 

 

Measurement 

Time 

IAT Near East Facade 

(℃) 
IAT at Desk 

Level (℃) 
W1 W2 W3 

Day 1 

08:00 am 41.5 34.2 21.5 26 

11:30 am 40.6 33.1 25.4 25.8 

02:00 pm 31.8 30.2 31.6 25.6 

Day 2 

08:00 am 44.4 44.2 26.6 25.6 

11:30 am 45.6 39.8 30.2 25.3 

02:00 pm 39.4 35.0 35.2 25.1 

 

The statistical significance of the variation in work area 

temperatures were tested by the t-test. The result revealed that 

there is a significant difference with p < 0.001 as shown in 

Table 5. This means that the insulation has an effect on 

reducing the IAT of the desk level. The Extech RHT20 

Humidity and Temperature Datalogger was applied to record 

physical measurements. The datalogger was set up at desk-

level to automatically measure and capture any significant 

differences of IAT inside the studied offices every 45 minutes. 

The Fluke TIS10 9HZ Thermal Infrared Camera was applied 

to record the temperatures of aluminum window frame every 

two hours during working days. These measurements were 

conducted to reveal the effect of the CA on the aluminum 

frames (right, left sides and bottom), as well as the heat that 

gain through infiltration is taken into consideration. Table 6 

portrays a set of temperatures on aluminum window frames. 
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Table 5. The t-test of work area temperatures (one sample test) 

 

Cooling Shade t df Sig. (2-tailed) Mean Difference 
95% Confidence Interval of the Difference 

Lower Upper 

Cooling W_shade 7.721 5 0.001 6784.17 4525.59 9042.75 

Cooling W-O shade 8.042 5 0.000 6908.33 4700.17 9116.50 

 

Table 6. Temperatures of aluminum window frame recorded 

by a thermal infrared camera after the implementation of CA 

 

Measurement 

Time 

Window 

No. 

Temperature (℃) 

Left 

Side 

Right 

Side 
Bottom 

09:00 am 

W1 44.6 48.7 47.4 

W2 48.2 55.6 50.2 

W3 32.7 38.2 36.5 

11:00 am 

W1 45.9 43.3 45 

W2 44.0 41.1 47.1 

W3 32.7 38.2 36.5 

 

The temperatures of aluminum window frame were 

recorded and analyzed. The t-test was performed to evaluate 

the statistical significance of the variation in the window frame 

comparison. The result demonstrated that there is no 

significant difference with p > 0.05 which indicates that the 

insulation has No impact on the frame thickness. 

 

5.2.3 Cooling energy consumption rates 

A simulation was conducted using the HAP to estimate the 

chiller capacities required for the studied offices after 

implementing CA. Table 7 shows the results indicate the loads 

of chiller required to achieve the IAT. 

 

Table 7. The energy demand for cooling before the 

implementation of CA 

 
Zone No. Cooling Loads After CA (kW) 

Zone 1 8104 

Zone 2 8033 

Zone 3 3995 

 

The t-test was done to investigate the statistical significance 

of the difference between before and after CA in heating and 

cooling loads of the selected offices. The results showed that 

there is a significant difference of p < 0.001 for cooling loads 

of chiller at all targeted office zones, see Table 8. 

Table 8. The t-test of work area temperatures (one sample test) 

 

Cooling Shade t df Sig. (2-Tailed) Mean Difference 
95% Confidence Interval of the Difference 

Lower Upper 

Cooling W_shade 7.524 5 0.001 5703.66 3755.07 7652.27 

Cooling W-O shade 7.677 5 0.001 5712.00 3799.47 7624.53 

 

 

6. CONCLUSION 

 

The conducted measures after the implementation of CA to 

validate the assumption. The results clearly showed a notable 

enhancement in the building's thermal comfort without any 

increase in the energy consumption or the energy bill of the 

targeted building. Based on the results and discussions, the 

following conclusions can be drawn: 

Employees’ satisfaction improved and became more 

comfortable with the indoor environment after implementing 

CA. As stipulated in IOS 7730 standard, the spaces can be 

considered thermally comfortable when the employees feel 

neither warmer nor cooler. Consequently, changing functions 

during the construction phase or when the building in use 

represents a major challenge affecting both employees' 

thermal comfort and the energy consumption. Furthermore, 

mistakes during design phase have effects on thermal comfort, 

thus increase energy consumption as well as decrease 

employees’ satisfaction. Therefore, Implementation of CA 

helped in improving the indoor quality without increasing the 

capacity of HVAC system when the building in use, but does 

not solving the problem. 

This study investigated the thermal comfort during the 

operation phase to figure out the causes of increasing energy 

consumption and employees’ satisfaction which are the heat 

flow through aluminum windows frames and a high 

temperature close to glazed facade depends on the sun path 

orientation. Afterward, CA are proposed based on the 

outcomes of analysis before implementation of CA. Finally, 

generalizing the proposed CA is not feasible, due to proposing 

CA depends on the analysis of the space when it in use to find 

out the problems. 

 

 

7. RECOMMENDATIONS  

 

Achieving thermal comfort is a complex issue. 

Understanding the thermal comfort concept throughout all 

project life cycles will increase the number of occupants who 

experience a high level of thermal comfort. we recommend to 

highlight the following important issues: 

•An important factor contributing to dissatisfaction with 

human thermal comfort in any building is change functions of 

original design when the building in use. A new simulation 

must be performed before the changing orders approved. 

•Periodic tests are needed to ensure that the HVAC system 

is efficient to do the work with no increment in the energy 

consumption ratio, the maintenance has also a key role to keep 

the system running efficiently. 

•It is not recommended to use traditional aluminum window 

frames in building envelopes in Jordan. Isolated aluminum 

frames or PVC windows instead of using traditional aluminum 

will provide much better control to building thermal comfort. 

•More research and studies are needed to evaluate the 

thermal comfort situation in public office blocks in Jordan. 

The implementation of CA should be proposed to improve 

thermal comfort without increasing energy consumption 

because Jordan is one of the countries with limited energy 

sources. 
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