
ECODESIGN Lot 10 Draft of Chapter 4 
 

1 

 
 

Service Contract to DGTREN 
 

Preparatory study on the environmental performance of 
residential room conditioning appliances (airco and ventilation) 

 
Contract TREN/D1/40-2005/LOT10/S07.56606 

 
Draft report of Task 4 

March 2009 
 

TECHNICAL ANALYSIS OF EXISTING PRODUCTS 
 

 
CO-ORDINATOR: Philippe RI VIERE, ARMINES, France 

 

     PARTICIPANTS   
 

  Jérôme ADNOT, Laurent GRIGNON-MASSE, Sébastien LEGENDRE,  

 Dominique MARCHIO, Guillaume NERMOND, 

 Sri RAHIM, Philippe RIVIERE                              

ARMINES, France 

 

Philippe ANDRE, Laurie DETROUX, Jean LEBRUN, Julien L’HOEST, Vladut TEODOROSE 

 Université de Liège (ULg), Belgium 

 

José Luis ALEXANDRE, Emanuel SA 

 IDMEC, University of Porto,  Faculty of Eng., Portugal. 

 

Georg BENKE, Thomas BOGNER 

Austrian Energy Angency, Austria 

 

Amanda CONROY, Roger HITCHIN, Christine POUT, Wendy THORPE 

 BRE, UK 

 

Stavroula KARATASOU 

IASA, Greece 

 

Legal disclaimer 
 
The sole responsibility for the content of this report lies with the authors. It does not represent the 
opinion of the European Community. The European Commission is not responsible for any use that 
may be made of the information contained therein. 



ECODESIGN Lot 10 Draft of Chapter 4 
 

2 

 
CONTENTS 
 
1 DEFINITION OF PRODUCTS, STANDARDS AND LEGISLATION ............................................. 8 
2 ECONOMIC AND MARKET ANALYSIS ......................................................................................... 8 
3 CONSUMER BEHAVIOUR AND LOCAL INFRASTRUCTURE .................................................... 8 
4 TECHNICAL ANALYSIS EXISTING PRODUCTS .......................................................................... 9 

INTRODUCTION.................................................................................................................................... 9 
4.1 AIR CONDITIONERS GENERIC TECHNICAL DESCRIPTION........................................................... 10 

4.1.1 Air conditioning and heat pump thermodynamic cycle ..................................................... 10 
4.1.2 Refrigerant fluid................................................................................................................. 12 
4.1.3 Compressor........................................................................................................................ 18 
4.1.4 Heat exchangers ................................................................................................................24 
4.1.5 Fans ................................................................................................................................... 33 
4.1.6 Expansion device ...............................................................................................................35 
4.1.7 Reversibility ....................................................................................................................... 37 
4.1.8 Control............................................................................................................................... 38 
4.1.9 Other parts......................................................................................................................... 38 
4.1.10 Noise .................................................................................................................................. 38 

4.2 PRODUCTION PHASE................................................................................................................. 43 
4.3 DISTRIBUTION PHASE............................................................................................................... 45 
4.4 USE PHASE PRODUCT................................................................................................................ 46 

4.4.1 Energy use ......................................................................................................................... 46 
4.4.1.1 Standard energy efficiency ....................................................................................................................... 46 
4.4.1.2 Variation of performances with source conditions ................................................................................... 48 
4.4.1.3 Variation of performances with load ratio ................................................................................................ 56 

4.4.2 Refrigerant use................................................................................................................... 61 
4.4.3 Water use ........................................................................................................................... 61 

4.5 USE PHASE (SYSTEM)................................................................................................................ 62 
4.5.1 Heating and cooling energy need calculations.................................................................. 62 

4.5.1.1 Building Energy Simulation ..................................................................................................................... 62 
4.5.1.2 Building Description................................................................................................................................. 62 
4.5.1.3 Energy Simulation Software..................................................................................................................... 66 
4.5.1.4 Weather Data ............................................................................................................................................ 67 
4.5.1.5 Analysis of heating and cooling need results............................................................................................ 70 
4.5.1.6 Sizing – Preliminary analysis ................................................................................................................... 79 

4.5.2 Energy consumption .......................................................................................................... 84 
4.5.2.1 Analysis of energy consumption results ................................................................................................... 84 
4.5.2.2 Sales weighted average results for EU 27................................................................................................. 88 
4.5.2.3 Seasonal performance indices................................................................................................................... 93 
4.5.2.4 Energy consumption computed from seasonal performance indices, split base cases ............................ 102 

4.6 END-OF-LIFE PHASE................................................................................................................ 103 
CONCLUSION.................................................................................................................................... 104 

Appendix A: Testing and modelling of air conditioner performances ......................................... 105 
A.1) Description of the calorimetric test bench......................................................................................................... 105 
A.2) Testing of specific units .................................................................................................................................... 114 
A.3) Modeling of the performances of the units tested ............................................................................................. 119 

Appendix B: Seasonal performance indices................................................................................. 138 
B.1) Average operating conditions computed in task 4............................................................................................. 138 
B.2) Seasonal performance factor in heating mode................................................................................................... 157 
B.3) Seasonal Energy Efficiency Ratio in cooling mode .......................................................................................... 165 
B.4) Hours and parasitic consumptions..................................................................................................................... 173 

REFERENCES .................................................................................................................................... 177 
R4-TECHNICAL ANALYSIS EXISTING PRODUCTS............................................................................ 177 

 
 
 
 



ECODESIGN Lot 10 Draft of Chapter 4 
 

3 

LIST OF FIGURES 
 
Figure 4-1: Air conditioner schematic diagram, thermodynamic cycles in diagrams LnP – H and T-S 
of air conditioning cycle........................................................................................................................ 11 
Figure 4-2: HCFC phase-out timetable ................................................................................................. 12 
Figure 4-3: Cooling capacity (kW) and coefficient of performance of different fluids (Kim, 2000) ... 15 
Figure 4-4: Refrigerant type of single split air conditioners cooling only and reversible, (Eurovent, 
2006)...................................................................................................................................................... 16 
Figure 4-5: Refrigerant charge as a function of capacity of single split air conditioners cooling only 
and reversible, (Eurovent-tech, 2006) ................................................................................................... 16 
Figure 4-6: Refrigerant type of multi split air conditioners cooling only and reversible, (Eurovent, 
2006)...................................................................................................................................................... 17 
Figure 4-7: Compression cycle in rotary fix-vane compressor (FSCC, 2007) ...................................... 18 
Figure 4-8: Compression cycle in scroll compressor (ACE, 2007)....................................................... 19 
Figure 4-9: Compression cycle in reciprocating compressor (Remotelab, 2007) ................................. 19 
Figure 4-10: Typical performance curves (Total efficiency –ET and Volumetric efficiency EV) of a 
scroll compressor for air conditioning application (optimum compression ratio around 3) ................. 21 
Figure 4-11: COP of performance of an inverter driven rotary compressor as a function of frequency 
for different couples (evaporating temperature, condensing temperature)............................................ 23 
Figure 4-12: Fin-and-tube lay-out and geometrical parameters (WAN, 1999) ..................................... 26 
Figure 4-13: Various fin types with round tubes (Wang, 2002); a) Plate fins ; b) Herringbone wavy 
fins ; c) Smooth wavy fins; Louver fins with redirection louvers ; e) Slit fins ; f) Double side slit fins27 
Figure 4-14: Heat exchangers with louver fins and flat tubes; a) Geometrical parameters (Chang, 2000) 
; b) Corrugated louvered fins; c) Corrugated fins, triangular channels ; d) Plate fins and flat tubes 
(Chang, 1997)........................................................................................................................................ 28 
Figure 4-15: Louvered fin-and-tube heat exchanger (Wang, 2000)...................................................... 28 
Figure 4-16: Smooth and Grooved tubes (ECCJ, 2006)........................................................................ 29 
Figure 4-17: Plate heat exchanger principle, source Alphalaval ........................................................... 30 
Figure 4-18: type of tube interior design for indoor and outdoor air heat exchangers (Eurovent-tech, 
2006) for single split units..................................................................................................................... 30 
Figure 4-19: type of fin design for indoor and outdoor air heat exchangers (Eurovent-tech, 2006) for 
single split units..................................................................................................................................... 31 
Figure 4-20: type of tube interior design for indoor and outdoor air heat exchangers (Eurovent-tech, 
2006) for single split units..................................................................................................................... 31 
Figure 4-21: type of fin design for indoor and outdoor air heat exchangers (Eurovent-tech, 2006) for 
multi split units...................................................................................................................................... 32 
Figure 4-22: type of tube interior design for indoor and outdoor air heat exchangers (Eurovent-tech, 
2006) for window/wall air conditioners ................................................................................................ 32 
Figure 4-23: type of fin design for indoor and outdoor air heat exchangers (Eurovent-tech, 2006) for 
window/wall air conditioners ................................................................................................................ 33 
Figure 4-24: Different types of fans (Cory, 1992) ................................................................................ 34 
Figure 4-25: Fans used in single split air conditioners.......................................................................... 34 
Figure 4-26: Fans used in multi-split air conditioners........................................................................... 35 
Figure 4-27: Electronic expansion valve (ECCJ, 2006) ........................................................................ 36 
Figure 4-28: indoor and outdoor noise of single split air conditioners ................................................. 39 
Figure 4-29: indoor and outdoor noise of multi split air conditioners................................................... 39 
Figure 4-30: indoor and outdoor noise of window/wall air conditioners .............................................. 40 
Figure 4-31: noise of single duct air conditioners ................................................................................. 40 
Figure 4-32: noise of mobile split air conditioners ............................................................................... 41 
Figure 4-33: noise intensity of reversible single split air conditioners – Pc < 6 kW............................. 41 
Figure 4-34: noise intensity of reversible single split air conditioners – Pc > 6 kW............................. 41 
Figure 4-35: noise intensity of reversible multi split air conditioners – Pc > 6 kW.............................. 42 
Figure 4-36: Material content for single split units in percentage......................................................... 43 
Figure 4-37: Variation of material content with cooling capacity for reversible single split units ....... 44 



ECODESIGN Lot 10 Draft of Chapter 4 
 

4 

Figure 4-38: Standard test conditions for air conditioners (EN 14511, 2004) ...................................... 47 
Figure 4-39: Typical variation of cooling capacity, EER and SHR for an average single split unit, 
source (Consoclim, 2004)...................................................................................................................... 49 
Figure 4-40: COP and heating capacity variation of air source heat pumps with outdoor air 
temperature and humidity (Schibuola, 2000) ........................................................................................ 51 
Figure 4-41: Ratio of COP and heating capacity (CAP) variation of air source reversible air 
conditioners in heating mode with outdoor air temperature and humidity in comparison of standard 
COP and heating capacity in H1 conditions; sources (Eurovent-tech, 2006), (SP, 2005) and (JRAIA, 
2007). Nota: heating max COP and CAP figures are independent, e.g max curves do not refer to the 
same unit. .............................................................................................................................................. 52 
Figure 4-42:  Indoor unit heating capacity as a function of indoor and outdoor air temperature-heating 
mode...................................................................................................................................................... 53 
Figure 4-43: air conditioner COP as a function of indoor and outdoor air temperature-heating mode. 54 
Figure 4-44: Performances variations of the single duct unit with variation of indoor air temperature at 
full load, relative humidity is set constant at 47 %................................................................................ 55 
Figure 4-45: Part load degradation as a function of pr (=Cc) for 1 %, 2 % and 3 % of nominal full load 
compressor input, source (Henderson, 2000) with Cd = 0.25 ............................................................... 58 
Figure 4-46: Degradation performance curve as modelled with Cd and in case of parasitic losses 
(Dougherty, 2002) ................................................................................................................................. 59 
Figure 4-47: Part load performances of inverter driven air to air heat pumps (SP, 2005) .................... 59 
Figure 4-48: Part load performances of inverter driven air to air heat pumps (SP, 2005) .................... 60 
Figure 4-49: Monthly average daily ambient temperature for three climates ....................................... 68 
Figure 4-50: Monthly average minimum daily ambient temperature for three climates....................... 68 
Figure 4-51: Average global solar radiation for three climates............................................................. 68 
Figure 4-52: Average daily humidity for three climates ....................................................................... 69 
Figure 4-53: Cooling needs according to the different building types .................................................. 74 
Figure 4-54: Heating needs according to the different building types .................................................. 74 
Figure 4-55: Difference between cooling needs in new and existing office buildings ......................... 75 
Figure 4-56: Difference between heating needs in new and existing office buildings.......................... 75 
Figure 4-57: Comparison between cooling needs of a single duct air conditioner and a split air 
conditioner in office buildings .............................................................................................................. 76 
Figure 4-58: a) Load curves in cooling mode for offices in the three countries – b) Weighting curves in 
cooling mode for offices in three countries........................................................................................... 77 
Figure 4-59: a) Load curves in cooling mode for residences in the three countries – b) Weighting 
curves in cooling mode for residences  in three countries..................................................................... 77 
Figure 4-60: a) Load curves in cooling mode for retails in the three countries – b) Weighting curves in 
cooling mode for retails  in three countries ........................................................................................... 78 
Figure 4-61: a) Load curves in heating mode for offices in the three countries – b) Weighting curves in 
heating mode for offices in three countries ........................................................................................... 78 
Figure 4-62: a) Load curves in heating mode for residences in the three countries – b) Weighting 
curves in heating mode for residences in three countries...................................................................... 78 
Figure 4-63: a) Load curves in heating mode for retails in the three countries – b) Weighting curves in 
heating mode for retails in three countries ............................................................................................ 79 
Figure 4-64: Sizing zones in Europe ..................................................................................................... 82 
Figure 4-65: Resistive heating energy share compared to total heating demand in existing offices..... 83 
Figure 4-66: Resistive heating energy share compared to total heating demand in new retails............ 83 
Figure 4-67: Yearly electric consumption for a 3.5 kW cooling only split system in residences ......... 84 
Figure 4-68: Yearly electric consumption for a 3.5 kW cooling only split system in offices............... 85 
Figure 4-69: Yearly electric consumption for a 3.5 kW cooling only split system in retails ................ 85 
Figure 4-70: Yearly electric consumption for a 3.5 kW reversible split system in offices ................... 86 
Figure 4-71: Yearly electric consumption for a 3.5 kW reversible split system in Residences ............ 86 
Figure 4-72: Yearly electric consumption for a 3.5 kW reversible split system in Retails ................... 87 
Figure 4-73: Yearly electric consumption for a 2.2 kW single duct system in Offices ........................ 87 
Figure 4-74: Yearly electric consumption for a 2.2 kW single duct system in Residences .................. 88 
Figure 4-75: Yearly electric consumption for a 2.2 kW single duct system in Retails ......................... 88 



ECODESIGN Lot 10 Draft of Chapter 4 
 

5 

Figure 4-76: SEER for the five base cases ............................................................................................ 93 
Figure 4-77: SCOP for the two reversible base cases ........................................................................... 93 
Figure 4-78: Resistive part compared to total heating demand in existing offices ............................... 95 
Figure 4-79: Resistive part compared to total heating demand in new retails....................................... 95 
Figure 4-80: Resistive part compared to total heating demand in existing offices ............................... 95 
Figure 4-81: Resistive part compared to total heating demand in existing offices ............................... 96 
Figure 4-82: Ratio of the resistive part to the total heating demand, EU average 2010........................ 97 
Figure 4-83: Correlation of the ratio between resistive heating to the total heating demand as a 
function of minimum temperature and capacity loss at – 7 °C, EU average 2010................................ 98 
 
LIST OF TABLES 
 
Table 4-1: Global warming potential of some refrigerants, for 100 year integration, regulation 
EC/842/2006. (*) Reference of MEEuP for GWPs is the IPPC 2001 third assessment report, but no 
value is available for R290 whose GWP is low and exact value varying between 3 and about 20 
depending on references........................................................................................................................ 13 
Table 4-2: Performance comparison of different refrigerants for a standard air conditioning cycle 
(Devotta, 2001)...................................................................................................................................... 14 
Table 4-3: Fans used in window/wall air conditioners.......................................................................... 35 
Table 4-4: Expansion device types of single split, multi-split and window/wall air conditioners ........ 36 
Table 4-5: Average material content of split and multi-split air conditioners....................................... 44 
Table 4-6: Standard performances for air conditioners, miscellaneous sources ................................... 47 
Table 4-7: Default capacity and efficiency values of base cases, as determined in task 5.................... 48 
Table 4-8: Identified categories of different Cd values, (Dougherty, 2002) ......................................... 57 
Table 4-9: Possible default Cd values for central air conditioners in the US, (Dougherty, 2002) ........ 57 
Table 4-10: Part load performances of inverter at 50 % load ratio, (JRAIA, 2007) ............................. 60 
Table 4-11: Construction, Internal Load and cooling equipment characteristics for Residence........... 63 
Table 4-12: Construction, Internal Load and cooling equipment characteristics for Office ................. 63 
Table 4-13: Construction, Internal Load and cooling equipment characteristics for retail ................... 64 
Table 4-14: U values for old and new construction in different climates ............................................. 64 
Table 4-15:  Internal Gains.................................................................................................................... 65 
Table 4-16: Schedules for shop ............................................................................................................. 65 
Table 4-17: Schedules for office ........................................................................................................... 66 
Table 4-18: Schedules for residences.................................................................................................... 66 
Table 4-19: Weather data for climates in European countries, EU 27**** .......................................... 69 
Table 4-20: Residential, Heating - energy consumption, maximal load and coincident temperature 
(heating set back – 15 °C) ..................................................................................................................... 71 
Table 4-21: Residential, Cooling - energy consumption, maximal load and coincident temperature 
(cooling set back – NO)......................................................................................................................... 71 
Table 4-22: Office, Heating – energy need, maximal load and coincident temperature (heating set back 
– 12 °C) ................................................................................................................................................. 72 
Table 4-23: Office, Cooling - energy need, maximal load and coincident temperature (cooling set back 
– NO)..................................................................................................................................................... 72 
Table 4-24: SHOP, Heating - energy need, maximal load and coincident temperature (heating set back 
– 12 °C) ................................................................................................................................................. 73 
Table 4-25: SHOP, Cooling - energy need, maximal load and coincident temperature (cooling set back 
– NO)..................................................................................................................................................... 73 
Table 4-26: Sizes of cooling only split and moveable appliances in W/m2.......................................... 80 
Table 4-27: Sizing hypothesis of reversible split appliances ................................................................ 81 
Table 4-28: Sizes of reversible split appliances, in cooling and heating modes (the ratio between 
heating and cooling rated capacity is constant) ..................................................................................... 83 
Table 4-29: Average EU 27 cooling and heating energy consumption of base cases, kWh/m2/year ... 89 
Table 4-30: Average EU 27 cooling and heating energy consumption per unit, and kW cooling ........ 90 
Table 4-31: Power drawn by base case air conditioners when compressor is off ................................. 91 
Table 4-32: Operating hours by mode................................................................................................... 91 



ECODESIGN Lot 10 Draft of Chapter 4 
 

6 

Table 4-33: Average EU 27 total energy consumption per unit, and kW cooling ................................ 92 
Table 4-34: Impact of the capacity decrease between –7 °C and + 7 °C on resistive heating energy, 
capacity slope ........................................................................................................................................ 96 
Table 4-35: Impact of the minimum temperature on resistive heating energy, minimum temperature 97 
Table 4-36: Impact of the minimum temperature on resistive heating energy, minimum temperature 97 
Table 4-37:  Number of hours of crankcase operation depending on its temperature control .............. 99 
Table 4-38: Summary of hours of operation of the different power modes and seasonal performance 
indices with average EU 27 computed values.....................................................................................100 
Table 4-39: Summary of hours of operation of the different power modes and seasonal performance 
indices with standardized values ......................................................................................................... 101 
Table 4-40: Seasonal cooling performance with detailed calculation and simplified index ............... 102 
Table 4-41: Seasonal heating performance with detailed calculation and simplified index ............... 102 
 
