
Figure 1. Chiller’s sales evolution in MkW, EU 28 – 2014.

Keywords: Chiller, Dry Cooler, Energy 
efficiency, Certification

Increased energy efficiency through 
certification

Energy efficiency is currently one of the most impor-
tant subjects in the HVAC&R industry. When using a 
certified chiller with a separately installed condenser or 
recooler, it is very advisable also to use a certified product 
in order to reach the maximum energy efficiency. 

Eurovent Certita Certification (ECC) started 
the Certification Programme for Liquid Chilling 
Packages (Chillers) in 1996. The programme applies 
to standard chillers used for air conditioning and 
refrigeration. In 2006 the ESEER -European Seasonal 
Energy Efficiency Ratio - was implemented. By the 
publication of the certified data on the ECC website 
www.eurovent-certification.com the average chiller 
efficiency is comparable. 

Chiller Construction Types
Water cooled chillers are built with plate and tube 
bundle heat exchangers as condensers. Hereby the heat 
is being dissipated into the ambient air by a recooler 
in the secondary cycle. If the heat is being dissipated 
directly into the ambient air by a condenser, the system 
is called air cooled chiller. These are classified as either 
compact chiller for outdoor use with integrated air 
cooled condenser or chiller split system with an air 
cooled condenser for outdoor installation. Today, in 
most cases compact air cooled chillers are used. 

Chiller Market
Most chillers are certified by Eurovent Certita 
Certification . Currently 33 chiller manufacturers 
participate in the Certification Programme. The 
chillers’ sales evolution in the EU in the past 9 years is 
shown in Figure 1.
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The EU sales proportion according to construction 
type and size is shown in Figures 2 and 3 [1].

In the following the energy consumption of the 
complete system water cooled chiller plus dry cooler 
is considered. Thereby the influence of the dry cooler’s 
capacity on the energy efficiency of the complete system 
is shown. 

On the initiative of the ECC certified heat exchanger 
manufacturers, the performance of 9 heat exchangers 
manufactured by 7 European companies not partici-
pating in the Eurovent certification programme was 
tested in an independent test facility between 2004 and 
2008. A comparison of the performance data tested 
with the values published in the manufacturers’ product 
literature resulted in a capacity reduction up to 37% 
[2].

Calculation Model
A Eurovent certified water cooled chiller of Eurovent 
energy efficiency class B used for air conditioning 
(cooling only) is considered. The cooling capacity of 
1000 kW at full load and ambient temperature 35°C 
is provided by two screw compressors using refrigerant 
R134a. The evaporator is cooling down water from 
12°C to 7°C. In the simplified model it is assumed 
that the temperature difference between condensing 
temperature and ambient temperature is fixed 12 K. 
The condenser is heating up the secondary fluid 
which is recooled by a dry cooler. In the dry cooler the 
secondary fluid is cooled down by 5 K to a tempera-
ture which is 5 K above the ambient temperature. The 
pump power of the secondary fluid is not considered. 
The study is comparing the efficiency of the chiller plus 
certified dry cooler with the chiller plus a non-certified 
dry cooler having a capacity gap of 25%. At full load 
the non-certified dry cooler is causing a 2.5 K higher 
condensing temperature of the chiller. At 75%, 50% 
and 25% part load operation the AC fans’ speed of the 
non-certified dry cooler is raised to achieve the same 
condensing temperature as when using the certified dry 
cooler. By the calculation of the ESEER value of the 
complete system the energy efficiency is compared. 

Results
The dry cooler fan power consumption is within 
the range of 10% and 20% of the total system’s 
power consumption at the different load conditions 
(Figure 4).

Figure 2. Chillers’ sales by construction type (shares in 
cooling capacity, kW), EU 28 – 2013.

Figure 3. Chillers’ sales by cooling capacity (shares in 
number), EU 28 – 2013.

Figure 4. power consumption of the total system 
chiller plus dry cooler (kW).

Water cooled
31%

Air cooled 
ducted

2%

Air cooled 
non-ducted

65%

Condenserless
3%

71 %

21 %

5 % 3 %

Chillers' Sales 
by Size (number)

< 50 kW

50 < 350 kW

350 < 700 kW

< 50 kW
83%

50 - 350 kW
13%

350 - 700 Kw
3%

> 700 kW
1%

85 %

15 %

Power Consumption of System 
Chiller plus Dry Cooler (kW)

chiller

dry cooler

REHVA Journal – March 201532

Articles



Figure 5 shows the EER of the total system with the two 
different dry coolers. The ESEER value of the system 
using a dry cooler with capacity gap is 4.6% lower due 
to the higher power consumption of the chiller at full 
load and the higher power consumption of the fans of 
the dry cooler at part load operation.

For the City of Milan the annual energy saving of the 
chiller system using a dry cooler obtaining the designed 
capacity is around 20 000 kilowatt-hours at calculated 
3 542 operating hours. At energy costs of 0.15 € per 
kilowatt-hour the saving in energy costs will be around 
3 000 € per year. Assuming that a non-certified dry 
cooler may be 10% cheaper the payback time is less 
than 1.7 years and every year annual savings in oper-
ating costs will be achieved. Additionally capacity gains 
or benefits when for example operating with free cooling 
are possible. For chillers with longer operating hours or 

chillers designed for process cooling the payback time 
will be even shorter.

