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Abstract— The selection process of heating, ventilating and 

air conditioning (HVAC) systems is a crucial process that 

irritates decision makers. In Egypt this process is mostly 

dependent upon the perception of the owner, his intuition and the 

budget determined in advance by the manager. This study 

intends to examine and evaluate the current practices used in the 

selection process of HVAC systems in public buildings. To 

achieve this objective a questionnaire was conducted on both the 

architect and the electromechanical team, who are considered 

the primary stakeholders concerned with the actual selection 

process of HVAC systems. The results of this paper remarkably 

show the discrepancies amongst the selection processes 

conducted by both target groups. 

 

Keywords: HVAC systems, Sustainability, Selection Process. 

I. INTRODUCTION 

The selection process of heating, ventilating and air 

conditioning (HVAC) systems is a crucial process that 

irritates decision makers. This is because the contribution of 

buildings toward global energy consumption is 

approximately 40% [1], where most of energy use in 

buildings is for the provision of heating, ventilation and air 

conditioning (HVAC), which takes about 50% of building 

energy consumption on average [2]. Thus, the selection of 

High-level performance of HVAC systems in building 

lifecycle is critical to building sustainability [3].  The role of 

HVAC systems is vital, since, if well designed and 

constructed, they can contribute to the reduction of the 

buildings’ energy use and to the maintenance of an 

acceptable indoor air quality (IAQ) [4]. Several design 

parameters have a significant effect on the heating and 

cooling thermal loads of buildings. These parameters include 

the features of the building envelope (building shape, 

orientation, wall and roof constructions, window types and 

sizes), and the characteristics of (HVAC) systems (their type, 

efficiency and operation settings, [5]. All (HVAC) system 

designs should fulfill thermal comfort needs and indoor air 

quality, which are achieved by adjusting some parameters, 

considering energy savings. The design process is crucial in 

the accomplishment of those goals [6]. This paper examines 

the current practices and analyses of the parameters that 

guide the selection process of such vital systems from both 

views of the architectural designer and the electromechanical 

engineer, who represent the primary stakeholders concerned 

with the actual selection process of HVAC systems.  

A. Problem Definition 

This paper is concerned with evaluating the selection 

process of HVAC systems in public buildings. In Egypt, this 

process is mostly dependent on the perception of the owner, 

his intuition and the budget determined in advance by the 

manager. This non-objective selection of (HVAC) systems 

causes severe problems, such as changes in the space 

requirements to adapt with the chosen system, the provision 

of accessibility for maintenance and finally affecting their 

cost effectiveness. In addition to the problems resulting from 

the owner perception, the divergence between both the views 

of the designer of the building and the electromechanical 

forms another problem.  This divergence is obvious in the 

methods and priorities of their selection process. While the 

main concern of the architect is to accomplish his design 

concept with zero modifications, the electromechanical is 

much concerned about calculations and the provision of 

enough spaces for the selected system.  

B. Objectives    

This study intends to examine and evaluate the current 

practices used in the selection process of HVAC systems in 

public buildings. Several design parameters that have a 

significant effect on the selection of heating and cooling 

thermal loads of buildings are investigated. These 

parameters are examined and prioritized from both views of 

the architect and the electromechanical, in order to achieve 

better understanding between the architect and the 

electromechanical team. 

II. METHODOLOGY 

Primary data were collected by questionnaires and 

in-depth interviews and secondary data were gathered by 

observations and analysis. A household drop-off survey was 

adopted in this paper, where the researcher went to the 

respondent's business and hands him the questionnaire. 

Some of the respondents were asked to mail it back; in other 

cases, the researcher returned to pick it up. This approach 

attempts to blend the advantages of the mail survey and the 

group-administered questionnaire [7]. In addition, open 

interviews were held with electromechanical experts while 

the questionnaires targeted the architects. 