LIST OF TABLES AND FIGURES IN ANNEX 4.1.A 
 
Figure A.1: Electric heater (left) and steam boiler (right)................................................................... 105 
Figure A.2: The cooling-coil of the outdoor calorimeter .................................................................... 106 
Figure A.3: Calorimeters dimensions (in cm) ..................................................................................... 106 
Figure A.4: General view of the calorimeter rooms............................................................................ 107 
Figure A.5: View of the outdoor room................................................................................................ 108 
Figure A.6: Wall: w_in_1 (dimensions given in cm – Scale for the wall: 1/1 – Scale for the layers: 2/1) 
– dimensions and energy flow meter thermocouple position .............................................................. 108 
Figure A.7: Position of the thermocouples at internal face of w_in_1 wood layer ............................. 109 
Table A.1: Estimated heat gains for the wall: w_in_1 ........................................................................ 109 
Figure A.8: Relative humidity transducer (left) and thermocouples column (right)........................... 110 
Figure A.9: Heat flow meters .............................................................................................................. 111 
Table A.2: ISO 5151 test conditions – cooling mode ......................................................................... 114 
Table A.3: Supplementary combinations of test conditions – cooling mode...................................... 114 
Table A.4: ISO 5151 test conditions – heating mode.......................................................................... 115 
Table A.5: Supplementary combinations of test conditions – heating mode ...................................... 115 
Table A.6:Medium class room air-conditioner -Cooling mode test results ........................................ 116 
Table A.7: Medium class room air-conditioner: Heating mode test results ........................................ 117 
Figure A.11: Time evolutions of the air temperatures at supplies and exhausts of the indoor and 
outdoor units, Test n°2 cooling mode ................................................................................................. 118 
Figure A.12: Evaporator and condenser supply and exhaust air temperatures.................................... 118 
Figure A.13: Conceptual scheme of the compressor model................................................................ 122 
Figure A.14:  Refrigerant state through the compressor ..................................................................... 123 
Figure A.16: Simulated room air-conditioner power consumption as function of measured room air-
conditioner power consumption .......................................................................................................... 128 
Figure A.17: Simulated room air-conditioner EER as function of measured room air-conditioner EER
............................................................................................................................................................. 129 
Figure A.18: Simulated outdoor unit heat rejected as function of measured outdoor unit heat rejected
............................................................................................................................................................. 129 
Figure A.19: Simulated indoor unit SHR as function of measured indoor unit SHR ......................... 130 
Figure A.20: Simulated indoor unit heating power as function of measured indoor unit heating power
............................................................................................................................................................. 130 
Figure A.21: Simulated room air-conditioner power consumption as function of measured room air-
conditioner power consumption .......................................................................................................... 131 
Figure A.22: Simulated room air-conditioner EER as function of measured room air-conditioner EER
............................................................................................................................................................. 131 
Figure A.23: Simulated outdoor unit cooling power as function of measured outdoor cooling power
............................................................................................................................................................. 132 
Figure A.24:  Indoor unit cooling capacity as a function of indoor and outdoor air temperature-cooling 
mode.................................................................................................................................................... 133 



ECODESIGN Lot 10 Draft of Chapter 4 
 

7 

Figure A.25:  air conditioner power consumption as a function of indoor and outdoor air temperature-
cooling mode ....................................................................................................................................... 133 
Figure A.26:  air conditioner EER as a function of indoor and outdoor air temperature-cooling mode
............................................................................................................................................................. 134 
Figure A.27:  Indoor unit heating capacity as a function of indoor and outdoor air temperature-heating 
mode.................................................................................................................................................... 134 
Figure A.28:  air conditioner power consumption as a function of indoor and outdoor air temperature-
heating mode ....................................................................................................................................... 135 
Figure A.30: Cooling capacity ratio as function of relative humidity ratio......................................... 136 
Figure A.31: Power consumption ratio as function of relative humidity ratio.................................... 137 
Figure A.32: Sensible heat ratio as function of relative humidity ratio .............................................. 137 
 
 
 



ECODESIGN Lot 10 Draft of Chapter 4 
 

8 

 

1 DEFINITION OF PRODUCTS, 
STANDARDS AND LEGISLATION 

Draft version of task 1 is available on the website study: 
http://www.ecoaircon.eu 
 

2 ECONOMIC AND MARKET 
ANALYSIS 

Draft version of task 2 is available on the website study: 
http://www.ecoaircon.eu 
 

3 CONSUMER BEHAVIOUR AND 
LOCAL INFRASTRUCTURE 

Draft version of task 3 is available on the website study: 
http://www.ecoaircon.eu 
 



ECODESIGN Lot 10 Draft of Chapter 4 
 

9 

4 TECHNICAL ANALYSIS EXISTING 
PRODUCTS 

 
Scope: This entails a general technical analysis of current products on the EU-market and provides 
general inputs for the definition of the Base cases (task 5) as well as the identification of part of the 
improvement potential (task 7), i.e. the part that relates to the best existing product on the market. 
 
Introduction 
 
The technical analysis of existing air conditioners on the EU market is a large piece of work because 
of the complexity of the product itself, which performances vary with climatic conditions, and also 
because of the large number of different technical products covered by the present scope.  
A subtask as then been added to explain the main principles of functioning of air conditioners and also 
to present the technical characteristics of the components that have a direct influence on its energy 
performances. This is the first subpart of this analysis in paragraph 4.1.1. Among those components, 
some are used only for some of the technical categories of air conditioners previously identified; this is 
also described in that subtask. Following subtasks follow the structure of the MEEuP, 4.1.2 – 
production phase, 4.1.3 – distribution phase, 4.1.4 – use phase (product) , 4.1.5 - use phase (system), 
4.1.6 – end-of-life phase.  
Because conditions of use are so important to determine energy consumption, we have included the 
reconstitution of operating conditions of air conditioners using building and system simulation tool in 
part 4.1.5 – use phase (system). Of course, the ecodesign of the unit will not enable to change these 
conditions but it will be greatly affected by those ones.  
 
Above specialised literature, it has been necessary to access wider information to cover the existing 
products on the EU market. Different sources have been used depending on the technical categories of 
products. For Eurovent certified products (split, multi-split, window/wall, mini-chillers), public 
information on main energy performance characteristics has been extensively used. Consultation of the 
technical database of Eurovent certified products was also possible. Information is then supposed to 
give a good overview of actual EU market. It is also to be noted that the window/wall category in the 
Eurovent database also include other package air conditioners of the air to air type than window/wall 
air conditioners. And that the technical trends for window/wall include all package air to air units 
below 12 kW cooling capacity in the Eurovent catalogue.  
About portable air conditioners (single duct, double duct and mobile split air conditioners), we had no 
access to any kind of technical or energy performance database. As a consequence, we collected 
information as supplied by manufacturers and importers on their websites and/or information 
brochures. We thus constituted three set of heterogeneous data with available characteristics. The data 
base covers 80 single duct air conditioners, 40 mobile split air conditioners and 10 double duct air 
conditioners.  
Concerning central air conditioners (US style) are air cooled air conditioners, either single split or self 
contained. There is no public information on manufacturers’ websites for the European market. Sells 
are believed to be direct imports from the USA and mainly not for the residential sector but for the 
commercial and industrial sectors. This very little share of the EU market between 0 and 12 kW has 
been identified in task 2 to amount to a maximum of 20 000 units. Moreover, energy efficiency 
minimum of performance applied in the USA (please refer to task 1) for these products are among the 
highest in the world. Whether required, a specific sensitivity analysis may be led in task 8 or 
alternatively lead to conclusions or recommendations for possible future action within the forthcoming 
ecodesign activities. But to keep a specific category does not seem necessary in the following tasks for 
these products. 
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4.1 Air conditioners generic technical description 
 
This part intends to give a technical representation of air conditioners that lie in the scope of the study. 
The aim pursued here is to gather basic information needed for the environmental impact of the 
products but also for the selection of base cases.  
Starting from the basic description of the refrigeration cycle, for each of the main technical categories 
identified, main characteristics are derived. The analysis is led by main components of the 
refrigerating cycle. For air conditioners that are certified by Eurovent-Certification (this encompasses 
single and multi-split air conditioners, window/wall air conditioners and cooling only mini-chillers), 
the publicly available database (Eurovent, 2006) is used to draw statistics. When it relates to more 
detailed information, the technical database of products of Eurovent-Certification (Eurovent-tech, 
2006) has been used. More details on these two sets of data can be found in chapter 5 of this study 
related to base case analysis, paragraph 5.1.1.2. For other technical information as compressor 
description incl. part load control, and for other air conditioner types e.g. portable air conditioners-, 
different sources from manufacturers websites, technical literature … have been gathered.  
 
4.1.1 Air conditioning and heat pump thermodynamic cycle 
 
Air conditioner products in this study are based on the vapour compression cycle, based itself on the 
Carnot refrigeration cycle, the reference ideal thermodynamic cycle with two sources at different 
temperatures. Following Carrier words, the air conditioning system takes heat where it is not desired 
where it does not matter, for instance outdoors for air cooled air conditioners.  
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Figure 4-1: Air conditioner schematic diagram, thermodynamic cycles in diagrams LnP – H and T-S of 
air conditioning cycle 

The figure above translates the basics of the thermodynamic cycle as used in air conditioners and heat 
pumps.  
In the evaporator, heat is extracted from the indoor air to the refrigerant. During this process, 
refrigerant vaporizes from binary state to superheated vapour.  
In the compressor, the refrigerant vapour is then compressed to high pressure: high pressure enables 
to reach high temperature level.  
In the condenser, high temperature level enables to release heat to outdoor air while the refrigerant 
condenses.  
Then, in the expansion device, refrigerant liquid expands through a flow restrictor in order to recover 
low pressure and temperature. It then enters the evaporator to capture indoor air heat again.  
 
The reverse cycle is the same as the cooling cycle except that the heat is extracted outdoor in cold 
ambient and released indoor at higher temperature. Then, outdoor temperature and indoor temperature 
are reversed on Figure 4.1. 
 
Then, main components of the cycle are: the refrigerant fluid, both heat exchangers (evaporator and 
condenser), the compressor and the expansion device.  
 
Thermal performance, EER, COP, heating and cooling capacities 
 
Cooling capacity is defined as:  
Pc = m . (H1 – H4) 
With m the refrigerant mass flow rate and H the enthalpy of the fluid at point 1.  
 
The ideal fluid compression work is defined as:  
W = m . (H2 – H1) 
 
The condenser released heat is defined as: 
Ph = m . (H3 – H2) 
 
Then the coefficient of performance EER (cooling mode) can be calculated as Pc / W and COP 
(heating mode) as Ph / W.  
 
Then, the larger the difference between outdoor and indoor temperature sources, the larger the 
difference in condensing and evaporating temperatures and consequently the larger the compression 
work and the lower the EER and COP.  
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4.1.2 Refrigerant fluid 
 
There are very few refrigerant fluids used in air conditioners (for products in the scope). This restricted 
offer is primarily linked to the high number of criteria the refrigerant fluid must fulfil (Duminil, 1996), 
energy performance, safety –toxicity and flammability, ODP and GWP, technical: it must not interact 
with components of the system (in that direction, ammonia despite its excellent energy efficiency 
characteristics is not compatible with copper), economic – it must be affordable, meaning used by a 
significant part of the industry and not demanding too much modifications on the systems if possible.  
 
HCFC  
There are several methods established to select the best refrigerant for a given application, e.g with the 
knowledge of the temperature levels of hot and cold sources. R22 was for a long time the universal 
refrigerant because very performing for a wide range of application including air conditioners. 
 
CFC and HCFC phase out  
Signed in 1987, the Montreal Protocol on Substance that deplete the Ozone Layer aimed at phase out 
the consumption and production of several ozone depleting substances among which the 
chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFC) that were used in air conditioning 
appliances. Noticeably, R22 (an HCFC) was the more common refrigerant and is nowadays banned in 
new equipment in Europe. As explained by (Dieckmann and Little, 1999), the Copenhagen 
Amendments to the Montreal Protocol in November, 1992 established an HCFC phase-out timetable, 
as shown in Figure 4-2. The basic approach is to establish a “Cap” based on combined CFC and 
HCFC use, and then periodically to downsize refrigerant production as a percentage of the Cap. The 
Cap is expressed in terms of ODP weighted production (units: ODP-kg) and was established as 3.1% 
of ODP weighted CFC consumption plus ODP weighted HCFC consumption in 1989. As shown in 
Figure 4-2, consumption is limited to the Cap beginning in 1996, and stepped reductions from the Cap 
occur in 2004, 2010, 2015, and 2020, with a final phase out in 2030. In December, 1995, at the 
Seventh Meeting of the Parties, an adjustment was adopted reducing the cap by approximately 5% 
overall -- the new formula being 2.8% of ODP weighted CFC consumption plus ODP weighted HCFC 
consumption. In addition, HCFC consumption from 2020 to 2030 is restricted to servicing existing air 
conditioning and refrigeration equipment. The Montreal Protocol HCFC phase-out schedule seems to 
have stabilized in terms of both the timing of phase-out steps and the associated consumption limits 
(i.e., the formula for determining the Cap). 
 

 

Figure 4-2: HCFC phase-out timetable 
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As reported by (UNEP, 2005), Europe (EU 25) is in advance over the timetable as far as it concerns 
HCFCs consumption. In 2004, ODP emissions linked to EU consumption of ODP chemicals was only 
already 1,450.9 ODP tones with the new initial cap being 8,228.1 which amounts around 18 %. As 
mentioned in EC regulation 2037/2000, HCFC-22 is forbidden in air conditioning application with 
cooling capacity inferior to 100 kW as follows: “the use of hydrochlofluorocarbons shall be prohibited 
from 1 July 2002 in equipment produced after 30 June 2002 and of reversible air conditioning/heat 
pump systems where the use of hydrochlorofluorocarbons shall be prohibited from 1 January 2004 in 
all equipment produced after 31 December 2003”. Concerning refill of existing installations, “from 1 
January 2010, the use of virgin hydrochlorofluorocarbons shall be prohibited in the maintenance and 
servicing of refrigeration and air-conditioning equipment existing at that date; all 
hydrochlorofluorocarbons shall be prohibited from 1 January 2015.” As a consequence, since 2005, no 
reversible R22 air conditioner is sold on the European market and since 2003 for cooling only air 
conditioners. It is difficult to evaluate whether these measures enable this specific air conditioner 
sector [0-12 kW] to respect the protocol objectives because of the lack of detailed information on 
potential necessary fluid refill of HCFC 22 split and multi split systems and of emission levels in 
1989. However, still following the same EC regulation 2037/2000, “before 31 December 2008 the 
Commission shall review the technical and economic availability of alternatives to recycled 
hydrochlorofluorocarbons”. Since R407C has been developed as a possible candidate for direct drop-
in, refrigeration industry seems well prepared to a complete ban that would then ensure a complete 
achievement of the Montreal protocol for this air conditioning segment.   
Replacement options were investigated and finally two main fluids are now sharing the European 
market of air conditioners with cooling capacity inferior to 12 kW (Eurovent, 2006): R410A and 
R407C. Some single duct units are also designed with propane (R290). Whether propane has already 
been in use for a few years in domestic refrigerators and freezers, its use in small capacity air 
conditioners has been authorized only recently, as mentioned in task 1, with tight limits on the quantity 
of gas and then on the cooling capacity range of package air conditioners it can apply to. Both other 
fluids, R410A and R407C, belong to the hydrofluorocarbons (HFC) family.  
 
GWP 
The fluids in use have no depletion effect on the stratospheric ozone but have a global warming impact 
and are included in the Kyoto protocol. An assessment of global warming impact of an appliance 
containing this type of refrigerant must take into account direct emissions during lifecycle (leaks, 
reclaiming) and indirect emissions (emissions linked to the electrical consumption), for which matters 
the thermodynamic performance or energy efficiency of the refrigerant. This is generally done with the 
TEWI calculation as already explained in task 1 in the Nordic Ecolabeling scheme for heat pumps.  
Global warming potential (GWP) is used to compare the abilities of different greenhouse gases to trap 
heat in the atmosphere. GWP is based on the radiative efficiency (heat-absorbing ability) of each gas 
relative to that of carbon dioxide (CO2), as well as the decay rate of each gas (the amount removed 
from the atmosphere over a given number of years) relative to that of CO2. GWP is calculated over a 
specific time interval which value must be stated whenever a GWP is quoted. The GWP provides a 
construct for converting emissions of various gases into a common measure, which allows climate 
analysts to aggregate the radiative impacts of various greenhouse gases into a uniform measure 
denominated in carbon or carbon dioxide equivalents (EIA, 2007).  
 

Refrigerant Composition GWP (100yr) 
R22 (HCFC) Pure fluid 1700 
R407C (HFC) R32/R125/R134a 1653 
R410A (HFC) R32/R125 1954 

R290 (HC) Propane 3 - ~20 (*) 

Table 4-1: Global warming potential of some refrigerants, for 100 year integration, regulation 
EC/842/2006. (*) Reference of MEEuP for GWPs is the IPPC 2001 third assessment report, but no 
value is available for R290 whose GWP is low and exact value varying between 3 and about 20 
depending on references.  
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Thermodynamic performances 
Phasing out R22 for HFCs or propane mixture corresponds to an energy efficiency loss and also higher 
cost to manufacture air conditioning systems. Starting from the thermodynamic cycle in Figure 4.1, 
the refrigerant properties in indeed the primary component that dictates the air conditioning cycle 
energy efficiency. If thermodynamics basics only acknowledges the temperature of the sources, the 
refrigerant saturation curves give the correspondence between temperatures of use and pressure levels 
and then the compressor design and efficiency. Cooling capacity is a direct function of the 
vaporization or latent heat of the refrigerant. Superheat at aspiration that is needed for compressor safe 
functioning degrades the cycle efficiency and is also dependent on the refrigerant used. The same 
apply to temperature discharge of the compression.  
Efficiency comparison with HCFC22 of different replacing fluids for a specific cycle (with a certain 
number of hypothesis on temperatures and components efficiency needed for the evaluation) by 
(Devotta, 2001) is reported as an illustration in the table below. Condensation temperature is 55 °C, 
evaporation temperature is 7.2 C.  

