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PREFACE

The contemporary development of a society requires increased productivity and 
production quality in all fields of industry. In electrical and mechanical engineering 
as well as information technology this is most obvious in basic production processes 
and other engineering activities. In the last decades, new techniques and technologies 
have seen intensive advance and their application in production systems has also been 
increasing. 

Contemporary production is nowadays computer integrated by applying software 
that enables simultaneous product and manufacturing process design and complete 
CAD/CAPP/CAM integration of design and production.

These accomplishments, present in the developed countries, are within reach and 
can be acquired by intensifying our education, scientific research and development 
efforts, which include presenting the most important results of the past few years at this 
Conference.

The DEMI conference is a major meeting for presentation of new research and 
development results in electrical and mechanical engineering as well as information 
technology. The aim of the DEMI 2015 Conference is to present scientific and 
professional accomplishments and possibilities for their application, but also to set 
course for future research and development, in order to improve manufacturing aspects 
of industry by introducing new technologies.

The Conference includes the following thematic fields:

•	 Production and Computer-Aided Technologies
•	 Energetics and Thermal Engineering
•	 Mechanics and Design
•	 Mechatronics and Information Technology
•	 Automotive and Traffic Engineering
•	 Quality and Ecology
•	 Maintenance of Engineering Systems and Occupational Safety Engineering

117 papers will be presented at the Conference. The fact that there are 89 papers 
submitted from abroad reflects the international character of the Conference.

The DEMI 2015 Conference is an opportunity for researchers and engineers, both 
from the academic community and industry, to get together, to exchange experiences 
and to define the state of affairs in the industry as well as to create preconditions for the 
development of new capacities and ambient for new investments.

The Ministry of Science and Technology of the Republic of Srpska has supported 
the organization of this Conference, thus contributing to the improvement of scientific-
research and development activities in the field of electrical and mechanical engineering 
as well as information technology for which the organizer of the Conference is very 
grateful.

On behalf of the Organizing Committee of the Conference, we would like to 
express our gratitude to all domestic and foreign authors as well as to the members of 
referee teams for their reviews. 

In Banja Luka, 20 May 2015  Chairman of the Organizing Committee
    Prof. Vid Jovišević, PhD
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PREDGOVOR

Savremeni razvoj društva nameće potrebu stalnog povećanja produktivnosti i kvaliteta 
proizvodnje u svim industrijskim granama. U oblasti elektrotehnike, mašinstva i infor-
matike to posebno dolazi do izražaja u osnovnim proizvodnim procesima i u proce-
sima inženjerske djelatnosti. U posljednjim decenijama ostvaren je intenzivan razvoj 
novih tehnika i tehnologija i njihove sve veće primjene u proizvodnim sistemima. 

Savremena proizvodnja  je danas kompjuterski integrisana primjenom program-
skih sistema koji omogućuju simultano projektovanja proizvoda i tehnoloških procesa, 
i postizanje potpune integracije /CAD/CAPP/CAM/ projektovanja i proizvodnje.

Ova dostignuća u industrijski razvijenim zemljama moguće je dostići  intezivira-
njem domaćih napora u oblasti obrazovne, naučno-istraživačke i razvojne djelatnosti, 
što se ostvaruje prikazivanjem na ovoj Konferenciji najvrednijih rezultata koji su po-
stignutu proteklih godina.

Konferencija DEMI predstavlja vodeći skup za prezentaciju novih rezultata istra-
živanja i razvoja u oblasti elektrotehnike, mašinstva i informatike. Cilj konferencije 
DEMI2015 je da se prikažu naučna i stručna dostignuća i mogućnosti njihove pri-
mjene, da se odrede pravci daljeg istraživanja i razvoja u cilju podizanja tehnološkog 
nivoa industrije uvođenjem novih tehnologija

Konferencija obuhvata sljedeće tematske oblasti:

•	 Proizvodne i računarom podržane tehnologije
•	 Energetika i termotehnika
•	 Mehanika i konstrukcije
•	 Mehatronika i informatika
•	 Automobilski i saobraćajni inžinjering
•	 Kvalitet i ekologija
•	 Održavanje tehničkih sistema i inženjerstvo zaštite radne sredine

Na Konferenciji će biti izloženo ukupno 117 rada. Iz 9 inostranih zemalja je prija-
vljeno 89 radova, što ukazuje na međunarodni karakter Konferencije.