A. Target Groups 

Although the selection process of HVAC systems in 

buildings is relevant to different stakeholders including 

client groups, design team, project management team and 

electromechanical team, the current research concentrated 
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on two categories of respondents: architectural designers and 

electromechanical experts. Three groups of variables were 

categorized to test differences in the opinions of 

respondents. These were: the working experience of the 

respondent (whether juniors or seniors), the respondent’s job 

position (whether an architect or an electromechanical) and 

the type of projects that the respondent frequently carry out.  

    Work Experience 

       Two categories of respondents based on work 

experience are represented to be more than or equal 10 

years of working experience, while the other group is 

less than 10 years of working experience.  

    Job Position 

A wide range of job position groups are included in this 

study; these groups are architecture design 

fresh-graduates, expert architecture designers, expert 

electromechanical engineers and academics who are 

also working as architects or consultants and 

non-academic consultants.  

    Type of Projects 

This variable includes different types of construction 

projects, whether public-owned projects or private- 

owned ones, which the respondent has frequently 

carried out or shared in. 

B. The Design of Questionnaire 

When you submit your final version, after your paper has 

been accepted, prepare it in two-column format, including 

figures and tables. The questions included in the 

questionnaire were designed through a brainstorming 

process that involved three different experts: an academic 

architecture stuff member, an academic electromechanical 

stuff member and a senior electromechanical engineer who 

has 11 years of experience working in HVAC systems 

design. The questionnaire included different types of 

questions, such as: 

     Ordinal questions: The respondents were asked to order 

their preference for different aspects using ordinal 

questions, where 1 is the respondent's first choice 

showing his/her first priority. 

      Interval questions: where 1-to-5 rating is adopted. This 

is applied to some opinion questions. 

     Filter or Contingency Questions: the questionnaire 

involved multiple questions of that type to determine if 

the respondents are qualified or experienced enough to 

answer the rest of the questionnaire or not. 

C. The Response Format 

Both structured and unstructured response formats were 

adopted in this questionnaire. Structured format, in some 

cases, helped the respondent to respond more easily and 

helped the researcher to accumulate and summarize 

responses more efficiently. Meanwhile in the unstructured 

format, used, the respondent wrote down his response in the 

form of a text, which gave a full view of his response [7]. 

D. Data Analysis 

A total of 50 questionnaires were distributed on the 

different target groups, a return rate was about 65%, and a 

variety of years of experience groups between 1 and 44 years 

were included in this investigation. Ages of respondents 

ranged from 22 to 65. All respondents had at least a bachelor 

degree, 4 of them were PHD holders and 3 were master 

degree holders. 

 

III. CRITERIA FOR THE SELECTION OF HVAC 

SYSTEMS 

This paper suggests four main parameters that guide the 

selection process of HVAC system. These parameters 

include: background knowledge of the architect, 

addressing sustainability issues, efficient coordination 

and the selection of efficient systems. The criteria that 

guide the selection process of HVAC systems vary from the 

point of view of different stakeholders. The 

electro-mechanicals make their selection based on a group of 

factors. These factors include the initial and life-cycle cost, 

suitability for the intended occupancy, floor space 

requirements, maintenance, reliability, simplicity and 

control [8]. In addition, the selection of the system should be 

governed by the most efficient use of available natural 

resources. 

A. The Background Knowledge  

The structure of architects’ professional knowledge and 

the way it is related to experience, is considered an 

interesting issue to be investigated. The architect is asked to 

have equal background on multidisciplinary frameworks, 

including artistic, scientific, economic and technological 

disciplines. Thus, the architect is therefore constantly 

required to integrate both theoretical knowledge and 

practical experience at work. Although it is not the main role 

of the architect to decide about the HVAC system to be used 

in their designed building, they should have the minimum 

knowledge about the different requirements of the systems. 

These requirements include space requirements for 

equipment's, energy use, maintenance and operational 

requirements, in addition to cost requirements. Moreover, 

the architect should have the knowledge to allocate adequate 

space for the mechanical equipment, pipelines and ducts, 

from the preliminary stages of the design process. They 

should be aware of the main rules of a thumb for such tasks, 

and must also consider the coordination of the position of 

devices to avoid different consequences of skipping that. 