 

Table 4-2: Performance comparison of different refrigerants for a standard air conditioning cycle 
(Devotta, 2001)  

R407C and propane (HC-290) have comparable COP (COP in cooling mode, generally called EER in 
Europe) values. R410A exhibits higher COP losses but a significant capacity gain.   
The advantage of R-407C was it could be used as a drop-in refrigerant in existing systems, which were 
initially designed for operating with R-22. R-407C has nearly the same cooling capacity and operating 
pressures as R-22. Nevertheless, the efficiency of systems is usually lower with this drop-in refrigerant 
(5% or so lower than R-22). Despite, this refrigerant has been widely used in Europe for air 
conditioners due to the accelerated R-22 phase out. 
The vapor pressure of R-410A is 60% higher than R-22, and this refrigerant couldn’t be easily adapted 
to R-22 systems. Due to high pressure, compressors need to be redesigned completely and also the 
heat exchangers needs to be optimized to accommodate lower volumetric flow rates associated with 
the use of R410A (Kim, 2000).  
If the simple thermodynamic cycle analysis shows that the cycle efficiency of R410A is lower than 
that of HCFC22, the actual energy efficiency of R410A air conditioners may already be similar or 
better to that of HCFC22 due to improved compressor efficiency and reduced energy losses in other 
components of the refrigeration system.  
(Kim, 2000) presents results of performance tests for R-22 and four alternative fluids (R-134a, R-
32/134a (30/70%), R-407C, and R-410A) at operating conditions typical for a residential air 
conditioner. The study was performed in an experimental breadboard water-to-water heat pump in 
which a water/ethylene glycol mixture was used as the heat transfer fluid. The heat exchangers 
representing the evaporator and condenser were counter flow and cross flow, respectively. In tests 
performed, R-410A had the highest coefficient of performance but for lower frequency speed of 
rotation. Test results for the system and data characterizing the performance of the heat exchangers 
and compressor are presented. The impact of the wide variations in the different alternative fluid 
properties on the system’s operation and performance is investigated.  
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Figure 4-3: Cooling capacity (kW) and coefficient of performance of different fluids (Kim, 2000) 

The capacity of R-410A at 1000 rpm (3644 W) is almost the same as the capacity of R-22 at 1800 rpm 
(3663 W); however, the COP (EER) of R-410A is higher by 22%. 
Systems optimized for this refrigerant have smaller heat exchangers for the same duty and efficiency 
similar to the ones obtained with R-22 refrigerant. On the other hand, keeping large heat transfer 
surface areas enables to significantly improve system efficiencies. An additional difference of R-410A 
is the lower liquid density of the refrigerant (approximately 12% lower than for R-22). The refrigerant 
charge is then approximately 25 to 30% lower than the required charge of a R-22 system for 
comparable duty and efficiency. 
Concerning R290 – propane, (Park, 2006) calculated that energy efficiency of the thermodynamic 
cycle for air conditioning application is equivalent to the one of R22, from 0 to 5 % better. However, 
refrigerant charge to obtain the same cooling capacity is cut by 50 %. Cooling capacity decreases by 
10 %. Propane is seen by the air conditioning industry as a viable technical alternative refrigerant in 
case legislation would ban refrigerant fluids with positive GWPs. But safety is very strict in Europe 
for propane. Moreover, its use would not be compatible with the split system type but only with 
package air conditioners (Dieckmann, 1999), inducing high transformation costs for the industry and 
the end users. 
The conclusions drawn on alternatives refrigerant are valid also for the COP in the heating mode for 
reversible air conditioners in the scope of this study.   
 
Temperature glide 
The most significant difference between R410A and R407C is the fact that R-410A is a near-
azeotropic substance, while R-407C is a zeotropic substance. Zeotropic substances have different 
equilibrium composition in the liquid and vapour phase, thus having a different pressure-temperature 
equilibrium at saturation that for liquid and vapour respectively. This results in a temperature glide as 
shown in the figure below. This means at certain given pressure, the liquid saturation temperature in 
the heat exchanger is not the same as vapour saturation temperature at the same composition. 
Refrigerant R-407C has a temperature glide of about 6K (Bigot, 2001). This temperature glide leads to 
an impact on boiling heat transfer. The pool boiling heat transfer coefficient decreases as temperature 
glide increases. This cycle of events decreases the heat rate transfer and the overall performance. 
Moreover, since it is a non-azeotropic refrigerant mixture (NARM), fractionation may occur in case of 
the leak in the system. Concretely, it also means that when leaks occur, all the refrigerant must be 
removed and new R407C fluid with the right composition must be used.  
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Refrigerant type and charge of EU air conditioners 
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Figure 4-4: Refrigerant type of single split air conditioners cooling only and reversible, (Eurovent, 
2006) 

R410A refrigerants is the more common refrigerant for single split air conditioners, either cooling 
only or reversible.  
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Figure 4-5: Refrigerant charge as a function of capacity of single split air conditioners cooling only and 
reversible, (Eurovent-tech, 2006) 

Values of 0.31 kg of refrigerant by kW of cooling capacity can be kept as the average value for R410A 
while it is slightly higher for R407C with 0.34 kg/kW.  
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Figure 4-6: Refrigerant type of multi split air conditioners cooling only and reversible, (Eurovent, 2006) 

Average charge for multi-split is slightly higher than for single split systems despite mainly R410A is 
used. With this fluid, average figures of 0.33 kg/kW has been calculated, between 5 and 10 % higher 
than for single split units.   
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For single and double duct air conditioners, very few refrigerant charge data have been identified. 
Refrigerant charge published vary more than for other products, with values ranging from 0.15 to 0.5 
kg / kW. For R410A, which seems the main refrigerant in use for this type of air conditioners, the 
average charge identified is also around 0.3 kg/kW. For split mobile, more common refrigerant is also 
R410A with 0.4 kg/kW value.  
Window/wall units exhibit lower refrigerant charges with average values of 0.27 kg/kW in average. 
However, representativeness of data used is low and R410A values available are typically lower, 
between 0.2 and 0.25 kg/kW.   
For mini-chillers, R410A is also the standard fluid now with average refrigerant charge of 0.3 kg /kW.  
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4.1.3 Compressor 
 
There are two ways to increase the pressure of gas or vapors. The first method is by reducing the 
volume that is occupied by the vapor or gas. Vapors are sucked through suction ports and are 
geometrically trapped. By exerting work done by the compressor to the vapor, pressure is increased. 
Compressors that use this method are known as positive displacement compressors. Reciprocating, 
rotary, screw and scroll compressors fall into this category. Another method applied to increase 
pressure of vapor and gas is by rotating vapor or gas in the compression chamber by means of 
impeller. High rotating velocity of vapor or gas produces a large centrifugal force which in turn 
increases the pressure. This type of compressor, known as centrifugal compressor is not used below 
cooling capacities of several hundred kilowatts.  
Only reciprocating, scroll and rotary compressors are likely to be used in air conditioners in the 
cooling capacity range of [0-12 kW], screw compressors being reserved to higher cooling capacities 
(above 70 kW). On this range of cooling capacity [0-12 kW] compressors are hermetic: the motor and 
compressor are contained in the same housing, with the motor shaft integral with the compressor 
crankshaft and the motor in contact with the refrigerant. 
 
Rotary compressors 
In a rotary compressor the refrigerant is compressed by the rotating action of a roller inside a cylinder. 
The roller rotates eccentrically (off-centre) around a shaft so that part of the roller is always in contact 
with the inside wall of the cylinder. A spring-mounted blade is always rubbing against the roller. The 
two points of contact create two sealed areas of continuously variable volume inside the cylinder. At a 
certain point in the rotation of the roller, the intake port is exposed and a quantity of refrigerant is 
sucked into the cylinder, filling one of the sealed areas. As the roller continues to rotate the volume of 
the area the refrigerant occupies is reduced and the refrigerant is compressed. When the exhaust valve 
is exposed, the high-pressure refrigerant forces the exhaust valve to open and the refrigerant is 
released.  
 
 
 

 
 

Figure 4-7: Compression cycle in rotary fix-vane compressor (FSCC, 2007) 

These rotary fix-vane compressors are typically found in fridges and freezers and small air 
conditioners with cooling capacity up to 2 kW. R410A series have been developed for cooling 
capacities until 8 kW (LG, 2007).  
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Scroll Compressors 
Scroll compressors are widely used in automotive, residential and commercial sectors. Scroll 
compressor capacity ranges from 1 to 20 HP. The scroll compressor uses one stationary and one 
orbiting scroll to compress refrigerant gas vapours from the evaporator to the condenser. The upper 
scroll is stationary and contains the refrigerant gas discharge port. The lower scroll is driven by an 
electric motor shaft assembly imparting an eccentric or orbiting motion to the driven scroll. That is, 
the rotation of the motor shaft causes the scroll to orbit, not rotate, about the shaft centre. 
 

 

Figure 4-8: Compression cycle in scroll compressor (ACE, 2007) 

Piston (Reciprocating) Compressor 

 

Figure 4-9: Compression cycle in reciprocating compressor (Remotelab, 2007) 

Capacity ranges from 1 to several hundreds of HP. It is convenient for refrigerants that require 
relatively small displacement and condensing at high pressures.  
There is small clearance gap between the top of the piston and the valve plate to avoid the piston 
striking the valve plates. A certain amount of vapour will remain in between the gap and not all of the 
high-pressured vapour escapes through the discharge valve at the end of the compression cycle. At the 
beginning of a cycle, the piston moves downward, allowing the vapour to expand and reducing 
pressure.  The lower pressure now in the cylinder compared to the pressure in the suction line forces 
vapour to be sucked in. When pressure in suction line and in cylinder equalizes, the suction valve 
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closes. Next, the piston moves upwards and compresses the vapour, increasing its pressure. Now, 
higher pressure in cylinder than of the discharge line forces the discharge valve to open. High 
pressured vapour is discharged. Certain amount of vapour remains and the cycle repeats. These valves 
are responsible of head losses at suction and discharge ports but also enable the compressor to adapt to 
the varying pressure conditions.  
 
Compressor performance 
Compressor manufacturers publish performance maps of compressor performances (mass flow rate, 
cooling or heating capacity and power input) for a table of varying evaporating and condensing 
temperature as requested by the standard EN 12900. This table is directly incorporated in assembler 
tools in order to model the impact of the compressor on the complete performance of the air 
conditioning cycle. It is to be noted that performances should also be published together with these 
tables but are not most of the times.  
Three ratios are widely used because useful to seize the differences in efficiency of the compressors, 
motor efficiency, volumetric efficiency, isentropic efficiency. 
  
Motor efficiency is the ratio between the power delivered to the fluid and the power delivered to the 
compressor group. It includes transmission losses and also inverter losses (for inverter driven 
compressors).  

e
m P

W
E �  

Motor optimization being a cost-optimization compromise, larger motors are generally more efficient 
than smaller ones. In that power size range accepted efficiencies range from approximately 88 % for a 
2 kW motor (electric input) to 95 % for a 75 kW motor (ASHRAE, 2004).  
 
The volumetric efficiency is the ratio between the swept volume (displacement multiplied by number 
of rotations per time unit) and the real volumetric flow rate. It translates for instance the clearance loss 
of volumetric flow rate.  
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Where Dv is the refrigerant volumetric flow rate and H�' the enthalpy difference between fluid inlet 
and outlet.  
 
The compressor efficiency is a measure of the difference between the isentropic compression 
enthalpy difference (as a perfect reference) and the real enthalpy difference.  
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Because, without the measurement of the exhaust and shell temperature of the compressor it is not 
possible to separate the motor and isentropic efficiency ratios, generally, total efficiency is used as the 
product of Em by Eis.  

ismT E.EE �  

 
Classical representation of volumetric and total efficiencies are drawn in function of the compression 
ratio (ratio of the high pressure –condensing- to the low pressure – evaporating). Volumetric efficiency 
can generally be approximated by a linear curve as a function of pressure ratio for all compressor 
types. Typical compressor performance curves for a scroll compressor are shown in the figure 
hereafter.  
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Figure 4-10: Typical performance curves (Total efficiency –ET and Volumetric efficiency EV) of a scroll 
compressor for air conditioning application (optimum compression ratio around 3) 

Scroll compressors 
Scroll compressors are the more efficient compressors for low capacity applications today at least at 
peak conditions. Indeed, scroll compressors are designed for a specific built-in volume ratio. It means 
that there is a clear peak optimum efficiency for a given compression ratio with rapid decrease of 
isentropic efficiency before and after this point. For air conditioning application, optimum 
compression ratio lies between 2.5 and 3.5 depending on the manufacturers. For reversible 
applications, a compromise towards higher compression ratios has to be found. Because of its design, 
volumetric efficiencies of scroll compressors are high with values of 0.95 at design point. Typical 
EER would lie between 3 and 3.2 at rating conditions (R410A) for higher capacity ranges. For lower 
capacity range, below 12 kW cooling capacity, there is less offer and energy efficiency also seems 
lower in average, between 2.8 and 3.1 (also for R410A).  
 
Reciprocating hermetic compressors 
Hermetic compressors have not been developed with R410A refrigerant. As compared to scroll 
compressors, peak efficiency at rated conditions may be lower. Indeed, most efforts have been made to 
improve scroll energy efficiency in the last years and little for reciprocating that are progressively 
replaced by scroll compressors for small cooling capacities and screw compressors for larger ones. 
The main manufacturing advantage of these two latest categories being the smaller number of pieces 
in movement during compression that increases the compressor reliability. Lower peak efficiency 
results of several backdraws of this technology, clearance volume, admission valve that induces 
pressure losses at the suction side and important mechanical friction losses because of the important 
number of moving parts. Nevertheless, because of the presence of inlet and outlet valves energy 
efficiency is better maintained at pressure ratios both lower and higher than the ratio of the rating 
efficiency point, that may be a pros when comparing air conditioning units not on a single rating point 
but on their yearly consumption.   
 
Rotary fix-vane 
Rotary compressors have a high volumetric efficiency because of the small clearance volume and 
correspondingly low re-expansion losses inherent in their design (ASHRAE, 2004). For R410A in 
standard rating conditions (EN 12900), energy efficiency has been found to lie between 2.8 and 3.2. 
Then, on the cooling capacity range of [0-6] kW, they are already as efficient as available scroll 
compressors and quite cheaper.  
 
Reduced capacity 
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Because the thermal load required by the building for cooling or heating varies, air conditioners and 
heat pumps must adapt their cooling capacity to the cooling or heating load. There are two main 
principles used in practice, on – off cycles of the compressor(s) and reduction of refrigerant mass flow 
rates. 
 
ON/OFF or cycling 
For all types of compressors, the simplest way to adapt the cooling capacity to the required thermal 
load is to cycle on and off according to the needs. This is generally controlled by a simple thermostat 
indoor with a set point and a dead band. For instance, if the cooling set point is 25 °C, and dead band 
is 4 °C, then the compressor will be set on when temperature rises over 27 °C and will be shut off 
when, after a on period, the temperature reaches 23 °C. Since performance of air conditioners or heat 
pumps with indoor air temperature is nearly linear, there is no quantifiable loss (or if it can be 
neglected) linked to overshooting as for boilers. In average, the compressor will work at 25 °C. 
However, there are two causes of efficiency degradation related to this mode of control that are 
quantified in paragraph 4.1: variation of efficiency with load ratio. 
1) When the unit starts, there is a delay in cooling or heating capacity production while the compressor 
uses electric power to establish the pressures of the cycle. When the compressor stops, cooling 
capacity is still produced for a while with no compressor consumption. This results in a loss of energy 
efficiency that is used to establish refrigerant pressures.  
2) When the unit is OFF, consumption is not exactly null; it can remain crankcase heater electric 
consumption, electronic control consumption and possibly the evaporator fan that can remain on. 
When integrating energy efficiency on the whole cycle (on phase + off phase), there is a degradation 
of performance that cannot be neglected at low load conditions.  
 
Reduction of refrigerant mass flow rate 
The reduction of refrigerant flow rate enables not only to overcome on-off losses but also to benefit 
from higher relative heat exchanger areas as compared to the full load and then full mass flow rate in 
the heat exchangers. Since there is less capacity to extract from the ambient and to reject outside, the 
temperature differences between the refrigerant and air (both indoor and outdoor) will decrease. This 
means that the compression ratio will decrease, leading to improved energy efficiency. The total 
energy efficiency variation will depend on the efficiency of the compressor for this new compression 
ratio. There are different means used depending on the application and on the cooling capacity range.  
 
Inverter 
The frequency of rotation of the compressor is varied by electronic control. In our range of products, 
this mainly concern single split and multi-split air conditioners with rotary compressors. (Shao, 2004) 
gives the COP of an inverter driven rotary compressor for different evaporating and condensing 
temperatures for a range of varied inverter frequencies. This is reported in the figure below. The curve 
7/50 is relatively close of standard measurement conditions of EN 12900 (Tev = 5 and Tc = 50). The 
shape of the curve lets some degrees of freedom for the air conditioner’s manufacturer to adapt the 
maximum efficiency part of the curve either at full load standard conditions EER or elsewhere in the 
case he would have incitation to have a more efficient air conditioner at low load, low pressure ratio, 
as could be the case if units were compared on a scale including reduced capacity and reduced outdoor 
temperature.  
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Figure 4-11: COP of performance of an inverter driven rotary compressor as a function of frequency 
for different couples (evaporating temperature, condensing temperature) 

Compressors in parallel 
2 or more compressors are used in parallel on the same refrigeration circuit. When load decreases, 1 or 
several compressors are shut down to reduce refrigerant flow rate and capacity.  
Whereas it is generally reserved to larger capacity units than [0-12] kW, it could also be used for 
smaller capacity units with rotary compressors, since rotary compressors exist until very small 
capacities (Jang, 2006), it is possible to use two half-sized compressors.  
 
Compressor unloading 
For scroll, screw and reciprocating compressors, it is sometimes possible to reduce the swept volume 
of the compressor by mechanical means. This translates into more or less important refrigeration 
losses according to the means. It is generally not in use for air conditioners in the scope. For double 
staged rotary compressors, it is also possible  
 
Digital compressors 
This applies to scroll compressors (Copeland Digital Scroll ® compressor and the same principle is 
used also for rotary compressors by Samsung but to cycle between the two stages of capacity for two 
cylinders rotary compressors). The general principle is to get very short cycling times to avoid cycling 
ON-OFF losses of the air conditioning system. For scroll compressors, the compression is stopped by 
disassembling the two scrolls of the compressor. This is made by hydraulic control. This enables to 
avoid large off – periods. However, there is not yet any publication on the energy efficiency of this 
capacity reduction means at reduced capacity. What is certain is that when the two scrolls are not 
compressing refrigerant, they are still rotating and then compressor still consumes energy. This 
remaining consumption is not known.  
 
Oil  
Compressors in use for products in the scope are hermetic compressors. Oil is needed to ensure proper 
functioning of the compressor, it forms a protection oil liquid film on moving parts in contact. For 
R407C and R410A, mineral oils are used. Main properties are viscosity, floc point, dielectric strength, 
neutralization number, flash point, and fire point. Viscosity is the oils resistance to flow. As the 
temperature of the oil drops it becomes thicker thereby creating a situation where the oil becomes 
difficult to pump. The change in viscosity with temperature is measured by the viscosity index. Floc 
point is a measure of the amount, if any, of wax in the oil. This pertains only to mineral oils. At very 
low temperature, the refrigerant and oil is likely to form a sluggish and the floc point indicates the 
minimum temperature to maintain. Dielectric strength is its measure of resistance to electrical current. 
All oils used with internal electric motors must possess this characteristic. Neutralization number, 
refers the amount of acid or caustic present in the oil. Flash point and fire point both relate to the oils 
burning properties and volatility.  
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Other major properties are lubricity and miscibility and solubility with a particular refrigerant. The 
lubricity has to do with preventing wear of moving components within the refrigeration system. 
Hydrodynamic lubrication is defined as the separation of moving parts by a film of oil. 
Miscibility is the capability of the two products, oil and refrigerant, to mix in their liquid state. If the 
two do not dissolve in each other as a liquid then there would be separation and either oil would not 
come back to the compressor but remain in the receiver (reversible system) and/or would be 
detrimental to the correct functioning of the expansion device with risks of hunting in case of 
thermostatic expansion valve. .  
Oil continuously cleanse the internal surfaces of the compressor. The oil is the medium used to carry 
away any microscopic metal particles that may occur from wear. The oil washes the particles down to 
the compressor sump. There they are suspended in the oil until they eventually drop to the bottom and 
are picked up and held by magnets that are typically placed at the bottom of the compressor. 
Refrigeration oil also aids in heat removal. Because it is a liquid it has good heat transfer properties. 
The heat that the oil absorbs is either rejected in the condenser coil along with the refrigerant or 
brought down to the oil sump. 
When the oil is splashed on the cylinder walls and rings as well as depositing on the suction and 
discharge valves it helps to seal the gaps of those tolerances thereby decreasing what is known as 
“blow by” effect. On the opposite side, oil concentration in the refrigerant reduces the overall heat 
transfer coefficients at the heat exchangers, increases pressure drops. (Stefura, 2006) 
 
Oil charge varies with compressor technology and manufacturers. Orders of magnitude (only 
indicative) for rotary compressors and scroll compressors range from 0.3 to 0.5 liter / kg of refrigerant 
fluid.   
 