Konferencija DEMI2015 je prilika za okupljanje istraživača i inženjera sa akadem-
ske zajednice i industrije, u cilju razmjene iskustava i definisanja stanja u oblasti indu-
strije i stvaranja preduslova za razvoj novih kapaciteta i ambijenta za nove investicije.

Ministarstvo nauke i tehnologije Republike Srpske je svojom podrškom omogućilo 
organizovanje ove Konferencije, što daje doprinos unapređenju naučno-istraživačke i 
razvojne djelatnosti u oblasti elektrotehnike, mašinstva i informatike, na čemu im se 
organizator Konferencije zahvaljuje.

U ime Organizacionog odbora Konferencije posebno se zahvaljujemo svim doma-
ćim i stranim autorima, kao i članovima recezentskog tima na izvršenim recenzijama.

U Banjoj Luci, 20.05.2015. godine  Predsjednik organizacionog odbora
       Prof. dr Vid Jovišević
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IMPROVING ENERGY EFFICIENCY OF DATA CENTRES 

Sevde Stavreva1, Cvete Dimitrieska, Igor Andreevski, Sanja P. Vasilevska, 
Elizabeta Hristovska2 

Summary: Great energy consumption and costs incurred by data centres are a huge 
incentive to find ways to reduce them. In a typical data centre, nearly one half of the 
energy consumed goes to supporting data-com equipment, and the other half is used by 
support systems. Hence, increasing the energy efficiency of data centres is a challenge. 

This paper discusses the possibilities for improving the energy efficiency of air 
conditioning systems and ventilation by integrating best tested devices, with special 
emphasis on the management and control system for air conditioning and ventilation. 
Key words: data centre, control system, energy efficiency, conditioning and ventilation 

1. INTRODUCTION  

The air-conditioning system should provide ventilation, filtration, cooling and 
dehumidification, humidification and heating of the air; to operate continuously 
throughout the year and to be flexible if an expansion is required without interrupting the 
operation of the data centre. Its work, servicing and maintenance, must not disrupt the 
operation of the centre.  

The system of ventilation and air conditioning (HVAC) which maintains the 
foreseen operating conditions of the equipment in the data centre which consumes on 
average 38% of the total energy consumption in the data centre (Fig. 1). From that 
perspective, the design of control system for air conditioning and ventilation which 
achieves fast response and reliable operation is the best way to achieve energy-efficient 
control and reduce the cost of HVAC system. 

2. MANAGEMENT AND CONTROL OF THE AIR-CONDITIONING AND 
VENTILATION SYSTEMS 

A well-designed and maintained control system for air-conditioning and ventilation 
in data-com centres has a significant impact on energy costs of HVAC system. When 

                                                 
1PhD Ass. prof. Sevde Stavreva, Bitola, Faculty of Technical Sciences, Macedonia, 
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Andreevski, igor.andreevski@uklo.edu.mk, PhD Associate prof. Sanja P. Vasilevska, pvsanja@yahoo.com, 
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designing the control system, the goal is to design energy-efficient control solutions which 
optimize energy consumption, without causing any risk for the Data Centre. The control 
system must continuously provide working conditions in Data centre according to the 
Thermal guidelines ASHRAE 2004, and its task is to secure the operation of the equipment 
for air conditioning and ventilation work in sequences or phases which are necessary to 
maintain the operating conditions of the data com equipment 24 hours a day, seven days 
a week.  

The most efficient HVAC system is the one that always complies with the needs 
for data equipment cooling. Using intelligent cooling control systems with the air 
conditioning and ventilation the cooling capacity and the cold airflow is adjusted to the 
current conditions in the data centre, simultaneously carrying out a coordinated 
management of refrigeration unit works, which is of essential importance in optimizing the 
efficiency of the system.  