B. Addressing Sustainability Issues 

Sustainability policy is a very important issue to discuss 

and apply. It has many paths and any improvement in 

external walls, glass, roof or inner partition construction 

extremely affects the HVAC system, which reflects deeply 



                                                       
   

 

ISSN: 2277-3754   

ISO 9001:2008 Certified 
International Journal of Engineering and Innovative Technology (IJEIT) 

Volume 3, Issue 7, January 2014 

182 

 

 

on electrical consumption. Both the architect and the electro- 

mechanical consultant should evaluate several alternatives 

related to the optimization of the thermal regulation 

capability of the building, the level of insulation, the extents 

of shading and many other attributes related to sustainability 

and conservation of energy [8]. 

C. Efficient Coordination 

    The architect and the electromechanical should be able to 

efficiently coordinate with each other to achieve better 

process of HVAC system selection and accomplish a 

win-win scenario. In addition, a cost-effectiveness analysis, 

between different active and passive approaches in design 

and their impact on the overall cost of systems, should be 

conducted [8]. The best time to achieve efficient 

coordination between the architect and the 

electromechanical consultant is the early beginning of the 

project, which guarantees minimum further modifications of 

spaces afterwards. 

D. Selection of Efficient Systems 

    In the past or even now, most of the HVAC  systems are 

selected purely on basis of the lowest tender prices, even 

though they are required to be undergone the 

pre-qualification process [9]. However, it is increasingly 

admitted that the practice of awarding tenders on a basis of 

low tender price eventually would lead to the ultimate quality 

problems. 

 

IV. DATA COLLECTION 

The process of data collection was based on using a 

designed questionnaire that targeted architects of differed 

ages, levels of experience and background knowledge. The 

main parts of the questionnaire are discussed in the next part 

of the paper. 

A. Profile of Respondents 

This part included general data about the respondent, 

including gender, education, age, years of experience and 

types of projects most frequently carried out. 

B. Background Knowledge  

This part included examining the background of the 

respondents, table (1). 

 

 

Objective of question/ 

measured attribute 

Question  

The best time of 

thinking about the 

appropriate HVAC 

system and involving 

the HVAC consultant. 

At what stage of the project do you often 

involve HVAC consultants? 

At what stage do you start thinking 

about the appropriate HVAC system? 

How far does the 

architect involve 

Do you usually involve enough spaces 

for HVAC systems requirements in your 

spaces in his design 

for both HVAC 

systems requirements 

and for the 

accessibility of 

maintenance as well? 

 

design? 

Do you usually consider the access to 

the HVAC equipment for fulfilling 

maintenance in your design? 

The rules of a thumb 

of calculating and 

allocating the space of 

the machine room 

with respect to floor 

area. 1 

What is the area percentage that HVAC 

machine rooms occupy with respect to 

the floor areas that they service?( In case 

of using central system) 

If HVAC distribution system is air 

system, what is the case area allocated 

for duct risers for each 100m2 of floor 

area that they service? 

How often do you locate HVAC 

equipment in roof penthouse room? 

Verification questions. 

 

1- How often do you apply modifications on 

the design after the HVAC system has 

been chosen? 

Describe the modifications you apply on 

your design after the interference of the 

electromechanical team. 

C. Sustainability 

This part included examining the degree of awareness of the 

respondent towards the impact of sustainability on the 

system selection, table (2). 

 

. 

Objective of question/ 

measured attribute 

Question  

The degree of 

involvement of 

sustainability design on 

the building. 

 

2- How often do you adopt sustainability 

concepts in your designs? 

1- Please, Rank the following passive 

methods from the most used to the 

least used in your designs (do not 

give a rank to the systems you do 

not use 

The depth and scope of 

the respondent’s 

knowledge about 

different passive 

treatments that affect 

the conservation of 

energy in the buildings. 

3- What type of passive method do you 

use in Upper Egypt? 

4- How often do you use vertical 

landscaping as a thermal insulator 

in your building design? 

5- How often do you use roof gardens in 

 
1
 - These data and calculations were based on empirical 

methods that are widely approved by the electromechanical 

experts working in the field of HVAC systems design in 

Egypt, in addition to [10].  