Compressors is particularly vulnerable when starting. Flooded start occurs when refrigerant is allowed 
to migrate to the compressor during shutdown. Compressors can be protected with crankcase heaters 
and automatic pumpdown cycles, where applicable (ASHRAE, 2004). Crankcase heaters are also 
needed to avoid high viscosity and to go beyond floc point for low temperature application. 
Temperatures in summer should normally enable air conditioners to operate without crankcase heaters 
(above 15 – 20 °C) whereas it is needed in winter and then for reversible air conditioners. However, 
since cooling in commercial buildings can be needed also in spring or even in winter time, some air 
conditioners may also be equipped of a crankcase heater.  
 
Compressor technologies used in EU air conditioners (in the scope of this study) 
 
For low capacity units (below 6 kW) and multi-split air conditioners, rotary compressor is the 
dominant type of compressor. For larger capacity units, scroll compressors may be used given that 
rotary compressors are limited in capacity range. The top runner program (ECCJ, 2006) expects scroll 
compressors could be one of the main ways to achieve higher COP to increase Japanese air 
conditioner efficiencies in the near future.  
 
Some R407C units still may use hermetic reciprocating compressor but this type of compressor has 
now almost disappeared in that capacity range. Only two types of part load control have been 
identified on the [0-12] kW range of cooling capacity: on-off and inverter control. Whether ON-OFF 
control still dominates the European market, inverter share is growing rapidly as shown previously in 
the part of task 2 related to the market trends. 
 
As for fridges, air conditioners, especially reversible air conditioners are likely to be equipped with 
crankcase heaters. For scroll compressors, values of 70 W in the range 6 to 12 kW have been 
identified. For rotary compressors, mainly under 6 kW, values of 30 W. These values are in line with 
values identified in the USA for residential small heat pumps (Max 65 W, average 30 W) by (Floyd, 
1998).  
 
4.1.4 Heat exchangers  
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Heat exchangers enable the refrigerant to exchange heat with indoor and outdoor air (water). Efficient 
heat exchangers enable to have little temperature difference between air (water) and refrigerant. This 
efficiency enables to have lower working compression ratio for the compressor and then to decrease 
energy efficiency. Improving the heat exchange efficiency is then feasible by increasing the heat 
transfer surface or the heat transfer intensity (means reducing the thermal resistance to heat transfer of 
the heat exchanger). There are several ways to increase the heat transfer intensity, reduced diameter, 
increased turbulence of fluids .... One of the limiting factor may be the increased pressure losses that 
will require more power for forced convection of refrigerant fluids.  
Water to refrigerant heat exchangers are more efficient than air to refrigerant heat exchangers because 
convective heat transfer is higher than for water. This is the main reason for water cooled air 
conditioners to be more efficient at equal technology of the other components than air cooled  air 
conditioners. The second reason being the difference in test conditions (water cooled air conditioners 
are tested with lower inlet temperature than air cooled air conditioners).  
 
DX air /refrigerant heat exchangers 
 
Heat exchangers used in air-conditioning applications could be organized in 2 distinct categories: fin-
and-tube heat exchangers with round tubes (or sometimes oval tubes in order to limit the pressure 
drops due to the tube bank) and flat-tube heat exchangers with flat tubes and corrugated fins. 
These 2 types of heat exchangers differ of course by their designs, but also by their material (usually 
copper tubes and aluminum fins for the round-tube configuration and all-aluminum for the flat tube 
configuration) and by their manufacturing processes. Microchannel heat exchangers are already used 
for best performing mini-chillers in Europe. This later category enables mainly to reduce the 
refrigerant charge, or for the same air conditioner size to increase heat transfer performances at 
condenser side. They are not used in air to air conditioners.  
 
The typical fin-and-tube heat exchangers in air-conditioning application usually consist of 
mechanically or hydraulically expanded round tubes in a stack of parallel continuous fins as presented 
in the figure below. Depending on the application, the heat exchanger can be produced with one or 
more rows. For systems working with azeotropic or nearly azeotropic refrigerants such as R-410A, the 
trend is to reduce the number of rows to 2 or 3 rows since it is observed that major part of the heat 
transfer is achieved by the first row. Especially at low air velocities, the heat transfer capability of the 
downstream rows is limited. For the evaporator of systems working with refrigerants presenting a 
significant temperature glide, for instance R-407C, it is possible to take advantage of the temperature 
glide by using a configuration with more than 3 rows (Bigot, 2001 and 2002). 
 
For household applications, the tube diameters may be less than 10 mm, usually 9.52 mm, and 
recently, even 7 mm and 6.35 mm. This is because higher refrigerant-side heat transfer coefficients 
(smaller hydraulic diameter) and lower air-side pressure drop can be achieved by using smaller tubes, 
and this also leads to much more compact fin-and-tube heat exchanger designs. The use of less than 7 
mm tube diameters, along with small longitudinal and transverse tube pitches (for instance 
respectively, 12.3 mm and 21 mm) has become popular in heat exchangers of room air-conditioners. 
In addition, heat exchangers have gained in compactness with the use of smaller fin pitches 
(sometimes lower than 1.3 mm) and thinner fins (near 0.1 mm).  
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Figure 4-12: Fin-and-tube lay-out and geometrical parameters (WAN, 1999) 

 
Fin types 
 
There are many fin patterns. Three different types have been found in the Eurovent database: louver, 
flat (plate) and wavy. Flat and wavy fins enable to build plain heat transfer surface whereas louver fins 
mean that the heat surface is interrupted. 
 
Plain heat transfer surfaces  
Plain surfaces denote fins without any surface interruption as presented in Figure 4-13 (a), (b) and (c). 
 
Plate fins 
The plate fin configuration in the simplest fin-and-tube design Figure 4-13 (a). In this case, fins are 
plate aluminum sheets. The plate-fin configuration is still the most popular fin pattern, owing to its 
simplicity, durability and versatility in application. Moreover it presents superior reliability under 
long-term operation and lower friction characteristics. 
 
Wavy fins 
The wavy fin is a continuous fin with corrugations. The wavy fin geometry is illustrated in Figure 4-13 
(b) and (c). Wavy plate fin-and-tube geometries provide a higher heat transfer coefficient than flat fins 
due to the mixing effect of the corrugated surfaces. There are several variants of the basic wavy fin 
geometry. Two configurations are usually encountered: the continuous wave curve profile Figure 4-13 
(b) and the herringbone wave configuration Figure 4-13 (c). The major difference between the 
herringbone and smooth wavy fins is the sharp edge corner.  Corrugation angle generally ranges from 
15�• to 30�•. 
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Figure 4-13: Various fin types with round tubes (Wang, 2002); a) Plate fins ; b) Herringbone wavy fins ; 
c) Smooth wavy fins; Louver fins with redirection louvers ; e) Slit fins ; f) Double side slit fins 

Interrupted heat transfer surfaces 

Interrupted surfaces denote fins with surface interruptions (louvers or slits) as presented in Figure 4-13 
(d), (e) and (f) (but only louver fins have been found in the Eurovent database). In finned-tube heat 
exchangers, the air-side heat transfer coefficient is largely controlled by the boundary layer growth 
along the fin. This boundary layer has an insulating effect and the thicker the boundary layer, the more 
it limits heat transfer to the fin. Moreover, increasing demand for compactness in air-conditioning 
application influences heat exchanger designs with increased surface density and smaller flow 
channels. This miniaturization, associated with conventional heat transfer surface designs (plain fins), 
results in a tendency towards laminar flow and consequently lower air-side heat transfer coefficients.  
 
Louver fins 
The typical louver fin configurations are presented in Figure 4-13 (d), Figure 4-14 (a) and Figure 4-19. 
Louvers are cut and inclined parts of the fin surface and are located perpendicular to the airflow 
direction. Several louvers are formed in the airflow direction. The louver angle generally ranges from 
15�• to 30�• and the louver length in the airflow direction, which is also the major louver pitch (Lp), 
could be lower than 1 mm. The louvers provide heat transfer enhancement, even at low Reynolds 
number. When the Reynolds number is high enough, the louvers direct the flow in an inclined way 
through the heat exchanger core. Common designs include a redirection louver (Figure 4-19) which 
tends to reverse the airflow inclination imposed by the first louvers. Louver fins are widely used in 
aluminum brazed flat-tube-and-fin heat exchanger as presented in figure (Figure 4-14).  
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Figure 4-14: Heat exchangers with louver fins and flat tubes; a) Geometrical parameters (Chang, 
2000) ; b) Corrugated louvered fins; c) Corrugated fins, triangular channels ; d) Plate fins and flat 
tubes (Chang, 1997) 

 

 

Figure 4-15: Louvered fin-and-tube heat exchanger (Wang, 2000) 
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Tube types 
 
Two types of tube have been found on the Eurovent database: smooth and grooved ones. Initially, a 
smooth tube, inner surface of which was not processed like a copper tube, in general, was used for a 
heat exchanger. For the purpose of saving energy, a tube with internal groove was developed and 
optimization of a groove shape has been pushed forward (Figure 2.5). As the local heat transfer 
coefficient on the refrigerant side is much higher than on the air-side, internal groove are shorter in 
order to achieve a high fin efficiency. The internal surface of the tube is increased by a factor of 1.5 to 
3, while on the air-side it is common to find the heat transfer surface area multiplied by 20. Groove on 
the inner side of tubes are generally straight with a rectangular or trapezoidal shape and are oriented 
along the tube axis. This is generally obtained by extrusion. The recent trend is to use micro-finned 
tubes with very small grooves (0.2 mm) in order to enhance the tube-side performance in evaporation 
or condensation. Tubes could also be helically grooved in one or two directions in order to increase 
mixing and turbulence. 
 

 

Figure 4-16: Smooth and Grooved tubes (ECCJ, 2006) 

 
Water / refrigerant heat exchangers 
 
For condensers of water cooled air conditioners or for evaporators of mini-chillers, refrigerant to water 
heat exchangers are used. Mini-chillers, on both evaporator and condenser sides, use plate heat 
exchangers. It is a plate assembly with circulation of hot and cold fluids alternatively between the 
plates as shown hereunder. It is also the only remaining type of heat exchanger for water cooled air 
conditioners. 
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Figure 4-17: Plate heat exchanger principle, source Alphalaval 

Heat exchangers of EU air conditioners  
 
Technical characteristics 
 
For air to air units, copper tube an aluminium fins heat exchangers are used. Main characteristics of 
tube interior design and fin patterns are reported in the two following figures Figure 4-18 and Figure 
4-19 for single split air conditioners and in Figure 4-20 and Figure 4-21 for multi-split units.  
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Figure 4-18: type of tube interior design for indoor and outdoor air heat exchangers (Eurovent-tech, 
2006) for single split units 
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Figure 4-19: type of fin design for indoor and outdoor air heat exchangers (Eurovent-tech, 2006) for 
single split units 
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Figure 4-20: type of tube interior design for indoor and outdoor air heat exchangers (Eurovent-tech, 
2006) for single split units 
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Figure 4-21: type of fin design for indoor and outdoor air heat exchangers (Eurovent-tech, 2006) for 
multi split units 
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Figure 4-22: type of tube interior design for indoor and outdoor air heat exchangers (Eurovent-tech, 
2006) for window/wall air conditioners 

 



ECODESIGN Lot 10 Draft of Chapter 4 
 

33 

0

5

10

15

20

25

Indoor coil Outdoor coil

N
um

be
r 

of
 li

st
e

d 
un

its

Corrugated

Flat 

Louvered 

 

Figure 4-23: type of fin design for indoor and outdoor air heat exchangers (Eurovent-tech, 2006) for 
window/wall air conditioners 

Hence, major design of split and multi-split units are grooved tubes for indoor and outdoor coils and 
louvered fins. While for window/wall units majority of products have corrugated fin and smooth 
indoor tubes. 
 
For portable units, no data is available.  
 
Space constraint 
 
Space constraint is a relevant limitation to possible eco-design measures to improve the heat exchange 
area of indoor and outdoor heat exchangers. (ECCJ, 2006) notes it is an issue in Japan for residential 
air conditioners because of the standardized space allowed for indoor units installation indoors. This is 
also particularly relevant for portable units whose size is of primary importance and for window/wall 
units that are installed mainly in replacement of older units and then whose size should standardized.  
 
4.1.5 Fans 

Different types of fans are used in room air conditioners. In indoor units, forced air flow can be 
achieves with cross-flow fans or centrifugal fans. Axial fans are used in outdoor units. These fans are 
driven with a variable speed electrical motor or alternatively with several speeds which allows to 
adjust the air flow rate as desired by the end-user. The technical review hereafter shows that split and 
multi-split have varied indoor fans according to the type of indoor unit, while outdoor fans are mostly 
of the propeller (axial) type. Window/wall use primarily centrifugal fans for both sides. Single and 
double duct are an exception since only one fan is used for both evaporator and condenser coils; it is a 
centrifugal fans. Mobile split use propeller fan outdoor and centrifugal fan indoor.  Air cooled mini-
chillers also use propeller fans on the condenser cooling coil.    
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Figure 4-24: Different types of fans (Cory, 1992) 
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Figure 4-25: Fans used in single split air conditioners 
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Figure 4-26: Fans used in multi-split air conditioners 

 
Types of fans Centrifugal Axial Tangential

Indoor coils 15 4 0 
Outdoor coils 13 5 1 

Table 4-3: Fans used in window/wall air conditioners 

4.1.6 Expansion device 
 
The expansion valve is placed between the high-pressure side and the low-pressure side of the 
refrigeration cycle, and its purpose is to maintain the given pressures in these two regions in such a 
way that condensation and evaporation is carried out under the most convenient circumstances. The 
expansion valve controls the flow of fluid into the evaporator. Three types of expansion valves have 
been found in the Eurovent database: capillary, calibrated orifice, thermostatic and electrical 
expansion valves. 
 
Capillary tubes are small-bore, long tubes used in small cooling systems up to a few kW in size. 
Tubes, 1 to 2mm in diameter and up to a few meters long are used to produce the high-to-low side 
pressure drop. As liquid refrigerant passes through the tube, the pressure drops due to friction; the 
reduced pressure causes evolution of refrigerant gas. As liquid is converted to vapour, the velocity 
increases; the acceleration causes additional pressure drop. The tube is essentially  a passive device 
and cannot accommodate a large range of load and system pressures. Capillaries have the advantage of 
being inexpensive and passive. They have the disadvantage of a relatively narrow operating range, 
susceptibility to clogging by small particles, and the requirement of proper charging within rather 
narrow limits. They were most widely used because of their low cost and high reliability but control of 
refrigerant over a wide range of ambient temperature is not optimal. Short tube orifices, very popular 
in automotive application work on the same principles as capillary tubes but the pressure loss is the 
consequence of a restricted tube passage.   
 
The thermostatic expansion valve (TEV) is designed to adjust the refrigerant mass flow rate in order 
to maintain a constant level of superheat. The TEV is opened when the superheat is too high and 
closed when the superheat is too low. The TXV is the most popular method of controlling flow and 
producing the pressure drop in medium capacity systems. The sensor bulb is filled with a small 
amount of the refrigerant in the system to be controlled. Since the bulb is in close thermal contact with 
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the suction line, the thermodynamic state of the controller fluid represents the state of superheat 
refrigerant in the evaporator outlet. It is a more complicated system than static expansion devices as 
capillary tubes and short tube orifices with potential problems as noticed by (Mowris, 2006): TXVs 
are supposed to optimize refrigerant flow and efficiency as cooling loads vary but in USA, most TXV 
sensing bulbs are installed with no insulation and improper contact/orientation. In these conditions, 
hunting may arise (rapid opening and closing of the valve) and harm the compressor while letting 
liquid enter the compressor in those conditions. If properly used, thermostatic expansion valves enable 
to maintain superheat in low range of 4 to 7 K for a large set of operating conditions. For low loads, 
several ports can be used in order to keep flow rate control optimized for all flow rate conditions. 
Main energy efficiency gains for thermostatic expansion valve is achieved at off-design conditions.  
 
An electronically controlled expansion valve enables appropriate degree of throttling based on an 
electronic signal from a microcomputer determining the operating state of an air conditioner. The 
valve is such structured that a pulse motor rotates based on an electronic signal, and a gap between the 
valve and a valve seat is adjusted by converting the rotation into up-and-down motion, thereby 
controlling the degree of throttling. This could achieve efficient control of the refrigerant flow, 
depending on the operating state, such as the changing number of revolutions of a compressor used in 
an inverter air conditioner (ECCJ, 2006). The operating characteristics are close to the thermostatic 
expansion valve but achieve higher precision and then can enable lower superheat values.  

 

Figure 4-27: Electronic expansion valve (ECCJ, 2006) 

Another property of expansion devices is the ability to block refrigerant migration when the unit is 
OFF or cycling ON-OFF. Only thermostatic expansion valves (with hermetic closure), electronic 
expansion valves or the use of a dedicated device as a solenoid valve enables to block refrigerant 
migration.  
 
Expansion devices used in EU air conditioners (in the scope of this study) are reported in the tables 
below.  
 

 types of expansion valve 
Type of air conditioner Capillary Orifice TEV or EEV 

Single split air conditioners 159 17 73 
Multi split air conditioners 43 6 41 

Window/wall air conditioners 6 12 1 

Table 4-4: Expansion device types of single split, multi-split and window/wall air conditioners  



ECODESIGN Lot 10 Draft of Chapter 4 
 

37 

4.1.7 Reversibility 
 
A four-way valve is located at the exit of the compressor and is used to switch the operating mode 
(cooling or heating) by changing the direction of the refrigerant flow. 
This valve is linked to four distinct and separate flow paths: 

- compressor suction (compressor inlet) 
- compressor flow back (compressor outlet) 
- exchanger of the inside unit 
- exchanger of the outside unit 

Inside this valve body, a mobile part can move from a bottom to the other enabling two possible 
configurations: 

- The refrigerant can go from the compressor outlet to the outside coil or from the 
inside coil to the compressor inlet 

- The refrigerant can go from the outside coil to the compressor inlet or from the 
compressor outlet to the inside coil 

In the first configuration, the indoor exchanger works as evaporator and the air conditioner operates in 
the cooling mode. In the second configuration, the indoor exchanger works as a condenser and the air 
conditioner operates in the heating mode. 
 
Because of the difference of volume content between indoor and outdoor heat exchanger, a receiver 
tank may be needed to compensate the volume difference of refrigerant between cooling and heating 
modes for reversible air conditioners. It is then generally located at the outlet of the condenser in 
heating mode and not used in the cooling mode.  
 
In heating mode, the outdoor coil is the evaporator side and then refrigerant evaporating temperature is 
lower than the outdoor temperature by a few °K. Depending on the characteristics of the heat 
exchanger and the operating conditions, when the outdoor temperature drops below 3 to 7 °C, the 
refrigerant temperature in the evaporator becomes negative. At about -3 °C, the evaporator surface 
becomes also negative and frost begins to grow on the outdoor coil (more or less rapidly according to 
the content of humidity in the air at this particular moment around the air coil). If the temperature is 
maintained below 0 °C, the frost accumulates over the coil until it blocks completely the air flow rate. 
Defrosting is then necessary. Several solutions may be used (Argaud, 2001). The more popular 
solution today is to reverse the 4 way valve thus releasing hot gas in outdoor coil for 1 to 3 minutes; 
the time needed for the temperature of the coil to pass over 0 °C. By the past, and there may remain 
some in use, fix clock defrost cycles were started when outdoor temperature was below a certain 
threshold. This was by the past a problem with heat pumps because when there was no frost besides 
outdoor temperature below the threshold, reversing the cycle may increase importantly the high 
pressure until the compressor cut out for safety reason. Today, control is actuated by measuring the 
surface temperature of the outdoor coil or the refrigerant temperature inside the coil.  
 