Efficient operation and saving measures for air conditioning system and ventilation 
are achieved through its components: air distribution control in the data centre, managing 
the air conditioning loop, control of the outside air, controlling the work of the economizers, 
the humidity control, the part-load operation, etc. 

 

Fig. 1 Data-com equipment accounts for over 50% of the energy used while power and 
cooling account for an additional 48% in a traditional data centre 

2.1 Increasing the efficiency of the fans  

The fans are components of the cooling system which consume significant 
amounts of energy. By increasing the efficiency of the fans the efficiency of the air 
conditioning system of the data centre is increased. Using variable frequency drives 
significantly reduces energy consumption compared with fixed-speed fans. The addition 
of variable frequency drives to the fan motors enables fan speed and power to be reduced 
inconformity with the reduction of the load. 20 percent reduction of fan speed allows almost 
50 percent savings in the fan power consumption.  
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The use of electronically commutated fans makes possible the increase of the 
cooling unit energy efficiency. Electronically commutated fans are more efficient than 
centrifugal fans, because they eliminate the zone of losses, which runs up to about five 
percent. 

2.2 Reduction of cooling unit working hours 

The cooling unit is the largest energy consumer of all HVAC equipment in the centre. 
Significant energy savings can be achieved by reducing the working hours of the cooling 
unit. It requires the installation of structural elements in the design of the cooling system, 
especially in centres that consume large amounts of energy. Besides the use of 
equipment with greater energy efficiency in the cooling system, a method of reducing 
the working hours of the equipment should be incorporated. Therefore whenever the 
conditions allowed free cooling- option should be used. Both types of economizer which 
can reduce the working hours of the cooling device are the following: the air-side 
economizers and the fluid-side economizers (often called water-side). 

Economizers achieve major savings in areas where temperatures are lower, but if 
properly designed, they can achieve significant savings also in warmer climates. The 
system of economizers using outside air provide "free-cooling" cycles. This reduces or 
eliminates the work of the chiller and the operation of the compressor in the precision 
cooling units, allowing the economizers` system cooling unit to generate savings from 
30 to 50 percent, depending on the average temperature and humidity of the 
environment. 

A fluid-side economizer works in conjunction with a heat rejection loop comprising 
an evaporative cooling tower or dry-cooler to satisfy cooling requirements. It uses 
outside air to aid heat rejection, but does not introduce outside air into the data center. 

2.3 Air distribution control system 

The right solution and control system for air distribution in data centres is one of 
the major factors for achieving the prescribed conditions for the data centre or the data-
com equipment. To provide effective cooling the air distribution has to be appropriate to 
the thermal load. The distribution systems should be sufficiently flexible to be able to 
adapt to changes and to sizes of thermal loads.  The flexibility and reserves can be 
achieved using the system of distribution with variable air flow (VAV), by introducing 
oversized systems, by cross-linking of complex systems, and by providing equipment 
which does not operate and is in working condition.  

Using a system with variable airflow and its proper control can be provided if 
additional capacity is ensured if necessary, and the system will work with values of the 
temperature and air flow which are suitable for the regulation of the optimum temperature 
and humidity in the data centre simultaneously reducing the energy consumption for fan 
operation, and the need for additional heating. 

