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Abstract: During the last two decades the Heating Ventilation Air Condition (HVAC) systems have been used to enable heating, cooling 

and ventilation of buildings with the primary aim of meeting the requirements of thermal comfort and indoor air quality. In this research 

work, energy consumption in buildings has been analysed by using Hourly Analysis Program (HAP) software. The object of our research 

work was focused in the Polytechnic University of Tirana. Mathematical models of thermal calculations have been based on the 

international standard ISO 13790: 2008 on energy use and thermal performance of buildings. 
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1. Introduction 

During the last two decades the Heating Ventilation Air 

Condition (HVAC) systems have been used to enable heating, 

cooling and ventilation of buildings with the primary aim of 

meeting the requirements of thermal comfort and indoor air quality. 

The evolution of HVAC systems began in the early 20th century, 

undergoing continuous development to the present day, where 

various types of HVAC systems were used extensively for 

residential, commercial and industrial buildings. However, using 

HVAC systems requires a large amount of energy to enable them to 

function correctly. The building sector accounts for about 30% of 

total energy consumption in Europe and the US [2]. Thus, in a 

commercial building, HVAC systems consume about 5% of energy 

for heating, 14% for cooling and 12% for ventilation [5]. 

The challenge HVAC engineers face today is to use energy 

efficient systems, combining the efficiency of systems with the high 

standards for thermal comfort and indoor air quality of buildings. 

Today's directions in the field of HVAC relate to optimizing 

systems and evaluating various alternatives to achieve energy 

objectives. Furthermore, Albania have implemented European and 

international standards for energy consumptions and most of the 

residences have been focused on HVAC systems. In this research 

work, energy consumption in buildings has been analyzed by using 

Hourly Analysis Program (HAP) software [4]. The object of our 

research work was focused in the Polytechnic University of Tirana. 

Mathematical models of thermal calculations have been based on 

the international standard ISO 13790: 2008 on energy use and 

thermal performance of buildings [1]. The purpose of the study is to 

evaluate the heat and cooling energy consumption for Polytechnic 

University of Tirana.    

2. Evaluation of energy consumption  

In this section we will realize the thermal load calculations and 

energy consumption estimation by using HAP software. HAP 

software is a tool used to evaluate thermal load and system design. 

Secondly, it is a tool for simulations of energy use and energy 

consumption calculations. The study object was the Polytechnic 

University of Tirana. The simulation results has been used to 

analyze the energy use and annual energy consumption for 8760 

hours of the year.  

Before energy simulations can be carried out we should know 

information on building, environment, equipment, HVAC systems 

and energy prices must be collected. We have collected all specific 

types of information needed which are as follows: 

 Climatic data for the building area.  

 Information on the construction material of walls, ceilings, 

floors, doors and windows. 

 The weight of the building and the orientation of the 

building. 

 Interior heat gain characteristics, determined by number of 

persons, lighting systems, equipment and machinery inside 

the building. 

 Data on HVAC equipment, controls and components to be 

used. 

 Price data for electricity and energy sources to be used in 

the building. 
 

Afterward, the data required for energy analysis have been 

entered in HAP software such as external climatic conditions, 

entering data for building spaces, entry data system, data entry of 

the equipment system, entering electricity data and entering 

building data. The analysis of our research work is given for the 

first three floors of the Polytechnic University of Tirana which 

comprises lecture halls, seminar classrooms, laboratories, computer 

rooms, libraries, offices, corridors and university lobby, with a total 

of 123 spaces. The Fig. 1 depicts climate conditions in our analysis 

which were taken from ASHRAE standard [3]. 

    

Fig. 1. Climate conditions for Tirana city, ASHRAE standard 

The characteristics of the building elements are taken into 

account from the layout of the building and information about the 

use of the building are as follows: 

 The construction type is the same for all exterior walls of 

the university. The design of the walls consists of 500 mm 

thick brick and 20 mm interior plaster. The heat transfer 

coefficient U is 0.517 W/m2K. The total weight is 517.2 

kg/m2. The external surface absorption is of "medium" 

category and the absorption coefficient is 0.675. 

 The university terrace is horizontal and uniform. The 

terrace construction consists of the following layers such as 

25.4 mm interior plaster, 203.2 mm concrete soles and 9.54 

mm waterproofing. The total thickness of the terrace is 

238.14 mm. The heat transfer coefficient U is 2.134 

W/m2K. The total weight is 256.4 kg/m2. The external 
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surface absorption is of the "dark" category and the 

absorption coefficient is 0.900. 

 The type of window construction is the same across the 

university. The windows are double glazed with aluminum 

frame without thermal joints. The inner shadows were not 

used. The heat transfer coefficient U is 4,441 W/m2K and 

the shading coefficient is 0.827. 

 The lighting is the same for all campus settings. The 

lighting equipment load is 5 W/m2. 

 Electrical equipment load is 12 W/m2. 

 The activity level of the university premises is considered 

as "office space" with sensible heat 71.8 W/person and 

latent heat 60.1 W/person. The number of persons 

depending on the use of space is given in Table 1.  

Table 1: The persons number on the use space of university building. 

Building Informations Number of Persons  

Lecture hall 120 

Workshops 30 

Laboratories 15 

Computer rooms 30 

Library 50 

Offices 2 

“Silvano Pedrolo” hall 150 

University hall 10 

Corridors 10 

 

3. Simulation results  

The summary results has been generated by HAP software after 

all determined elements like heat transfer, system data and power 

simulation results for 8760 hours of the year are shown in Table 2 

and Fig. 2. 
 

Table 2: Air System Simulation Results. 

 

 

Fig. 2. Air System Simulation Results 

From our obtained data of the simulation results, the heat-

cooling thermal load for the 12 months in the year are as follows: 

 Heating: QH = 449724 kWh 

 Cooling: QC = 337529 kWh 
 

Based on these results we can determine from eq. 1 and 2 the 

total electricity consumption for heating and cooling. (COP 

performance coefficient = 3.5). 

kWh  128496.14
COP

Q
Q HH

el
                   (1) 

kWh   96436.86
COP

Q
Q CC

el
                   (2) 

The annual energy consumption for heating and cooling at 

Polytechnic university of Tirana has been calculated as follows by 

eq. 3 and 4: 

Lek/year 1,901,743/8.14  kWhLekQCost H

elH
   (3) 

Lek/year  1,427,266/8.14  kWhLekQCost C

elC
   (4) 

4. Conclusion  

In this research work we have briefly describe the evaluation 

of energy consumption in Polytechnic University of Tirana by using 

Hourly Analysis Program (HAP) software. The international 

standard ISO 13790: 2008 have been used to analyze the usage 

energy and thermal performance of our university building. The 

annual energy consumption for heating was 1,901,743 Lek/year and 

for cooling was 1,427,266 Lek/year. The future research work 

would reveal if we can reduce the annual energy consumption by 

changing thermal isolation of our building and also windows 

materials.  
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