Concerning design, reversible air conditioners performances are more difficult to increase for both 
modes and some measures that would improve energy efficiency in the heating mode would degrade 
the performance in the heating mode. For instance, increasing the fin density to increase cooling 
performance would be likely to decrease the heating performances in frost conditions.  
 
As seen before, reversible split and multi-split air conditioners are real heat pumps in heating modes. 
On the contrary, portable air conditioners may be either simple electric heaters or heat pumps. Frosting 
is an issue for real reversible cycle portable units.  
Mobile split are mostly real reversible units. Nevertheless, performances may be low at low outdoor 
conditions. For instance, some manufacturers of these units explain in the product documentation that 
the outdoor unit can be put indoors or outdoors indifferently meaning that the COP for low outdoor 
conditions may be close to 1.  
Single duct are mostly reversible with the addition of an electric heater. But some units are advertised 
as real heat pumps. Coming back to the principle of the single duct in heating mode, condenser is in 
contact with air of the room for instance at 20 °C. As consequence, there is little risk to have frost 
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accumulation indoors. However, whether starting heating in a cold room, there may be problems with 
frost indoor. But no information is available on this subject.  The same rationale applies to double duct 
units. Some fix double duct units are specifically advertised for heating purposes with the risk to 
freeze the wall with correlated construction problems.  
 
4.1.8 Control 
 
Air conditioners include a large number of controls managed by a micro computer as all modern 
appliances. Classical safety controls include high pressure cutback to avoid damaging the compressor 
in case of operating with too low leak or in too high temperature conditions outdoor, some have also 
low pressure side control. All compressors have a high temperature control. In case of electronic 
expansion valve, supplementary control are necessary, as well as with inverter driven compressors and 
fans. In case cooling is necessary with low outdoor temperature, compressor manufacturers may 
advise to protect their compressor and not to operate at too low difference between high and low 
pressure side. In that case, a specific control reduces the outdoor flow rate (that may be air or water) to 
increase the high pressure and accordingly energy efficiency is reduced.  
 
Air to air conditioners also propose a dehumidification mode. To that effect, the evaporator refrigerant 
side can include a supplementary controlled expansion valve to reduce the evaporator pressure and 
increase dehumidification capacity while keeping ability to control temperature. In case, this is not 
enough, direct action on the main expansion valve in order to lower the pressure in the whole 
evaporator may be needed.   
 
As energy efficiency features, some units also control the air flow passage of the indoor unit by 
measuring the pressure loss to warn end-users when it is necessary to clean the filter. Some units also 
use sophisticated sensors to detect the presence of persons in the room to be cooled or heated and to 
direct the airflow in their direction. In correlation, a mode sometimes called “Economic” can be 
associated: when nobody is in the room, the cooling or heating operation is stopped.  
For water cooled air conditioners operated in open loop, some manufacturers propose to vary the flow 
rate with load to avoid to waste too much water. As a counterpart, energy efficiency is reduced by 
operation at higher pressure ratio.  
 
For mini-chillers, they are normally operated at constant chilled water flow rate. Manufacturers do 
propose nowadays mini-chillers with integrated pumps and several speeds with control integrated to 
optimize the pump speed as a function of the operating conditions.   
 
4.1.9 Other parts 
 
Air conditioners may be equipped with small pumps that recover the condensate outside or on the 
water network of waste water.  
 
4.1.10 Noise 
 
As explained in task 3 on Consumer Behaviour and Local Infrastructure, noise has became a real issue 
for air conditioners both indoor and outdoor. Noise design choices concern primarily fan and air 
circuit (inlet / outlet) and compressor (either for indoor or outdoor noise) but also the expansion valve. 
It means trade-offs between higher efficient fans and compressors and also supplementary pieces of 
furniture to insulate or isolate the compressor or the expansion valve.   
Even for reversible units, generally a single value for sound power is given. Very few manufacturers 
give both heating and cooling sound information. For some of them, it can be in terms of pressure 
level only. As a consequence, the graph below addresses sound power in cooling mode only. In 
heating mode however, values identified for some manufacturers are very similar (+/- 2 dBA).  
 
The different graphs below show that noise intensities (sound power) are comparable for all types of 
units except the window/wall (that includes air to air packages below 12 kW) that shows higher indoor 
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and outdoor noise intensity. For single duct units and mobile split units, values are very low while the 
compressor is located indoor and there is a centrifugal fan indoor. Some values are certainly 
underestimated.   
 

  

Figure 4-28: indoor and outdoor noise of single split air conditioners 

 

Figure 4-29: indoor and outdoor noise of multi split air conditioners 
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Figure 4-30: indoor and outdoor noise of window/wall air conditioners 

 

Figure 4-31: noise of single duct air conditioners 
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Figure 4-32: noise of mobile split air conditioners 

 
We have not found direct link between power noise and energy efficiency on the dabase of Eurovent 
products. It appears that most efficient products are not more noisy that less efficient ones despite 
when designing a unit, one of the primary parameters, air flow, makes a difference regarding energy 
efficiency.  
 
This is illustrated on the figures below for reversible split units.  
 

Figure 4-33: noise intensity of reversible single split air conditioners – Pc < 6 kW 
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Figure 4-34: noise intensity of reversible single split air conditioners – Pc > 6 kW 
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Figure 4-35: noise intensity of reversible multi split air conditioners – Pc > 6 kW 
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4.2 Production phase 
 
Preliminary Analysis  
 
We currently have 32 Bills of Materials. This preliminary analysis deals with reversible mono-split 
units, since the majority of the Bills relate to these products. Most of them have cooling capacities 
between 2.8 and 4 kW.  
 
They are classified by the manufacturers as  “typical” or “best” models: some are unclassified. As can 
be seen in the chart, the relative of material content varies between products, but the variation within 
any one class is greater than the difference between classes. We therefore propose to combine all three 
classes for further analysis. 
 

Comparison of materials content
From left: "typical" products; "best" products; unclasssified
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Figure 4-36: Material content for single split units in percentage 

 
There does not appear to be any systematic change in composition with cooling capacity, although 
units of around 4 kW cooling capacity appear to be lighter than those of lower or higher capacity. 
 
The average total weight is 14 kg/kW. This is consistent with the figures of 10kg/kW for outdoor 
units, and 4 kg/kW for indoor units derived from the Eurovent database (Eurovent-tech, 2006). 
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Variation of material content with cooling capacity 
(reversible mono splits)
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Figure 4-37: Variation of material content with cooling capacity for reversible single split units  

We therefore propose an initial estimate of the material breakdown as shown in the “average %” 
column below. For information, the table shows the modal values for mono-splits and average figures 
for the four multi-split systems for which we have data. 
 

Material Type Monosplit 

 Average % Modal % 
Multi-split %  
(4 units only) 

Bulk Plastics 16 (14) 13 
TecPlastics 2 (0) 0 

Ferro 45 (47) 57 
Non-ferro 24 (25) 23 
Coating 0 (0) 0 

Electronics 3 (<1) 2 
Misc. 11 (13) 6 

Table 4-5: Average material content of split and multi-split air conditioners 

We may refine these figures and address other product ranges and product types whether more data is 
made available concerning: 
- larger split units [6-12 kW], 
- multi-split units [0-12 kW], 
- portable appliances (single and double duct units and mobile split units), 
- window/wall air conditioners, 
- mini-chillers. 
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4.3 Distribution phase 
 
A default value of 0.25 m3 per packaged product for 3.5 kW single split and moveable units is kept.  
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4.4 Use phase product 
 
4.4.1 Energy use 
 
The cooling (heating) capacity and energy efficiency ratio - EER (COP in heating mode) vary with 
indoor and outdoor conditions and load ratio. In order to make product performances comparable, 
standard (also called rating) performances are defined by manufacturers. Nevertheless, the conditions 
in real life are never the standard conditions and then performances vary importantly along the year.  
 
Standard and off-design performance are then described as follows:  
- performances in standard conditions, 
- performance variation with indoor and outdoor conditions, 
- performance variation with load ratio. 
 
4.4.1.1 Standard energy efficiency 
 
All types of air conditioners in scope have similar conditions for similar combination of fluids at their 
heat exchangers (air / air …) except single duct air conditioners.  
 

 Outdoor heat exchanger Indoor heat exchanger 

AIR TO AIR // COOLING  
Inlet dry bulb 
temperature  

°C  

Inlet wet 
bulb 

temperature 
°C 

Inlet dry 
bulb 

temperature 
°C 

Inlet wet 
bulb 

temperature 
°C 

Split, multi-split, window/wall, double duct 35 24 a
 27 19 

Single ductb _test labelling 35 24 35 24 
Single ductc  _test rating 27 19 27 19 

AIR TO WATER // COOLING 
Inlet dry bulb 
temperature  

°C  

Inlet wet 
bulb 

temperature 
°C 

Inlet 
temperature 

°C 

Outlet 
temperature

°C 

Mini-chillers air to water 35 24 12  7  

WATER TO AIR // COOLING 
Inlet 

temperature 
°C 

Outlet 
temperature 

°C 

Inlet dry 
bulb 

temperature  
°C  

Inlet wet 
bulb 

temperature 
°C 

Water to air (split, multi-split and 
window/wall) 30 35 27 19 

WATER TO WATER // COOLING 
Inlet 

temperature 
°C 

Outlet 
temperature 

°C 

Inlet 
temperature 

°C 

Outlet 
temperature

°C 

Mini-chillers air to water 30 35 12  7  

AIR TO AIR // HEATING  d 
Inlet dry bulb 
temperature  

°C  

Inlet wet 
bulb 

temperature 
°C 

Inlet dry 
bulb 

temperature 
°C 

Inlet wet 
bulb 

temperature 
°C 

Split, multi-split, window/wall, double duct 7 6 
 20 15 max 

a The wet bulb temperature condition is not required when testing units which do not evaporate condensate. 
b When using the calorimeter room method, pressure equilibrium between indoor and outdoor compartments shall be 
obtained by introducing into indoor compartment, air at the same rating temperature conditions. 
c Standard EN 14511 presently indicates labelling should be based on the 35/24 test point and rated capacity on the 27/19 test 
point. 
d Reversible single duct are not covered by the EN 14511 standard but are covered by the labelling directive.  
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Figure 4-38: Standard test conditions for air conditioners (EN 14511, 2004) 

In the table below, we have gathered from varied sources (Eurovent, 2006), manufacturers’ catalogues, 
importers’ websites … declared performances as in 2006. Analysis of the values in the table is then led 
by technical product type.  
 

Technical type Cooling capacity EER Heating capacity COP 
 Min Max Ave Min Max Ave Min Max Ave Min Max Ave 
Cool. only 1.6 6 3.99 2.21 4.08 2.81       Single 

split 
(<6kW) Reversible 1.64 6 3.85 2.21 5.51 3.06 1.64 7.2 4.41 2.42 5.71 3.31 

Cool. only 6.07 12 8.17 2.1 3.24 2.58       Single 
split  [6-
12kW] Reversible 6.05 12 8.23 1.85 4.17 2.73 6 14.4 9.09 2.25 4.48 3.06 

Cool. only 2.55 6 4.86 2.21 4.21 3.05       Multi 
split 

(<6kW) Reversible 2.8 6 5.03 2.25 4.21 3.12 3.1 9.26 6.25 2.45 4.63 3.38 

Cool. only 6.04 10.7 7.5 2.21 3.26 2.75       Multi 
split  [6-
12kW] Reversible 6.1 12 7.86 2.26 4.58 3.02 6.15 13.9 9.30 2.45 4.48 3.44 

Window/ 
wall  Cool. only 2.05 11.8 4.64 2.15 2.99 2.47       

Cool. 
only/Air 
cooled 

3.66 11.7 7.90 1.89 3.01 2.30       

Chillers 
Cool. 

only/Water 
cooled 

4.5 11.5 7.86 3.06 4.32 3.91       

Single duct 1.8 4.4 2.67 1.81 4.12 2.67 1.6 4.4 2.71 2.63 3.96 3.2 
Double duct 1.87 3.52 2.47 2.21 2.67 2.44 1.35 3 2.1 1 2.67 2.16 

Mobile split air 
conditioner 

2.35 4.35 3.25 2 3.73 2.87 1.6 4.22 2.97 1 3.67 2.28 

Table 4-6: Standard performances for air conditioners, miscellaneous sources 

Single and multi-split air conditioners 
The source of data is the Eurovent on line catalogue (Eurovent, 2006). Average EER of single split air 
conditioners is higher for the [0-6] kW cooling capacity range and reversible products – 3.06 - than for 
non reversible products – 2.81- and than for more than 6 kW units –cooling only: 2.58 and reversible 
2.73. The same trend can be observed for multi-split units with slightly higher EER values. This 
tendency is linked to the high proportion of highly efficient Asian products, that are mainly in the 
lower capacity range and reversible. Interestingly, split and multi-split units beyond 6 kW exhibit the 
same average EER. For reversible units in heating mode, smaller single split units are also more 
efficient, 3.31 against 3.06. Multi-split units are more efficient than single split units and larger than 6 
kW cooling capacity units are more efficient than smaller than 6 kW units - < 6 kW COP = 3.38, and > 
6 kW COP = 3.44.  
The split and multi-split reversible units present the larger discrepancies between lower and higher 
energy efficiency ratios and then potential for energy efficiency improvement.  
The average values may be underestimated because of the larger sales of lower capacity and higher 
efficient products. Sales weighted average values are being gathered by Eurovent for split and multi-
split air conditioners [0-12] kW by capacity class.  
 
Portable air conditioners: single duct and double duct, mobile split 
The dominant portable type (See task 2, market analysis) is the single duct type. Average capacity of 
the market analysis has been identified to be around 2.7 kW which is in good agreement with products 
identified in the manufacturers and importers brochures. Average efficiency is 2.67. For only two units 
advertised as reversible, heating capacities are of the same order of magnitude, around 3 kW, and COP 
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superior to 3. Apparently, the potential for improvement is high. But in line with comments in the 
consumer survey led in (Which, 2007), some declared values are doubtful.  
As required, double duct manufacturers take benefit of the modified labeling scale of the Directive 
31/2002/EC, the same one as for split and multi-split less 0.4.  
 
Window/Wall air conditioners 
Average EER are lower than for split air conditioners with small differences between units: energy 
efficiency ratios lie between class B and F of the labeling directive 31/2002/EC, with grade D as the 
average.  
 
Mini-chillers 
Cooling capacity and energy efficiency are reported in the table below. Results are extracted from the 
Eurovent directory 2006. Cooling only mini-chillers represent 15 % in number of models of the 0-12 
kW range. In the Eurovent Directory 2007, ESEER seasonal performance values can also be found. 
This point will be discussed with seasonal performance indicator afterwards in this chapter.  
 
Water cooled air conditioners 
Concerning water cooled split, multi-split air conditioners and package air conditioners, about 20 
products have been identified on the EU market. Average EER is 3.5 and EER extends to EU energy 
label grades F to A, one model having a 4.59 EER, above grade A, with grade D as the average. The 
same results is observed for the heating mode.    
 
Standard EER and COP values 
 
For what follows, energy consumptions are calculated for the base cases as identified in task 5, with 
corresponding EER and COP values, that are reported hereafter.  
 

Base case Cooling capacity 
kW 

Heating capacity 
kW 

EER COP 

Moveable 2.2  2.3  
Split cooling only 3.5  2.9  
Split cooling only 7.1  2.5  
Split reversible 3.5 4 3.1 3.4 
Split reversible 7.1 8.1 2.8 3.3 

Table 4-7: Default capacity and efficiency values of base cases, as determined in task 5 

4.4.1.2 Variation of performances with source conditions 
 
Variation of cooling performances with outdoor and indoor source conditions 
 
Generic behavior of air conditioning systems is: when outdoor temperature decreases, cooling capacity 
and energy efficiency ratio (within certain limits) increase. When indoor temperature increases, the 
cooling capacity and the energy efficiency ratio decrease. Such data are rarely supplied by 
manufacturers. Default models for simulation tools are generally set up with existing manufacturer 
information for average efficient models, as the one extracted from (Consoclim, 2004). Indoor air flow 
rate is set constant as well as inlet air humidity ratio (50 %).  
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Figure 4-39: Typical variation of cooling capacity, EER and SHR for an average single split unit, 
source (Consoclim, 2004) 

Variation of efficiency is dependent on many design parameters of the air conditioners as the 
refrigerant type used, the heat exchanger efficiency, the compressor performance curves -indeed, the 
variation of source temperatures implies variations of the compression ratio of the compressor.  
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In addition, for air conditioners with air as the coolant, part of the cooling capacity is sensible and part 
is latent: a part of the capacity corresponds to the dehumidification capacity of the cooling coil which 
depends on the characteristics and operating conditions of the indoor coil heat exchanger, including 
the temperature and humidity of the indoor air. The ratio of the sensible capacity (temperature 
decrease) to the total cooling capacity is called the SHR and is represented in Figure 4-39 for a 
constant humidity ratio of 0.5. In standard rating conditions, the SHR is close to 0.7.  
Dehumidification capability is not so important for residential application, especially since European 
climate is rarely hot and humid as opposed to Japan or South-China climate. Nevertheless, it may be 
of importance that the unit dehumidifies correctly particularly in shops and offices. Highly efficient 
appliances may have lower dehumidifying capacities in standard conditions. But all units propose a 
specific dehumidification mode and some a dual mode with both dehumidification and temperature 
control.   
 
Modeling results are reported in the annex 4.1.A for the tested reversible air conditioner with inverter.   
 
 
Variation of heating capacity and COP with outdoor air temperature and humidity ratio 
 
Manufacturers generally supply little information on the heating performances of air to air reversible 
air conditioners at varied outdoor conditions. When outdoor air temperature decreases, the pressure 
ratio increases. This induces a decrease in performances. Depending on the design of the heat pump 
and of the humidity content of the air, frost accumulation occurs starting from around 7 °C to 3 °C. 
Then, defrosting is needed and a consequent degradation of COP and of heating capacity occurs. The 
effect of these two trends is presented on the figure below. 
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Figure 4-40: COP and heating capacity variation of air source heat pumps with outdoor air 
temperature and humidity (Schibuola, 2000) 

As explained by (Schibuola, 2000), the impact of frosting / defrosting cycles will depend on the 
defrosting means used. In the past, fixed time interval methods were mainly used. The heat pump 
defrosted the outdoor coil at regular time steps (typically every 45 minutes to 1 hour) whatever the 
state of the coil may be. Control now normally uses on demand defrost control. The decision to launch 
a defrost cycle is based on the control of the temperature of the refrigerant or of the surface 
temperature of the outdoor heat exchanger. As explained by (Schibuola, 2000), the heat pump 
performance is then again more likely to be influenced by the humidity content of the air. However, no 
data of this influence has been identified. With the sensitivity proposed by (Schibuola, 2000), given 
that for temperatures below 7 °C, average winter humidity ratios (HR) are superior to 70 % for all 
European climates, it seems acceptable to fix the air humidity of the H1 (HR =87 %), H2 (HR =80 %) 
and H3 (HR =77 %) points.  
Only for performances in H3 conditions (dry bulb temperature -7 °C, Wet bulb temperature – 8°C) of 
the ISO 5151 and EN 14511 standards have been identified. They come from 3 different sources the 
Eurovent database of certified products (Eurovent-tech, 2006), the recent test campaign led in the 
Swedish SP test laboratory (SP, 2005) and information supplied by Japanese manufacturers on air to 
air reversible air conditioners (with limited range of application: heating capacity inferior to 4 kW, 
refrigerant fluid R410A, inverter driven compressor) sold in Japan. Variation of the ratios of COP and 
heating capacity at H3 conditions to the COP and heating capacity at H1 conditions (dry bulb 
temperature 7 °C, Wet bulb temperature 6°C) is presented in the figure hereunder. 
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Figure 4-41: Ratio of COP and heating capacity (CAP) variation of air source reversible air 
conditioners in heating mode with outdoor air temperature and humidity in comparison of standard 
COP and heating capacity in H1 conditions; sources (Eurovent-tech, 2006), (SP, 2005) and (JRAIA, 
2007). Nota: heating max COP and CAP figures are independent, e.g max curves do not refer to the 
same unit. 
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The variation in performances of the different units with temperature fall in heating mode is important. 
Since it is not required in the EN 14511 standard today, it is not possible to compare all units. It is 
certainly a possible improvement of the nowadays standard. Nevertheless, it should certainly be 
considered in the calculation of the energy consumption of the reversible air conditioners in the frame 
of this study. Default values for the evolution of the heating capacity and of the coefficient of 
performance could be the SP_min_COP and SP_min_CAP curves of Figure 4-41, since not too far of 
the average evolution of the larger set of data available (Eurovent-tech, 2006).   
 