2.4 Managing the air conditioning loop 

Especially significant is the appropriate choice of the heated air flow paths, and 
its discharge from the data centre. The recirculation and mixing of the heated discharged 
air and cold supply air, negatively impact the achievement of the necessary work 
conditions of data-com equipment. The short circuit of the cold air (its untimely return to 
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the air conditioning system) without passing through releasing heat data-com 
equipment, can significantly affect the performance and energy efficiency of the air 
conditioning equipment. It is recommended to apply date equipment in hot / cold aisle 
arrangement in order to reduce the mixing of cold supply air and warm air return. This 
date equipment arrangement contributes to the temperature increase of the supplied 
cold air in the room, that is, makes it easier to achieve the recommended (ASHRAE 
guidelines 2004). The aim is to ensure an adequate supply of cold air to the front of the 
data-com equipment, i.e. in the cold aisles and the removal of hot air, which is discharged 
at the rear of the equipment, to wit, off the warm aisles. Typical data centres have high 
thermal loads, and despite the hot / cold aisles arrangement of the equipment, a part of 
the warm air flows towards the cool aisles, making it difficult to maintain the designed 
data equipment working conditions. Therefore it is essential to separate the cold from 
the warm air, and its discharge into the air-conditioning equipment. 

The physical barrier separating the warm from cold air is necessary in order to 
maximize the scope of separation. Anyone of the following three approaches - partition 
of the cold aisle, of the hot aisle and of the rack- could provide a physical separation, 
whereby each of them has its advantages and limitations. 

Partitioning of the cold aisle allows cold air containment in the individual aisles, 
by means of physical barriers on the upper part and on the sides of the aisles. The barrier 
prevents mixing of warm air at the outlet from the data equipment with the cold air, thus 
providing a uniform temperature at the inlet to data equipment. The supplied air 
temperature can be reset to a higher value because the inlet air temperature to data 
equipment will be equal to that of the supplied air. The increased temperature of the 
supplied air will yield greater working efficiency of the cooling devices and will increase 
the free cooling time. Of course, the required amount of airflow will also be reduced 
leading to lower direct energy consumption for air recirculation. For high-density data 
centre a full enclosure of the cold aisles is recommended, making it easier to achieve 
the cooling capacity matching the thermal load of the data equipment. 

In the warm aisle partition design, the whole data centre save the cold aisles, is 
exposed to the hot air from data equipment, and is approximately with the same 
temperature as the temperature of the discharge air at the outlet from the data equipment 
which is usually higher 11 to 22°C than the inlet air temperature to data-com equipment. 
Therefore, the need for containing the warm air within the warm aisles, and to open the 
rest of the data centre to the supply of cold air. 

The partition of the racks is similar to the partition of cold and hot aisles, but it is 
implemented in the individual racks. The partition of the racks provides special paths for 
the entry of cold air and the discharge of hot air, thereby hindering the mixing of warm 
and cold air. The partition of the racks has its advantages, since the rack is the smallest 
unit in the data centre which can be placed anywhere, without strictly observing the need 
for hot/cold aisles arrangement.  

Another possibility is the overheat space to be used as a plenum for hot air, 
wherefrom the warm air flows back towards the air conditioning units. 

2.5 Control of outdoor air 

In order to control the pressure and humidity in the premises of the data centre, 
it is necessary to install a system for control of the outside air. The main moisture load 
usually comes from infiltration, therefore the employed system for supply of external air 
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brings premises in a pressurized condition, thus preventing the infiltration of outside air, 
as well as meeting all the requirements for humidification and dehumidification exerted 
by it. 

2.6 Part – load operation control 

To develop an effective control of part- load operation sequence for the central 
cooling plant it is particularly important due to the oscillation of the thermal loads in the 
Data Centre. 

The part load operation of the data centre offers considerable energy savings 
due to reduced and more efficient compressor operation, either in the plant with cooling 
water or in the special cooling units. When choosing the cooling devices for Data centres 
it the operating range in which they will work should be borne in mind, taking into account 
working with duplicated cooling devices, and the fact that the cooling devices will often 
work with low capacity although they are dimensioned to match peak loads in the data 
centre. 

3. CONCLUSION 

Although security in the operation of data centres is a priority, significant energy 
reductions can be achieved without thereby reducing the reliability. Significant energy 
savings can be achieved by carefully implementing the free cooling plants and variable 
frequency drives by controlling the air- distribution system in the data centre, by managing 
the air conditioning loop, by controlling of the outside air, by regulating the work of air and 
fluid economizers, and by monitoring the humidity and part-load operation. 
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