Table (1): the objectives/ measured attribute in each group 

of background knowledge questions 

Table (2): the objectives/ measured attribute in each group 

of sustainability knowledge questions 
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your building design? 

Measuring the degree of 

awareness towards 

conscious choice of 

materials. 

6- How often are your choices of 

building materials based on 

life-cycle cost? 

Verification questions 

aiming at making sure 

that the respondent 

answered frankly to the 

previously asked 

question. 

7- How often do you involve passive 

cooling methods in your work? 

 

 

D.  Coordination 

This part of the questionnaire included examining the degree 

coordination of the respondent with other partners who share 

in the selection process of HVAC systems, table (3).  

 

 

Objective of 

question/measured 

attribute 

Question  

Evaluating the type 

of relationship 

between the 

architect and the 

electromechanical 

 

How often do you have problems with 

the electromechanical team? 

Rank the following problems that 

might have faced you while dealing 

with the electromechanical (From the 

most repetitive (1) to the least (5) (do 

not give a rank to the problems you 

never had) 

Verification 

questions  

Does the electromechanical team who 

works with you complain about 

having difficulties in your designs? 

If ever, in what stage does the electro 

mechanical’s complaint appear? 

What type of modifications do you 

need to apply after the 

electromechanical Interference? 

 

E.  Selection of Qualified People and Systems 

This part of the questionnaire included examining the 

methods of selection of HVAC systems and contractors, 

table (4). 

 

 

 

 

V. GENERAL RESULTS 

Based on the analysis of the questionnaires' results of 

consultants, architects and interviewing electromechanical 

experts, the following attributes for the selection process of 

HVAC systems in buildings were deducted. 

A. Attributes of System Selection from the Architects 

Point of View 

The following part describes the general results extracted 

from the questionnaire that was applied on a group of 

architects who have different background knowledge, years 

of experience and practices. 

A1; Profile of Respondents The general features concerning 

the profile of respondents are shown in table (5). These 

features show that while both junior males and females are 

involved in the selection of HVAC systems, all the senior 

architects involved in such process are males. This indicates 

the general trend found in Egypt and the general preferences 

of both genders. 

  

 
2 - The choice of the right system is the outcome of different factors, but the answers to 

this question mainly depends on the individual experience of the interviewee. 

Objective of 

question/measured 

attribute 

Question  

Determining the factors 

affecting the choice of the 

HVAC contractor from 

the respondent's point of 

view 

8- What are the qualifications 

that determine the choice of 

HVAC contractor? 

Determining and rating 

the methods used for the 

choice of the HVAC 

system from the 

architect's point of view. 

2- How, and how often, do you 

actually choose the HVAC 

system? 

 

Determining and rating  

the criteria used for the 

choice of the HVAC 

system from the 

respondent's point of 

view 

3- Please rank the following 

criteria that guide your choice 

of the HVAC system 

 

The relationship between 

the type of building and 

the selected HVAC 

system from the 

respondent's point of 

view.2 

4- Please specify the  HVAC system 

you mostly apply for each of the 

following building types 

 

Table (3): the objectives/ measured attribute in each group of 

coordination questions 

Table (4): the objectives/ measured attribute in each 

group of contractors and system selection questions 
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A2.Background Knowledge 

This part of the analysis included investigating the time of 

selecting HVAC systems, figure (1), fulfilling their space 

requirements, figure (2), considering the accessibility for 

maintenance of system, figure (3) and checking the rules of 

thumb of system-related calculations by both junior and 

senior architects. 
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Fig.1: the time of system selection 
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Fig.2: including enough spaces for the selected system 

  

Fig. 3:considering accessibility for maintenance of the 

selected system according to architects 

 
 

Fig.4: rules of a thumb for system-related calculations 

according to architects 

A3.Sustainability 

This part of the analysis examined the rate of applying the 

concepts of sustainability in design of buildings, figure (5), 

the awareness of both junior and senior architects of some 

major sustainable strategies such as roof gardens, figure (6), 

the impact of LCC analysis on the choice of building 

materials, figure (7), and the rate of applying passive cooling 

strategies, figure (8). Table (6) shows a general ranking for 

the passive design strategies from the most effectively 

applied (rank 1) to the least applied (rank 6). 
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Profile of 