Variation of heating capacity and COP with indoor air temperature 
 
As for variations of performances in the cooling mode with indoor conditions, these data are generally 
not supplied by manufacturers. When outdoor temperature is near the beginning of the frost / defrost 
range (between 3 and 7 °C), there may be coupled effects between variations of outdoor and indoor 
conditions. Nevertheless, these effects are not modeled even in best building simulation tools. 
Modeling results as reported in the annex 4.1.A for the tested reversible air conditioner with inverter 
are presented hereunder. The impact of the indoor temperature on the heating capacity is low but more 
important on the electric power input of the compressor. Final sensitivity of the COP is in the range of 
1 to 2 % per °C.  
 

Figure 4-42:  Indoor unit heating capacity as a function of indoor and outdoor air temperature-heating 
mode 
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Figure 4-43: air conditioner COP as a function of indoor and outdoor air temperature-heating mode 
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Default behaviour laws 
 
For energy consumption calculation of split appliances, standard laws of variations of the 
performances of the unit with indoor air conditions and outdoor air conditions are the ones of the 
model tested as reported in annex A of this task. 
 
Concerning single duct unit, the laws of variation of performances with indoor conditions (condenser 
side air inlet temperature is also the indoor air temperature for these appliances) are reported below. 
 
Note that the reference EER is lower than appears in the following graph finally, 2.3 instead of 2.6 but 
that what matters here are the variations as compared to rated full load performances when indoor air 
conditions vary.  
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Figure 4-44: Performances variations of the single duct unit with variation of indoor air temperature at 
full load, relative humidity is set constant at 47 %.  
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4.4.1.3 Variation of performances with load ratio 
 
The two ways of capacity control on the EU market for products in the range are ON-OFF cycles and 
inverter controlled compressors.  
 
ON-OFF cycle part load efficiency degradation 
 
 
PRESSURE EQUILIBRIUM 
 
When the unit is started, energy is used to establish high and low pressure then reducing cooling 
capacity available for a short period of time. When unit is shut down, this energy is partly lost with 
pressure equalisation. As explained in (Henderson, 2000), this phenomena has been first modelled by 
(Parken, 1977) simply by taking into account a lag time in cooling capacity or heating capacity after 
compressor start-up; they referred to the normalised efficiency degradation as the part load factor, or 
PLF. 

yeEfficiencSteadyStat
ficiencyPartLoadEf

PLF �  

 
On a cycle, the lag time is dependent on the air conditioner while the cycle time and relative ON and 
OFF times depend on the operating conditions, it is necessary to define the thermostat law of the air 
conditioner for a given application. A default thermostat law has been defined (Henderson, 2000) that 
corresponds to 3.25 cycles per hour. This can vary with the dead band control allowed by the air 
conditioner: set point more or less 1 °C or more or less 2 °C for instance. Henderson reports lower 
average maximum cycle rates of 2.5 in a study led in the USA in 1991.  
 
(Parken, 1977) were the first to form a part load correlation. They used this concept to develop the part 
load degradation coefficient (Cd), that translates a linear degradation of efficiency with part load ratio. 
  
PLF = EER part load / EER full load = 1 – Cd*(1-PLR) 
 
The maximum number of cycles per hour directly impacts the PLF law for the same equipment with a 
given time constant at start-up.  
 
Another important factor that affects this part load degradation is the design of the air conditioner. 
Whether the fan remains on while the compressor stops, there may remain cooling capacity without 
the compressor running. This will compensate partly the start-up efficiency loss. Another design 
solution is to use expansion valves or other means (solenoid valves) that enable to block the pressure 
equilibrium when the air conditioner starts. This can be done with non-bleed thermostatic expansion 
valves, solenoid valves or electronic expansion valves.  
 
In the USA, default values have been defined for the Cd coefficient. For air conditioners, a default 
value of 0.25 is used (ARI Standard 210/240). For chillers, a default value of 0.1 is used. For air 
conditioners only, a procedure exists to challenge the default value. The unit is forced on-off for a 
period ON of 6 mn and a period OFF of 24 minutes, thus simulating approximately a 20 % part load 
ratio.  
As reported by (Shirey, 2005), Historically these tests have been completed at dry coil conditions to 
make the test more manageable and repeatable. Work at the National Institute of Standards and 
Technology (NIST) had shown that transient measurements of humidity (or wet bulb) were difficult 
and that a cyclic test at dry-coil conditions yielded the same result as at wet-coil conditions. A well 
known default of this testing method is that forcing the fan to work after compressor stop enables to 
decrease the Cd coefficient while in real life, this would induce a small E  
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ER decrease and a large loss of cooling latent capacity (Shirey, 2005). In 2002, the US DOE 
(Dougherty, 2002) with cycling testing results based on two large databases (ARI and NIST) studied 
the possibility to modify the default value of 0.25 for units that used expansion valves or other means 
to stop or mitigate refrigerant migration at compressor stop. The idea was to avoid as much as possible 
these time consuming cyclic tests.  
 
The different categories as reported in the table below were set up. 
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Table 4-8: Identified categories of different Cd values, (Dougherty, 2002) 

 
Whether average of these groups were clearly different, but with a bias in the two sets of databases, of 
respective averages 0.07 (ARI) and 0.11 (NIST). The default value of Cd=0.25 has been kept until 
now. The table below gives for different default values by group, the percentiles that would cover the 
US central air conditioner Cd coefficients. 

 
  

Percentile A B1 B2 C 
99th 0.24 0.16 0.22 0.15 
95th 0.22 0.14 0.14 0.12 
90th 0.16 0.14 0.12 0.10 
85th 0.14 0.12 0.11 0.09 
80th

 0.12 0.12 0.10 0.08 
75th

 0.12 0.11 0.10 0.07 
70th

 0.11 0.11 0.09 0.06 
60th

 0.10 0.09 0.08 0.05 
50th

 0.09 0.07 0.07 0.04 
     

Sample 
Size 

77 58 109 78 

  

Table 4-9: Possible default Cd values for central air conditioners in the US, (Dougherty, 2002) 

 
“STAND-BY” LOSSES 
 
As previously mentioned, air conditioning systems may have parasitic electric consumption when the 
compressor is not running. This translates in an hyperbolic EER degradation when load ratio declines 
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to 0. The equation for this simply assumes a constant supplementary power that does not decrease with 
load. Then, PLF can be written as:  
 
PLF = EER part load / EER full load = Load  / (Cc * Load +(1 – Cc)) 
With  
Cc = 1- “Measured sleep power” / (Pe (c)) 
 
This degradation can generally be neglected for cycling except when the crankcase heater works when 
the compressor is OFF. The following figures illustrate 3 different values corresponding respectively 
to 1, 2 and 3 % of the electric power of the compressor at full load (Henderson, 2000).  
 

 

Figure 4-45: Part load degradation as a function of pr (=Cc) for 1 %, 2 % and 3 % of nominal full load 
compressor input, source (Henderson, 2000) with Cd = 0.25 

For units with crankcase heaters, values identified for Cc in the technical analysis by component for 
EU compressors in the range 0.5 % to 3 %. For the time of cooling or heating operations, the yearly 
impact will then be dependant on the load curve applied, the sizing of the air conditioner as regards to 
the maximal load, the nature of the load (internal or climatic) …  
The US DOE acknowledges this possible supplementary consumption and assumes it is taken into 
account because when the testing is made, energy consumption of the compressor is accounted for. 
The figure below shows the Cd linear coefficient and the real slope in case of parasitic losses. 
Nevertheless, the parasitic losses outside heating and cooling periods are not accounted for.  
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Figure 4-46: Degradation performance curve as modelled with Cd and in case of parasitic losses 
(Dougherty, 2002) 

Another interesting point at part load conditions is the lower latent capacity of the indoor coil in 
cooling mode. A comprehensive study has been led (Shirey, 2005) and default models that depend on 
the design of the air conditioners are available. 
 
ON-OFF cycle part load efficiency degradation: default hypothesis for base case energy computation 
 
Final default values for energy consumption calculation are: Cd = 0.2 and Cc=0.025. This gives about 
25 % degradation at 25 % load ratio. This curve is kept to represent cycling for both cooling and 
heating mode, for split and single duct units.   
 
Inverter driven air conditioners: energy efficiency part load curves 
 
Energy efficiency with inverter has been the subject of many research publication by the past because 
of the potential energy efficiency gains. Operating at reduced flow rate instead of cycling the 
compressor ON-OFF enables to take advantage of lower temperature differences between outdoor 
fluids and refrigerant temperatures. Compressor ratio is then decreased. According to the compressor 
efficiency for this new conditions, the energy efficiency at part load may be more or less improved.  
Test results obtained on 11 heat pumps as published by (SP, 2005) are reported in the graph below. 
Units were tested at 75 % heating capacity and 50 % heating capacity at 7 °C. At 2 °C, only one point 
is available around 50 %. Results are presented as the ratio of COP at at part load to the COP at full 
load for outdoor and indoor conditions as a function of the load ratio.  

Figure 4-47: Part load performances of inverter driven air to air heat pumps (SP, 2005) 

It appears that the energy efficiency generally increases with the reduction in refrigerant mass flow 
rate. At about 50 %, energy COP, as referred to full load COP lies between 97 % and 153 %. For 

COP / COP full load increase (%)

80%

90%

100%

110%

120%

130%

140%

150%

160%

30% 40% 50% 60% 70% 80% 90% 100%

Part load ratio (%)

Foma 5500 Inverter

Fujitsu AOY9LFBC

Hitachi RAK 25 NH4/RAC
25NH4

Mitsubishi Heavy Industries LTD
SRK 35ZD-S/SRC 35ZD-SA

Sanyo SAP-CRV93EHN

Toshiba RAS 10JKVP-E/JAVP

Chofu Sereno

Mitsubishi Electric MSZ-
FA25VAH-E1

Sanyo Sap-KRV123EH/SAP-
CRV

IVT Nordic Inverter

IVT Nordic Inverter 09 FRN



ECODESIGN Lot 10 Draft of Chapter 4 
 

60 

different outdoor temperatures, this ratio may vary substantially, see for instance the Chofu Sereno 
heat pump in the figure above.  
 
The same type of results in cooling mode has been supplied by Japanese manufacturers (JRAIA, 2007) 
and is presented in the table below. Results apply to a limited range of products sold in Japan 
(residential, below 4 kW, refrigerant R410A). The trend observed is about the same. The increase of 
EER is in average of 36 % at 50 % load rate.  
 

 EER 100% EER 50% EER 50%/EER 100%��
Air conditioner A 3.67 5.1 1.39��
Air conditioner B 3.8 5.33 1.4��
Air conditioner C 3.37 4.45 1.32��
Air conditioner D 3.29 4.43 1.35��

Average 3.53 4.83 1.36 

Table 4-10: Part load performances of inverter at 50 % load ratio, (JRAIA, 2007) 

Japanese manufacturers expect performances to maintain at lower load ratio, as reported in the part 
load performance standard JRA4046 (JRAIA, 2004). 
In fact, it may exist a minimum working frequency  under which the compressor will cycle ON and 
OFF as a fix speed compressor. In that case, the ON-OFF degradation part above should apply.  This 
is illustrated by experimental results of (Anglesio, 2001). An illustration can be found in (Bory, 2006).  

Figure 4-48: Part load performances of inverter driven air to air heat pumps (SP, 2005) 

Beyond a load ratio of 40 %, the energy efficiency at part load decreases following the same equations 
as for compressor ON-OFF cycling.  
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4.4.2 Refrigerant use 
 
This point has been studied precedently in task 3.1.2.2 in order to assess the real life efficiency 
decrease due to refrigerant charge leakage. 
 
4.4.3 Water use 
 
Water consumption is relevant for water cooled air conditioners working in open loop. According to 
national legislation, it can be authorized or not but precise information on this point has not been 
gathered. It is also relevant for units proposing evaporative cooling on the indoor coil as a 
supplementary cooling capacity (some single duct units) and for air cooled units that do evaporate 
water on their condenser side in cooling mode to reduce the refrigerant condensing temperature and 
thus reduce their energy consumption.  
 
Water cooled air conditioners 
 
Flow rates are indicated by manufacturers, either in close or open loop. Water flow rates are generally 
reduced in open loop, from 200 l/h/kW (kW of standard cooling capacity) for close loop circuits to 40 
l/h/kW.  
 
Water cooled air conditioners with cooling tower 
For closed loop circuit, there is a loss also of water in case an open cooling tower is used. Evaluation 
made in (EECCAC, 2003) amounted to around 4 l/h/kW.     
 
Evaporatively-cooled air conditioners 
It is a classical feature to use the water extracted from the air of the room to decrease the dry bulb 
temperature of the air through the condenser. There is no additional water consumption in that case. 
Adding water, either by a small water tank to be filled or directly water from the network, is an option 
already used: DeLonghi in its technical specification indicates a 20 % increase in cooling capacity 
thanks to the evaporatively cooled condenser. The potential energy savings and water consumption 
will be analysed in task 6.  
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4.5 Use phase (system) 
 
For air conditioners, the total energy consumption is the product of the cooling (and heating for 
reversible units) thermal energy needed multiplied by the energy efficiency. The operating conditions, 
like outdoor conditions of operation and average load, are a function of the climate, the sizing of the 
unit as compared to the cooling and heating needs and the energy efficiency of the unit for the 
different operating conditions.  
This part on system analysis intends to supply a complete analysis of operating conditions for the 
different types of products. It is made of the following steps: 

�x�� Reconstitution of the heating and cooling energy thermal needs,  
�x�� Sizing cooling and/or heating capacity of equipment, 

It will then be possible to calculate the final energy consumption of the products for different 
buildings, climates, integrating also real life conditions.  
 
4.5.1 Heating and cooling energy need calculations 
 
The general objective here is to calculate the heating and cooling demand that air conditioners face 
during their life. As shown in the use phase of the product, the annual cooling and heating 
requirements are to be calculated not only according to EN 14511 test standard conditions but also 
under off standard conditions in order to be able to calculate the annual energy use consumption.  
The analysis methodology was selected to study the factors that affect air conditioner efficiency and 
which are mainly: 
�x�� Climate  
�x�� Heating and cooling load (related to buildings) 
 
A key assumption for the analysis to be performed is the definition of buildings. Their thermal 
characteristics vary not only by climate but also by building type. The building types selected 
following the market analysis in task 2 are: 
�x�� Residential, 
�x�� Small office, 
�x�� Small Retail. 
 
These three buildings types accounted for the three main representative sectors in which RAC are 
installed, in accordance with market analysis results. Moreover, and in order to represent building 
stock, buildings were categorized for old (those built prior to a specific chronology for each country) 
and new construction vintages.  
 
The methodology is in three steps: 
1. Define detailed building characteristics for “old” and “new” constructions.  
2. Simulate annual cooling and heating thermal energy required yearly using building energy 
simulation software. 
 
4.5.1.1 Building Energy Simulation 
 
Our approach is to use building energy simulation for the analysis of energy efficiency and building 
loads. Such an approach requires collection of information such as detailed building geometry, a 
complete envelope description to incorporate construction and glazing thermal characteristics, air-
conditioning systems, control methods, and hourly weather information. Building Energy simulation 
usually requires more than 10 weather parameters including solar radiation, temperature, humidity, 
wind speed, wind direction, cloudiness conditions, atmospheric pressure. Here follows the general 
description of the framework of the performed simulations.  
 
4.5.1.2 Building Description 
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Geometry  
 
Residence 
The residence is modeled as an apartment with characteristics as defined in Table 4-11. The exposed 
surfaces are the roof and facades in four orientations, while the floor is detached to a fully symmetric 
zone with identical boundary conditions. The exterior dimensions are 8 by 12.5 m with a total floor 
area of 100 m2. The exposed wall area is 98 m2. Distinct windows are placed in each wall with a 
window to wall ratio of 0.15, where operable shades are employed. The conditioned area represents 
the 30% of the total floor area, with south and west exposed facade.  
 
Office 
The office is modelled as a rectangular building with a core, conditioned zone and characteristics as 
described in Table 4-12. The exterior dimensions are 10 by 10 m with a total conditioned space of 100 
m2. The flour is detached to a fully symmetric zone with identical boundary conditions.  
 
Retail    
The retail store is modelled as a rectangular building with a single zone, as part of a strip mall with 
adjacent zones on two sides, characteristics as identified in Table 4-13 and in two orientations (north-
south). The exterior dimensions are 25 by 25 m2 with 50 m2 of total conditioned floor area. Windows 
to wall ratio was set equal to 0.6, with operable shades.   

Table 4-11: Construction, Internal Load and cooling equipment characteristics for Residence  

Construction  Characteristic Old  New 
Zones 1 (conditioned) 

1 (unconditioned) 
  

Floor area 100 m2   
Roof  U-values range 

(W/m2K) 
0.2-0.9 0.2-0.5 

Wall constructions U-values range 
(W/m2K) 

0.2-1.2 0.3-1.2 

Windows 16 m2   
 Clear with operable 

shades 
  

Interior Load    
Infiltration Air Change per hour 

(ACH) 
0.8-1.5 0.2-0.4 

Lighting 7-15 (W/m2)   
Equipment 7-10 (W/m2)   
Occupancy 1 person / 20 m2   
Equipment     
Thermostat Cooling set point  25-26 25-26 
Natural ventilation Window operation 

available 
  

Table 4-12: Construction, Internal Load and cooling equipment characteristics for Office 

Construction  Characteristic Old  New 
Zones 1 (conditioned) 

1 (unconditioned) 
  

Floor area 100 m2   
Roof  U-values range 

(W/m2K) 
0.2-0.9 0.2-0.5 

Wall constructions U-values range 
(W/m2K) 

0.2-1.2 0.3-1.2 
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Windows 25 m2   
 Clear with operable 

shades 
  

Interior Load    
Infiltration Air Change per hour 

(ACH) 
0.8-1.5 0.2-0.4 

Lighting 15-18 (W/m2)   
Equipment 12-15 (W/m2)   
Occupancy 1 person / 9 m2   
Equipment     
Thermostat Cooling set point  24-26 24-26 
Natural ventilation Window operation 

available 
  

Table 4-13: Construction, Internal Load and cooling equipment characteristics for retail  

Construction  Characteristic Old  New 
Zones 1 (conditioned) 

 
  

Floor area 50 m2   
Roof  U-values range 0.2-0.9 0.2-0.5 
Wall constructions U-values range 0.2-1.2 0.3-1.2 
Windows 30 m2   
 Clear with operable 

shades 
  

Interior Load    
Infiltration Air Change per hour 

(ACH) 
0.8-1.5 0.2-0.4 

Lighting 15-25 (W/m2)   
Equipment 5 (W/m2)   
Occupancy 1 person / 5 m2   
Equipment     
Thermostat Cooling set point  22-26 22-26 
Natural ventilation Window operation 

available 
  

 
Building Envelope 
 
Since the focus is to perform a comparative analysis, building characteristics were selected to be 
representative and adaptive to weather variation. Opaque and transparent surfaces exhibit local 
variation in Europe, so they were not selected to be uniform.  
Roof, wall, floor and window characteristics, were initially identified through national questionnaires 
and the calculated U-values were in good agreement with Ecofys/Eurima data concerning old and new 
constructions. U-values for both opaque and transparent elements, as well as for old and new 
constructions, were classified in five groups, being representative of building characteristics adaptive 
to climate (Table 4-14).  