Conclusions
The paper showed how important it is to use certified 
components and systems. Correct performance data for 
heat exchangers are absolutely essential, because they 
influence the energy efficiency of the entire system. In 
the study a water cooled chiller recooled by a dry cooler 
with a capacity gap of 25% was causing 4.6% higher 
energy costs. 

Figure 5. EEr of system chiller plus dry cooler at different load.
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REHVA Guidebook on 
Legionellosis prevention
Legionellosis Prevention in Building Water and HVAC Systems

a practical guide for design, operation and maintenance to minimize 
the risk of legionellosis in building water and HVaC systems.
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Improving the ventilation effectiveness allows the indoor air quali-
ty to be significantly enhanced without the need for higher air 
changes in the building, thereby avoiding the higher costs and 
energy consumption associated with increasing the ventilation 
rates. This Guidebook provides easy-to-understand descriptions 
of the indices used to mesure the performance of a ventilation 
system and which indices to use in different cases. 

NO: 2NO: 2  

Chilled beam systems are primarily used for cooling and ventila-
tion in spaces, which appreciate good indoor environmental quali-
ty and individual space control. Active chilled beams are con-
nected to the ventilation ductwork, high temperature cold water, 
and when desired, low temperature hot water system. Primary air 
supply induces room air to be recirculated through the heat ex-
changer of the chilled beam. In order to cool or heat the room 
either cold or warm water is cycled through the heat exchanger. 

NO: 5NO: 5  

Indoor Climate and Productivity in Offices Guidebook shows how 
to quantify the effects of indoor environment on office work and 
also how to include these effects in the calculation of building 
costs. Such calculations have not been performed previously, 
because very little data has been available. The quantitative 
relationships presented in this Guidebook can be used to calcu-
late the costs and benefits of running and operating the building. 

NO: 6NO: 6  

This Guidebook describes the systems that use water as heat-
carrier and when the heat exchange within the conditioned space 
is more than 50% radiant. Embedded systems insulated from the 
main building structure (floor, wall and ceiling) are used in all 
types of buildings and work with heat carriers at low temperatures 
for heating and relatively high temperature for cooling. 

NO: 7NO: 7  

Cleanliness of ventilation systems Guidebook aims to show that 
indoor environmental conditions substantially influence health and 
productivity. This Guidebook presents criteria and methods on 
how to design, install and maintain clean air handling systems for 
better indoor air quality. 

NO: 8NO: 8  

Hygiene requirement is intended to provide a holistic formulation of 
hygiene-related constructional, technical and organisational requi-
rements to be observed in the planning, manufacture, execution, 
operation and maintenance of ventilating and air-conditioning 
systems. These requirements for ventilating and air-conditioning 
systems primarily serve to protect human health. 

NO: 9NO: 9  

CFD-calculations have been rapidly developed to a powerful tool 
for the analysis of air pollution distribution in various spaces. 
However, the user of CFD-calculation should be aware of the 
basic principles of calculations and specifically the boundary 
conditions. Computational Fluid Dynamics (CFD) – in Ventilation 
Design models is written by a working group of highly qualified 
international experts representing research, consulting and de-
sign.  

NO: 10NO: 10  

Air filtration Guidebook will help the designer and user to unders-
tand the background and criteria for air filtration, how to select air 
filters and avoid problems associated with hygienic and other 
conditions at operation of air filters. The selection of air filters is 
based on external conditions such as levels of existing pollutants, 
indoor air quality and energy efficiency requirements. 

NO: 11NO: 11  

Solar Shading Guidebook gives a solid background on the phy-
sics of solar radiation and its behaviour in window with solar 
shading systems. Major focus of the Guidebook is on the effect of 
solar shading in the use of energy for cooling, heating and ligh-
ting. The book gives also practical guidance for selection, installa-
tion and operation of solar shading as well as future trends in 
integration of HVAC-systems with solar control. 

NO: 12NO: 12  

School buildings represent a significant part of the building stock 
and also a noteworthy part of the total energy use. Indoor and 
Energy Efficiency in Schools Guidebook describes the optimal 
design and operation of schools with respect to low energy cost 
and performance of the students. It focuses particularly on ener-
gy efficient systems for a healthy indoor environment. 

NO: 13NO: 13  

This new REHVA Guidebook gives building professionals a 
useful support in the practical measurements and monitoring of 
the indoor climate in buildings. Wireless technologies for mea-
surement and monitoring has allowed enlarging significantly 
number of possible applications, especially in existing buildings. 
The Guidebook illustrates with several cases the instrumentation 
for the monitoring and assessment of indoor climate. 

NO: 14NO: 14  

This guidebook is focused on modern methods for design, control 
and operation of energy efficient heating systems in large spaces 
and industrial halls. The book deals with thermal comfort, light and 
dark gas radiant heaters, panel radiant heating, floor heating and 
industrial air heating systems. Various heating systems are illus-
trated with case studies. Design principles, methods and modeling 
tools are presented for various systems. 

NO: 15NO: 15  

This guidebook talks about the interaction of sustainability and 
Heating, ventilation and air–conditioning. HVAC technologies used 
in sustainable buildings are described. This book also provides a 
list of questions to be asked in various phrases of building’s life 
time. Different case studies of sustainable office buildings are 
presented.  NEW 
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