Responden

ts 

Junior Arch.  Senior Arch 

Gender  50% 

50% 

100% 

Years of 

experience  

Fresh graduates 

to 9 years' 

experience 

From 10 to 44 years of 

experience 

Type of 

projects 

frequently 

carried out 

Sport facilities, 

community 

centers, 

educational 

buildings, 

service 

buildings, 

airports 

Office buildings, malls, 

residential buildings, 

medical centers, touristic 

projects and cultural 

centers 

Table (5): general features of the profile of respondents 

questions 

(a) Juniors 

(a) Juniors 

Fig.5: rate of applying sustainability concepts 

Fig.6: rate of applying roof gardens and vertical 

landscaping according to architects 

(a) Seniors 
neve
r; 47

ofte
n; 29

some
time
s; 18

never; 
17

some
times
; 83
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Fig.7: including the impact of LCC on the choice of building 

materials, according to architects 

 

 

 

 

A 4.Coordination 

This part of the analysis examines the degree of 

coordination between the architect and the 

electromechanical.  The efficiency of coordination could be 

traced from both the rate of complaint of the 

electromechanical, figure (9), and the phase at which the 

complaints occur, figure (10). Starting this part of the study 

the results demonstrated are restricted to senior architects 

only, as the contingency questions have shown  

Inconveniencies amongst the results of junior architects. 

This has to do with the lack of enough experience and the 

limitation of their practice.  

 

 

 

 

 

 

 

 

 

A5.Selection of Efficient Systems 

This part of the analysis concludes the internal factors 

affecting the choice of the HVAC contractor from the senior 

architects' point of view, table (7). 

 

 

B. Attributes of System Selection from the 

Electromechanical Point of View 

The following part describes the results extracted from the 

in-depth interview that was applied on a number of 

electromechanical experts who have more than ten years of 

experience in the field of the design of HVAC buildings in 

public buildings. Table (8) shows the problems most of the 

electromechanical interviewees mentioned in different 

design phases and their rating from the most severe (1) to the 

least severe (5). Most of the electromechanical interviewees 

mentioned that they "always" have problems with the 

architects and that they "usually" complain about difficulties 

in the architectural design concerning the design and 

allocation of HVAC systems.  

 

 

 

 

 

 

 

Table 6: ranking of passive design strategies 

Passive method  juni

ors 

ran

k 

seni

ors 

Ran

k  

% Final 

ranking 

Natural ventilation 1 1 50% 1 

Thermal masses 4 2 33% 3 

Evaporative cooling 5 6 83% 5 

Passive solar Heating 4 3 50% 4 

Shading   3 2 67% 2 

Vertical landscaping 5 6 100

% 

6 

Green roof 6 4 33% 5 

Table 7:factors affecting system selection 

Method of choice Never 

/Sometimes 

(negative 

answer) 

often/always 

(positive 

answer) 

Your own knowledge 67% 33% 

Consulting an 

electromech. expert 

44% 56% 

Consulting academic 

professors  

75% 25% 

Fig.9: rate of complaint of 

the electro-mech. team 

Fig.10: the phase at which 

the complaints occur 
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Fig.8: rate of applying passive cooling strategies 
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VI. FINDINGS 

The main findings of this paper are concerned with 

showing the discrepancies of the selection process of HVAC 

systems amongst both groups: the architects and the electro 

mechanicals 

A. Problems Affecting the Selection of HVAC Systems 

    Regarding the problems linked to the selection of HVAC 

systems, both groups agreed that affording enough clear 

ceiling height to adopt fittings of the system and the electric 

power consumption of the system are the most devastating 

problems they both have. The two groups have shown 

variation in their view of the impact of the problem of noise 

generated from the selected system. While the 

electromechanical considered this a problem of moderate 

impact, the architect classified it as a low-impact problem on 

system selection, figure (11). 