Table 4-14: U values for old and new construction in different climates  

U-values 
( W/m2K) Old Construction New Construction 

COLD: FI, SE 
Roof 0.2 0.15 
Wall 0.3 0.2 
Floor 0.2 0.18 



ECODESIGN Lot 10 Draft of Chapter 4 
 

65 

Windows 2 1.4 
MODERATE: AT, BE, DK, FR, DE, IE, LU, NL, UK 

Roof 0.5 0.25 
Wall 1.2 0.45 
Floor 0.8 0.53 

Windows 3.44 2.95 
WARM: GR, IT, PT, ES, CY, MT 

Roof 0.9 0.5 
Wall 1.2 0.6 
Floor 0.8 0.53 

Windows 5.68 3.44 
CENTRAL EASTERN EU COUNTRIES: PL, SK, SI 

Roof 0.5 0.23 
Wall 0.6 0.34 
Floor 0.53 0.44 

Windows 3.44 1.4 
BALTIC REPUBLICS: EE, LV, LT 

Roof 0.5 0.2 
Wall 0.6 0.26 
Floor 0.53 0.29 

Windows 3.44 1.4 
 
Internal gains 
 
Internal loads in buildings are due to occupancy (people / m2), lighting and electrical equipment.  We 
have assumed that there is no local variation, but there is a clear dependence on the type of use. 
Magnitude and schedules are listed in Table 4-15, and Table 4-16, Table 4-17, Table 4-18, 
respectively.  
The heat input per person was considered according to ISO 7730, while for the artificial lighting it was 
assumed that 60 % of the input contributes to the zone heat balance as convective heat and 40 % as 
radiative.  

Table 4-15:  Internal Gains 

 Office Resident Shop 
Lighting (W/m 2) 15 10 25 
Equipent (W/m2) 15 7 10 
Occupancy (person 
/ m2) 

1/9 1/20 1/5 

Table 4-16: Schedules for shop 

Working Day 
HOUR OCCUPANCY TEMPERATURE LIGHTING EQUIPEMENT 
00-08 0 SetBack 0.05 0.05 
08-09 0.1 SetPoint 1 1 
09-10 0.25 SetPoint 1 1 
10-19 0.5 SetPoint 1 1 
19-24 0 SetBack 0.05 0.05 
Weekend 
00-08 0 SetBack 0.05 0.05 
08-09 0.1 SetPoint 1 1 
09-10 0.25 SetPoint 1 1 
10-19 0.5 SetPoint 1 1 
19-24 0 SetBack 0.05 0.05 
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00-08 0 SetBack 0.05 0.05 

Table 4-17: Schedules for office 

Working Day 
HOUR OCCUPANCY TEMPERATURE LIGHTING EQUIPEMENT 
00-08 0 SetBack 0.05 0.05 
08-09 0.1 SetPoint 1 1 
09-10 0.25 SetPoint 1 1 
10-19 0.5 SetPoint 1 1 
19-24 0 SetBack 0.05 0.05 
Weekend 
00-24 0 SetBack 0.05 0.05 

Table 4-18: Schedules for residences  

Working Day 
HOUR OCCUPANCY TEMPERATURE LIGHTING EQUIPEMENT 
00-07 0 SetBack 0 0.05 
07-09 1 SetPoint 1 1 
09-17 0 SetBack 0.05 0.05 
17-23 1 SetPoint 1 1 
23-24 0 SetBack 0 0.05 
Weekend 
00-09 0 SetBack 0 0.05 
09-23 1 SetPoint 0.05 1 
23-11 0 SetBack 0 0.05 
 
Infiltration and Ventilation 
 
Infiltration rates were set equal to 0.4 and 0.6 air change per hour for new and old constructions 
respectively. Ventilation rates have been calculated as a function of occupancy (number of people and 
schedule of use) using the standard value of 8 l/s/person.  
 
4.5.1.3 Energy Simulation Software  
 
Detailed computer simulation has been performed using TRNSYS 16 model, which calculates 
building energy consumption on an hourly basis over a year (8760 hours) using local hourly weather 
data.  
TRNSYS is a general purpose, component-based hourly simulation program, constantly included in 
State-of-the-Art reviews for building and HVAC components and system simulation and design tools, 
as one of the most elaborate software for whole building energy analysis, with unique technical 
abilities. 
TRNSYS program allows the calculation of air-conditioning heating and cooling load internally in the 
building model by specifying a set point temperature and a maximum power, or externally from the 
building by modeling all of the components of the HVAC system, including split air conditioning 
units.  
In this analysis the simulations are first performed for each building and for all considered locations, 
using the internal heating/cooling load calculation, in order to determine the maximum load required 
for the building and the annual energy requirements. The information gathered from the first set of 
simulations is used to size the equipment and to estimate average annual energy requirements for 
heating and cooling.  
The simulations will then be performed with an external air conditioner component, taking under 
consideration performance curves that describe the performance of the equipment at off-design 
conditions, suitable to simulate unit’s annual performance. These curves describe in detail the cooling 



ECODESIGN Lot 10 Draft of Chapter 4 
 

67 

systems’ sensible and latent cooling capacity (also heating capacity) and electric power consumption 
under all operating conditions.  
 
It is worth to mention, that TRNSYS program does not need to be validated, being a calculation tool 
that uses standard numerical techniques for solving equations and a building model compliant with 
ASHRAE Standard 140 (2001) - Standard Method of Test for Evaluation of Building Energy Analysis 
Computer Programs. Validation is needed for the components (heater, cooling unit, energy wheel, etc.) 
themselves, to ensure they work properly.  
The operation conditions (operations schedules and loads) are calculated from the described building 
types, whose energy use characteristics are calculated for their specific features. These include detailed 
building components, such as building geometry and orientation, shading, walls, windows, adjacent 
zones etc.  The building operating conditions are also taken into account, by considering parameters 
such the occupancy levels, the interior load due to lighting and other equipment and mainly the 
schedules that describe weekdays and weekends variation.   
 
4.5.1.4 Weather Data 
 
Local full-year hourly weather data are required as inputs to TRNSYS building simulation program. 
The data used are in Typical Meteorological year (TMY 2) format. Files are derived from up to 18 
years of hourly weather data.   
 
The weather data is supplemented by solar radiations estimated on an hourly basis from earth-sun 
geometry and hourly weather elements, particularly cloud amount information.  
It is important to note that the TMY2 format represents typical rather than extreme climate conditions. 
 
We use one climatic file per country (for all EU 25), assuming that the capital or another city is the 
representative climatic zone.  
 
For three climates, warm (Greece – Athens), cold (Finland – Helsinki) and moderate (France - 
Mâcon), the temperatures, average and minimum as well as the solar radiation and humidity ratio are 
represented on the following four figures.  
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Figure 4-49: Monthly average daily ambient temperature for three climates 
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Figure 4-50: Monthly average minimum daily ambient temperature for three climates 
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Figure 4-51: Average global solar radiation for three climates 
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Figure 4-52: Average daily humidity for three climates 

 
The location, longitude/latitude, altitude, cooling degree-days and climate type for the simulated 
climates are shown in Table 4. A city has been chosen to represent a specific country.  

Table 4-19: Weather data for climates in European countries, EU 27**** 

Country City Location Altitude 
(m) 

Cooling 
Degree 
Days 
(base 
10oC) 

Heating 
Degree 
Days 
(base 
10oC) 

Cooling 
Degree 
Days 
(base 
18oC) 

Heating
Degree 
Days 
(base 
18oC) 

Climate 
Type* 

AT Vienna 16o34N/48o7E 190 1226 1313 177 3184 5A 
BE Brussels 50o54N/4o31E 58 893 978 71 3076 5C 
DK Copenhagen 55o40N/12o18E 28 723 1456 37 3690 5A 
FI Helsinki 60o19N/24o58E 53 590 2588 36 4955 6A 
FR Macon 45o25N/9o16E 103 1567 944 349 2446 4C 
DE Bremen 53o2N/8o48E 24 842 1159 68 3305 5C 
GR Athens 37o54N/23o43E 15 3145 84 1150 1009 4A 
IE Dublin 53o25N/6o13E 82 572 760 2 3110 5C 
IT Milan*** 45 o25N/9o16E 103 1567 944 349 2446 4C 

LU** Nancy 48o40N/6o13E 212 943 1194 92 3212 5C 
NL Amsterdam 52o17N/4o46E 2 833 1011 46 3143 5C 
PT Lisbon 38o43N/9o8E 77 2515 29 531 966 4C 
ES Madrid*** 40o27N/3o32E 582 1907 479 549 2041 4C 
SE Gothenburg 57o46N/11o52E 20 658 1705 22 3988 5A 
UK London 51o9N/0o10E 59 757 910 28 3101 5C 
CY Larnaca 34o52N/33o37E 2 3291 13 1112 754 4A 
CZ Prague 50o5N/14o16E 364 823 1606 70 3773 5A 
EE Tovarene 58o27N/26o46E 59 666 2376 48 4679 6A 
HU Budapest 47o25N/19o10E 140 1438 1294 276 3051 5A 
LV Riga 56o52N/24o7E 14 775 2231 62 4439 6A 

LI** Gdansk 54o31N/18o36E 13 644 1724 19 4019 6A 
MT Luga 35o49N/14o25E 135 3140 6 972 759 4A 
PL Warszawa 52o16N/20o58E 130 946 1745 103 3822 5C 
SK Bratislava 48o10N/17o6E 289 1363 1246 237 3040 5A 
SL Ljubljana 46o4N/14o31E 299 1233 1299 170 3166 5A 

*(ASHRAE Standards 90.1-2004 and 90.2-2004 Climate Zone), ** Climate data from the nearest available 
meteorological station,  
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*** For Italy, two climatic files are used and represent half the climate of Italy, Milan and Rome; the same 
applies to Spain with Madrid and Seville.  
****Bulgarian climate is represented by the climatic data of Portugal, and Romania with Hungary.  
 
4.5.1.5 Analysis of heating and cooling need results  
 
Table 4-20 to Table 4-25 show the results for the EU-25 average building types considered. 
Heating set point temperatures are all 21oC, setback for heating (reduced temperature when the 
building or room is not occupied) is at 12oC for offices and shops and at 15 °C for residences.  
 
As far as it concerns heating setback temperatures, we have compared results by performing sensitivity 
analysis, considering four alternatives: no set back, set back at 15 and constant operation at 21 oC. 
Considering constant heating operation at 21oC, represents an extreme assumption that can cause an % 
increase of 73%, 60% and 70% for residences, offices and shops respectively. These are maximum 
differences that occur in Cold countries. Considering set back at 15oC causes an increase of 30%, 25% 
and 12% for residences, offices and shop respectively. When considering 12 °C set back temperature, 
means 21oC during occupancy, differences are of 16%,10% and 3%. 
 
Cooling set point was set at 25 for offices and dwellings in all climates except warm countries (see 
Table 4-11 to Table 4-13 ) where it is set at 26 °C. For shop, the cooling set point temperature is 23oC.  
 
 



ECODESIGN Lot 10 Draft of Chapter 4 
 

71 

Table 4-20: Residential, Heating - energy consumption, maximal load 
and coincident temperature (heating set back – 15 °C) 

NEW CONSTRUCTION OLD CONSTRUCTION 
 KWh/m 2

/year 
W/m2 T (oC) KWh/m 2/y

ear 
W/m2 T (oC) 

AT 103,84 116,30 -8,65 155,14 136,08 -10,05 
BE 84,19 100,86 -6,50 126,09 118,73 -5,90 
DK 112,36 116,56 -10,10 167,75 136,21 -10,10 
FI 119,46 104,78 -17,40 157,20 122,52 -17,40 
FR 73,99 100,95 -6,85 116,60 119,75 -7,50 
DE 95,51 112,82 -8,00 143,31 131,56 -9,85 
GR 14,52 79,00 0,55 17,66 63,12 0,70 
IE 66,33 95,34 -2,90 103,64 106,70 -2,90 

IT-Mi 93,36 113,36 -6,95 173,12 145,93 -6,65 
IT-Ro 18,64 83,93 -0,55 55,07 105,52 -2,30 

LU 90,65 113,83 -8,25 137,76 131,16 -8,80 
NL 82,48 104,36 -5,95 125,68 118,74 -5,65 
PT 4,33 54,19 5,15 18,85 84,23 4,05 

ES-Ma 35,01 96,20 -5,00 91,01 133,08 -5,00 
ES-Se 5,89 61,80 4,35 25,02 89,84 3,50 

SE 76,84 101,06 -13,10 105,34 114,82 -13,10 
UK 75,92 99,69 -3,95 117,11 112,77 -3,95 
CY 2,61 43,17 4,85 15,42 71,23 5,05 
CZ 76,26 89,98 -10,05 169,02 132,27 -13,60 
EE 105,25 105,07 -19,40 230,35 151,65 -19,40 
HU 57,23 91,08 -11,65 132,99 126,27 -11,30 
LV 102,93 103,87 -17,95 224,73 146,14 -11,60 
LT 78,60 87,27 -10,85 182,32 132,40 -10,50 
MT 1,40 37,10 8,30 10,77 79,70 4,60 
PL 84,75 93,12 -12,20 182,93 127,64 -8,50 
SK 55,32 94,24 -12,05 129,42 128,03 -12,05 
SI 57,57 92,87 -11,80 135,82 132,07 -11,80 

Table 4-21: Residential, Cooling - energy consumption, maximal load 
and coincident temperature (cooling set back – NO) 

NEW CONSTRUCTION OLD CONSTRUCTION 
 KWh/m 2

/year 
W/m2 T 

(oC) 
KWh/m 2/y
ear 

W/m2 T (oC) 

AT 15,71 87,30 29,15 15,31 97,42 29,15 
BE 6,46 67,67 22,60 5,99 63,59 22,60 
DK 4,21 52,39 19,65 3,80 57,29 24,30 
FI 24,70 68,22 21,15 22,28 74,04 20,80 
FR 18,40 85,18 28,00 16,85 81,12 28,00 
DE 7,21 80,97 26,40 6,71 88,03 26,40 
GR 65,02 123,76 33,50 67,94 167,59 32,85 
IE 1,70 55,59 21,90 1,51 55,31 21,90 

IT-Mi 26,01 103,25 30,60 25,80 123,49 30,60 
IT-Ro 45,48 117,28 30,45 45,24 138,50 30,45 

LU 9,63 74,77 27,40 9,13 84,93 27,40 
NL 5,70 56,97 25,65 5,33 69,17 25,45 
PT 42,58 157,65 31,15 38,54 182,73 29,75 

ES-Ma 38,92 114,77 32,85 39,27 141,69 33,80 
ES-Se 71,50 147,00 36,65 74,19 183,21 36,45 

SE 21,55 73,48 23,55 18,60 76,85 24,70 
UK 4,05 51,52 22,80 3,62 57,82 24,60 
CY 71,15 118,16 32,10 78,82 142,30 33,40 
CZ 8,54 58,78 23,40 5,15 58,65 23,40 
EE 39,66 88,09 20,20 11,67 94,06 24,00 
HU 27,82 69,53 25,40 21,36 97,04 27,10 
LV 40,95 88,24 25,15 11,82 70,78 27,10 
LT 28,24 57,74 25,00 1,28 53,77 23,35 
MT 68,48 136,20 33,00 74,80 163,56 33,00 
PL 27,24 58,62 29,30 16,37 64,99 29,30 
SK 27,90 86,97 28,75 21,31 83,68 28,75 
SI 19,84 67,27 27,30 13,48 70,27 27,15 
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Table 4-22: Office, Heating – energy need, maximal load and 
coincident temperature (heating set back – 12 °C) 

NEW CONSTRUCTION OLD CONSTRUCTION 
 KWh/m 2

/year 
W/m2 T (oC) KWh/m 2/

year 
W/m2 T (oC) 

AT 45,23 86,72 -8,50 95,55 116,84 -8,50 
BE 37,67 84,93 -5,30 80,23 106,12 -6,90 
DK 50,39 99,61 -8,95 106,01 117,38 -5,85 
FI 73,06 114,27 -14,15 96,20 124,39 -14,15 
FR 32,52 81,51 -2,70 72,85 101,99 -3,35 
DE 44,26 91,59 -8,35 92,51 125,26 -8,95 
GR 12,86 86,29 0,45 27,69 107,25 0,45 
IE 29,45 70,76 1,30 65,58 101,86 -3,85 

IT-Mi 64,41 102,42 -2,05 113,12 130,95 -4,45 
IT-Ro 16,95 84,41 0,60 36,49 99,11 -0,15 

LU 40,00 86,67 -8,90 86,38 118,19 -8,45 
NL 37,34 88,25 -6,30 80,04 103,13 -3,85 
PT 6,78 62,50 3,80 17,86 88,68 3,80 

ES-Ma 31,60 103,83 -5,60 63,91 126,94 -5,60 
ES-Se 7,78 70,72 4,00 19,58 95,60 0,95 

SE 49,46 95,97 -13,70 67,79 111,33 -13,60 
UK 33,08 85,91 -3,75 73,45 102,86 -2,90 
CY 1,62 30,89 8,05 6,90 56,73 8,05 
CZ 47,71 97,12 -10,25 105,72 125,48 -11,00 
EE 69,18 109,35 -16,10 150,33 141,96 -13,75 
HU 36,41 83,63 -11,55 85,15 112,92 -3,55 
LV 66,54 103,17 -13,25 145,95 147,39 -12,75 
LT 48,60 86,99 -5,75 114,77 124,06 -11,15 
MT 1,55 50,88 5,15 6,25 74,78 5,15 
PL 53,40 87,04 -9,55 115,12 126,60 -7,80 
SK 35,21 83,97 -4,75 82,57 115,18 -7,00 
SI 35,97 80,01 -3,70 85,14 114,16 -7,75 

Table 4-23: Office, Cooling - energy need, maximal load and 
coincident temperature (cooling set back – NO) 

NEW CONSTRUCTION OLD CONSTRUCTION 
 KWh/m 2/

year 
W/m2 T 

(oC) 
KWh/m 2/
year 

W/m2 T (oC) 

AT 35,12 107,34 29,15 28,81 95,02 29,15 
BE 21,95 75,02 25,40 15,17 69,49 25,50 
DK 19,72 72,15 22,00 12,50 62,37 24,00 
FI 39,02 79,50 26,15 31,20 77,96 25,60 
FR 35,76 102,08 28,00 28,52 97,88 28,10 
DE 21,08 91,21 26,40 14,53 95,97 25,20 
GR 61,79 126,61 33,00 62,86 144,80 33,15 
IE 10,78 68,22 22,10 4,64 58,46 22,10 