 

 

 

 

B. Factors affecting the Choice of HVAC Systems 

Figure (12) illustrates the factors that affect the choice of 

the HVAC system from the view of both groups. While 

architects considered the most important factors affecting 

their choices to be maintainability and reliability, 

electromechanicals considered low initial cost and system 

the most vital factors affecting their choices. 

 
 

 

C. The Impact of the Type of Building on the Selection of 

HVAC System 

Architects consider the impact of the type of building on 

the selected system a vital factor; meanwhile, 

electromechanicals consider it a factor of low impact, figure 

(12).  Nevertheless, figure (13) shows that both groups 

agreed completely on the types of HVAC systems that they 

commonly use in some types of buildings like hospital 

buildings, and they partially agreed on the types of systems 

used in hotel buildings and high-rise office buildings. Both 

groups had great differences in their opinion concerning the 

HVAC systems they use in educational buildings and 

low-rise office buildings.  

 

 

 

VII. CONCLUSION 

The selection process of HVAC systems in public 

buildings in Egypt is greatly affected by the current practices 

performed by both architects and electromechanicals.  

    According to this study, though most architects believe 

that the involvement of the electromechanical should be 

considered in the detailed design phase(about 70% of 

Pha
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Convincing the project manager and the 

architectural team of the most proper HVAC 

system which suits the project's demands and 

the circumstances of the site. 

3 

P
re
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m
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d
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Providing mechanical rooms with certain 

areas and shafts for air ducts and pipes. 

 Making two-dimensional drawings for ducts 

routings while allocating all HVAC 

equipment.  

2 

D
et
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d
 

d
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 The inefficient coordination, conflict with 

structural openings, false ceiling height and 

air outlets and the lack of reflection of some 

requirements on plans either from the 

architectural or from the electromechanical 

team. 

1 

C
o

n
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ct
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d
o

cu

m
en

ts
 If the previous problems were resolved, this 

phase would pass with great convenience and 

minimum changes. 

4 

Table (8): the problems electro mechanicals have in 

different design phases and their rating 

Fig.11: discrepancies in ranking the problems 

affecting the system selection 

Fig. 12: discrepancies in ranking the factors 

affecting the selection of HVAC systems 

Fig.12: discrepancies in choice of commonly used systems in 

different types of buildings 
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the surveyed senior architects), the electro mechanicals 

believe they should be involved in the preliminary 

phases of the design process( nearly all the surveyed 

electro-mechanicals). 

    Although most of the surveyed architects mentioned that 

they always/often include enough spaces for HVAC 

system requirements ( about 85% of the surveyed senior 

architects) , the electromechanicals agreed on 

categorizing the problem of lack of enough spaces for 

the system as a high-priority problem that they often 

face. 

    While most of the senior architects were able to 

calculate the space requirements of HVAC systems 

using rules of thumb extracted from their own practices( 

83% of the surveyed senior architects), junior architects 

found it hard to perform such calculations 

correctly(only 59% the surveyed junior architects) .  

    There is an obvious gap between the opinions of both 

groups concerning the rate of having problems in the 

coordination phase. Most senior architects claimed they 

never had problems with electromechanicals ( about 

50% the surveyed senior architects), meanwhile nearly 

all the surveyed electromechanicals claimed they always 

have problems in coordinating with architects. 

Finally, the paper proved that both groups have shared some 

common practices and discrepancies concerning the 

selection process of HVAC systems, this was clearly 

expressed in their views of the problems, factors and types of 

buildings that mostly affect selection process. 

VIII. RECOMMENDATIONS 

This paper suggests a number of recommendations that 

addresses both the architects and the electromechanicals that 

are involved in the selection process of HVAC systems. 

These recommendations aim at improving the current 

practices implemented in this process: 

 Including early involvement of the HVAC consultants. 

 Revising calculations of the mechanical room carefully by 

both the architect and the electromechanical to afford 

enough space for maneuvering and maintaining 

equipment. 

 Emphasizing Sustainability policies (which would deeply 

reflect on the electric consumption of HVAC systems). 
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