IT-Mi 33,44 111,65 30,60 32,19 114,84 30,60 
IT-Ro 50,22 119,96 29,75 49,12 135,84 29,95 

LU 27,85 96,02 27,30 20,77 83,93 27,40 
NL 20,77 83,39 24,10 13,40 70,18 24,10 
PT 41,60 138,12 32,40 37,97 162,57 32,40 

ES-Ma 41,02 115,65 33,30 40,17 127,08 33,80 
ES-Se 65,40 160,35 36,60 67,64 190,57 35,70 

SE 39,61 91,15 24,10 30,16 74,46 24,70 
UK 18,60 65,27 22,10 11,67 58,49 22,80 
CY 72,46 140,18 32,10 75,01 158,46 32,10 
CZ 27,17 82,08 25,30 14,05 65,88 25,30 
EE 38,12 85,52 25,70 20,29 77,85 20,15 
HU 48,00 101,65 27,80 34,46 82,33 28,20 
LV 41,15 96,73 28,30 21,97 82,22 20,75 
LT 25,12 88,01 20,60 8,86 61,59 22,75 
MT 67,39 147,91 32,50 67,71 165,84 33,00 
PL 43,86 95,61 25,95 27,45 74,48 27,15 
SK 46,88 115,41 28,75 33,50 104,01 29,00 
SI 41,04 105,12 27,85 27,17 90,38 27,80 
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Table 4-24: SHOP, Heating - energy need, maximal load and 
coincident temperature (heating set back – 12 °C) 

NEW CONSTRUCTION OLD CONSTRUCTION 
 KWh/m 2

/year 
W/m2 T (oC) KWh/m 2

/year 
W/m2 T (oC) 

AT 89,49 121,53 -3,90 140,49 122,74 -4,10 
BE 76,92 115,30 -2,00 120,12 128,23 -6,90 
DK 99,68 120,16 -1,70 157,14 140,77 -5,85 
FI 101,52 121,45 -10,65 137,97 142,88 -11,90 
FR 67,69 118,04 -7,00 110,07 129,29 -6,85 
DE 87,22 127,66 -6,90 136,09 142,00 -6,90 
GR 14,30 90,54 0,45 52,52 130,51 0,45 
IE 64,06 106,43 -3,85 100,13 121,03 -2,85 

IT-Mi 76,08 119,25 -7,15 182,16 168,94 -4,45 
IT-Ro 17,42 92,68 0,60 63,17 124,22 3,50 

LU 81,37 129,37 -8,75 129,18 140,58 -4,40 
NL 76,26 117,20 -6,30 120,18 130,49 -6,30 
PT 6,66 59,13 3,75 36,67 121,32 3,80 

ES-Ma 32,82 107,24 -0,50 105,33 161,12 -2,60 
ES-Se 6,61 65,47 3,90 37,74 127,83 0,95 

SE 69,75 110,85 -9,00 97,18 145,39 -13,70 
UK 70,26 123,42 -3,75 111,31 131,35 -4,10 
CY 1,37 32,57 8,00 18,69 89,37 8,05 
CZ 69,06 108,76 -6,70 156,22 154,92 -10,15 
EE 92,86 118,26 -8,45 214,48 171,87 -10,35 
HU 52,01 103,84 -3,50 123,27 137,62 -7,95 
LV 90,74 118,30 -12,75 208,93 173,35 -12,75 
LT 70,59 103,38 -5,15 166,35 139,01 -5,75 
MT 0,95 40,08 5,15 16,76 107,27 5,15 
PL 75,27 106,53 -3,10 166,52 142,77 -8,90 
SK 51,10 101,88 -10,40 120,56 134,60 -4,75 
SI 52,59 100,57 -4,10 125,39 131,18 -3,70 

Table 4-25: SHOP, Cooling - energy need, maximal load and 
coincident temperature (cooling set back – NO) 

NEW CONSTRUCTION OLD CONSTRUCTION 
 KWh/m 2/

year 
W/m2 T (oC) KWh/m 2/

year 
W/m2 T (oC) 

AT 49,83 118,83 28,65 43,08 120,74 28,65 
BE 29,94 101,91 29,50 25,15 116,17 28,70 
DK 25,61 89,20 27,60 20,72 90,02 27,60 
FI 42,04 82,19 22,45 39,06 82,57 19,00 
FR 51,08 110,63 29,35 45,21 123,27 27,35 
DE 28,07 100,23 27,35 23,11 95,15 28,20 
GR 115,99 148,89 33,00 104,00 159,55 37,70 
IE 13,35 58,96 21,90 8,94 63,85 21,90 

IT-Mi 69,92 124,96 30,05 55,81 152,78 29,95 
IT-Ro 96,72 145,04 30,15 81,31 147,86 29,75 

LU 40,11 100,25 28,25 34,31 122,48 28,75 
NL 28,13 101,26 27,30 22,52 107,00 29,15 
PT 81,59 141,26 31,50 61,25 144,79 32,10 

ES-Ma 79,89 138,14 32,85 66,00 150,66 36,25 
ES-Se 119,28 176,87 35,60 107,51 188,71 33,80 

SE 42,54 72,45 23,20 38,34 111,22 22,05 
UK 25,53 85,18 28,20 20,06 78,29 27,35 
CY 130,10 162,03 35,70 120,44 164,36 32,55 
CZ 32,94 77,57 28,45 21,50 75,64 26,55 
EE 41,91 92,57 26,40 27,36 84,79 26,15 
HU 59,26 98,73 33,55 52,54 100,27 28,00 
LV 44,12 92,24 28,75 28,99 142,32 21,95 
LT 28,29 71,12 23,35 13,67 65,25 23,35 
MT 120,53 164,69 31,35 108,03 168,31 32,25 
PL 48,50 100,68 25,60 37,87 105,35 29,25 
SK 57,33 96,25 28,10 50,51 113,55 28,75 
SI 50,22 103,36 31,55 41,49 107,77 31,55 
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There are three main factors influencing cooling and heating needs: 
- the type of building 
- the building age 
- the appliance 

 
The cooling and heating load differ according to the types of buildings. As shown in Figure 4-53 and 
Figure 4-54, cooling needs are more important in retails than in offices and more important in offices 
than in residences. Heating needs for residences and retails are quite similar and higher than office 
ones. The main factors that explain this threshold are the importance of the glazed surface, the internal 
loads for offices and the different set points used.  
 

Cooling needs according to the building type
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Figure 4-53: Cooling needs according to the different building types 

Heating needs according to the building type

0

50

100

150

200

250

S
E F
I

IE LI

E
E N
L

U
K LV D
K

B
E P
L

D
E LU A
T

C
Z

F
R S
L

S
K

H
U

R
O P
T

B
U IT

E
S

M
T

G
R

C
Y

H
ea

tin
g

 n
ee

d
s 

[k
W

h
/m

²/
ye

ar
]

Offices

Residences

Retails

 

Figure 4-54: Heating needs according to the different building types 
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Regarding the difference between existing and new buildings, cooling needs are higher in new ones 
whereas heating needs are more important in existing ones. This is mainly due to a higher level of 
insulation in new ones along with a lower infiltration rate. A comparison of cooling needs between 
new and existing office buildings is presented in Figure 4-55, in this example the difference can reach 
40 % but is almost null for Southern countries. Regarding heating needs, a comparison between new 
and existing office buildings is presented in Figure 4-56. New buildings enable a reduction of heating 
needs by a factor of about 2 for most of the countries. 
 

Cooling needs in offices (split air conditioners)
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Figure 4-55: Difference between cooling needs in new and existing office buildings 

Heating needs in offices (split air conditioner) 
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Figure 4-56: Difference between heating needs in new and existing office buildings 
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Single duct were also fully simulated with equal sizing than for split air conditioners. The ventilation 
rates of the buildings was increased of the air expelled from inside to outside by these products when 
cooling the indoor air. Indeed, single duct appliances and split systems differ regarding cooling needs 
since the first ones introduce outdoor air inside the room.  
Apparently, average cooling demand increases only about 2 % as a weighted market average figure 
but this also linked to the fact that indoor air temperature cannot be maintained at the required set 
point in the room. In the commercial sector, average load increases by 30 % while it decreases of 25 % 
in residences and in offices. In average, the same cooling demand (energy) can be considered also for 
single duct air conditioners.  
For instance, the differences in terms of cooling needs are plotted for existing offices (Figure 4-57). It 
appears that cooling needs of single duct decrease by about 30 % in Northern countries and increase 
by up to 25 % as compared to split equivalent installation in South European countries. 
 

Comparison of cooling needs betwenn split and single duct in offices 
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Figure 4-57: Comparison between cooling needs of a single duct air conditioner and a split air 
conditioner in office buildings 

For warm weather conditions, at equal cooling capacity sizes as split air conditioners, single duct air 
conditioners cannot respect the cooling function as defined in task 1: “to maintain indoor air 
temperature at a given set point”.  
To get comparable sizes, it is necessary to correct the rated cooling capacity of single duct for the 
infiltration of hot air. With typical unit characteristics, at 35 °C outdoor, it implies at least 60 % 
capacity loss as compared to EN 14511 rated capacity. This means that a unit of 2.2 kW in fact should 
be compared with a 0.6 kW split unit with a corrected EER inferior to 1 in T1 conditions (outdoor air 
35 / recycled air 27 and 19 °C wet bulb). Only a difference of temperature outdoor / indoor of about 2 
°C can be reached at 35 °C outdoor. When outdoor air temperature is lower than the set point, on the 
contrary, there is a free cooling effect that increases the cooling capacity and the EER as compared to 
rated present value. If cooling at 20 °C outdoor, the unit capacity and efficiency would increase by 25 
%.  
 
Load curves and energy weighting curves for three countries: Italy, UK and Sweden 
 
This sub section aims at giving an overview of our results in terms of heating and cooling needs by 
presenting the load curves and the energy distributions for three specific climates. Italy (Milan) was 
kept to represent warm climates whereas UK and Sweden are representative of moderate and cold 
climates. 
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All the cooling load curves from building simulations have been reduced to 19 points, one point by 
2°C range of outdoor temperature. Thus, a typical load is associated to every temperature range. 
Furthermore, an energy weight is also associated by summing all the energy needs occurring in this 
range.  The obtained curves are presented in Figure 4-58, Figure 4-59 and Figure 4-60. 
 
All the heating load curves from building simulations have been reduced to 23 points, one point by 
2°C range of outdoor temperature. Thus, a typical load is associated to every temperature range. 
Furthermore, an energy weight is also associated by summing all the energy needs occurring in this 
range. The obtained curves are presented in Figure 4-61, Figure 4-62 and Figure 4-63. 
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Figure 4-58: a) Load curves in cooling mode for offices in the three countries – b) Weighting curves in 
cooling mode for offices in three countries 
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Figure 4-59: a) Load curves in cooling mode for residences in the three countries – b) Weighting 
curves in cooling mode for residences  in three countries 
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Figure 4-60: a) Load curves in cooling mode for retails in the three countries – b) Weighting curves in 
cooling mode for retails  in three countries 
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Figure 4-61: a) Load curves in heating mode for offices in the three countries – b) Weighting curves in 
heating mode for offices in three countries 
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Figure 4-62: a) Load curves in heating mode for residences in the three countries – b) Weighting 
curves in heating mode for residences in three countries 
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Figure 4-63: a) Load curves in heating mode for retails in the three countries – b) Weighting curves in 
heating mode for retails in three countries 

 
4.5.1.6 Sizing – Preliminary analysis 
 
The systems were sized based on peak cooling and heating loads as determined by TRNSYS 
simulations, allowing for peak load to be met.  
 
As European climates vary from that assumed by the standards, initial analysis was conducted using 
all climate zones, i.e. each European country is considered as a climate zone, and is represented by 
each climatic data.  
A common indicator for the definition of climate zones is the heating and cooling degree-days of each 
country. These indicators are often used to represent climate zones for heating and cooling in the EU-
25.  
Variation in cooling and heating loads are not only caused by variation in climate, but also by 
variation in thermal building characteristics and variation in building operating conditions. 
In this framework, final analysis was conducted using a number of “ indicator” climate zones that 
reflect as well significant building characteristics. 
 
Cooling only air conditioner 
 
Sizing (defining the cooling capacity of the unit) is a crucial assessment when part load performances 
and full load performances differ largely. Perfect sizing can only be done using a dynamic simulation 
software.  
This would have to be done in a try and correct process highly time consuming. Indeed, it would be 
necessary to find the correct climatic data, to model the building and its use, to perform a sensible 
capacity simulation with infinite available cooling capacity; then, an equipment would be chosen (with 
default performance curves when outdoor and indoor temperature conditions vary) and a first size 
identified. It would be then tested to make sure dehumidification loads are covered and corrected to 
get the right value.  
 
Other intermediary methods are generally applied, simplified simulation methods with design climatic 
data for the location of the project, simplified thermal balance calculation methods or rules of thumb 
(W/m2 for a flat in Paris, an office in Stockholm ..). In that latter case, methods will vary according to 
each installer experience.   
 
Maximal load in W/m2 occurs for outdoor temperature, indoor temperature and humidity ratio that are 
not the rating conditions. This peak value for off-design conditions is kept to size the unit. Hence, the 
maximal cooling capacity in simulations is kept as the value at rating conditions.   
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Sizing for cooling only air conditioners [W/m²]  

Old Offices New Offices Old 
Residences 

New 
Residences 

Old Shops New Shops 

AT 99 95 86 89 106 97 
BE 69 72 58 61 85 82 
DK 67 69 47 47 73 68 
FI 72 81 71 73 77 73 
FR 93 90 80 79 100 91 
DE 91 97 79 82 97 91 
GR 125 115 133 129 127 131 
IE 64 70 36 51 71 69 
IT 104 95 93 95 105 108 
LU 90 88 70 84 97 90 
NL 72 81 63 64 91 83 
PT 131 121 143 135 116 120 
ES 119 112 129 116 118 117 
SE 77 83 66 66 80 74 
UK 64 68 44 44 80 74 
CY 125 124 123 125 127 132 
CZ 74 93 51 64 74 74 
EE 63 77 59 72 62 66 
HU 96 110 80 86 95 90 
LV 71 83 62 74 72 72 
LI 68 89 45 63 69 73 

MT 125 124 129 129 127 129 
PL 65 76 39 53 66 64 
SK 96 107 81 89 95 90 
SL 89 99 67 76 78 80 

Table 4-26: Sizes of cooling only split and moveable appliances in W/m2 

Reversible air conditioner 
 
There are substantial differences in the conditions of operation of reversible air conditioners, 
particularly in heating mode.  
 
Because of large temperature differences there is a need in heating mode to consider several climatic 
zones. In each zones, sizing conditions of air to air heat pumps will vary. Heating zones have been 
designed as follows.  
 
Since there is no widely accepted methodology, an economic optimization has been led to determine 
optimal sizing for all the countries for a set of simulations led by the university of Athens for 3 types 
of buildings (residential, office, commercial), new buildings and existing buildings.  
 
In order to determine sizing temperatures for the different climatic areas in heating mode, a basic 
economic optimization has been carried out. The sizing temperature is a temperature under which the 
heat pump is not intended to cover all the needs, occupants using resistive heating instead. Indeed as 
the heating capacity increases with temperature, the lowest is the sizing temperature, the highest is the 
rated heating capacity and therefore the purchase cost of the heat pump. In the other hand, occupants 
are likely to pay less money for energy consumption with heat pump than  with resistive heating. As a 
result, occupants have to find an optimal configuration between resistive heating and heat pump use. 
 
The assumptions are the following ones:  
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It is assumed that the rated heating capacity and cooling capacity are linked with the following 
formula: 

ch QQ .
5.3

4�  

Whatever the sizing temperature is, the RAC must match all the cooling needs and the rated cooling 
capacity is set to the maximal cooling load. Then a minimum heating capacity is calculated with the 
last equation. 
 
The evolution of heating capacity according to outdoor temperature is assumed to be linear, capacity at 
–10 °C being 65 % of the capacity at 7°C. Heating needs that are higher then the heating capacity are 
matched by resistive heating. 
 
Given a sizing temperature, it becomes possible to find out the rated heating capacity from the 
previous hypothesis and the heating loads and the minimum heating capacity. Thus the following 
values are known: rated heating and cooling capacities, loads that can be covered by the heat pump, 
loads that cannot be covered by the heat pump. 
The economic optimization relies on the additional assumptions:  

- Cost of electricity: 0.15 €/kWh 
- Cost of the RAC: 180 to 300  €/kW 
- Cost of a resistive heater: 50 to 60 €/kW  
- COP is kept equal to 3 at 7 °C and decreases linearly – 2 %/°C 
- Heating capacity decreases linearly with outdoor temperature, capacity at -10°C is 65 % of the 

capacity at 7 °C.  
- Lifetime of the air conditioner: 12 years 
- Energy consumption is not actualized (either energy price increases or cost of RAC 

decreases). 
 

 Sizing temperature Countries 
Zone 1 - South Perfect sizing in cooling mode GR; PT; CY; MT; ES-Sevile;  IT-Rome

Zone 2 - Oceanic -3°C BE ; IE ; IT; NL; ES; UK; FR 

Zone 3 - Central -7°C AT ; DK ; DE; LU; CZ; HU ; PL ; 
SL ;SK ;LI 

Zone 4 - North -12°C FI ; SE ; EE ; LV 

Table 4-27: Sizing hypothesis of reversible split appliances 
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Figure 4-64: Sizing zones in Europe 

 
Finally, rated capacities are summarized in the following table, both in heating and cooling modes: 
 

Rated cooling capacity [W/m²] Rated heating capacity [W/m²] 
Offices Residences Shops Offices Residences Shops 

 

New Old New Old New Old New Old New Old New Old 
AT 109 142 147 175 141 128 124 162 168 199 161 146 
BE 87 111 117 138 117 135 100 127 133 158 134 154 
DK 114 145 142 173 136 161 130 166 162 198 155 184 
FI 158 173 163 183 175 195 181 198 186 209 200 223 
FR 93 113 120 141 120 134 106 129 137 161 137 153 
DE 119 149 147 176 147 167 136 170 168 201 169 191 
GR 115 125 129 133 131 127 131 142 148 152 150 146 
IE 87 104 111 130 121 138 99 118 127 148 138 158 
IT 114 141 126 164 125 182 130 162 144 188 142 208 
LU 104 135 150 214 152 167 119 155 171 245 173 191 
NL 87 112 117 138 119 138 100 128 134 158 136 158 
PT 121 131 135 143 120 116 139 150 154 163 137 132 
ES 112 147 116 168 117 183 129 168 133 192 134 209 
SE 137 152 163 183 167 189 157 174 186 209 191 216 
UK 88 111 117 138 124 140 100 127 134 158 142 160 
CY 124 125 125 123 132 127 142 142 142 141 151 145 
CZ 111 144 126 166 135 180 127 165 143 190 154 206 
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EE 145 201 163 225 165 228 166 230 186 257 188 261 
HU 110 141 121 162 117 163 125 161 139 185 134 186 
LV 145 201 159 222 165 227 166 229 182 254 188 260 
LI 104 141 125 169 119 166 119 161 143 193 136 189 

MT 124 125 129 129 129 127 141 143 147 147 147 145 
PL 112 145 128 169 123 170 128 166 146 193 141 195 
SK 107 134 121 161 116 158 123 153 138 184 133 181 
SL 100 129 121 161 113 155 114 147 138 184 130 177 

Table 4-28: Sizes of reversible split appliances, in cooling and heating modes (the ratio between 
heating and cooling rated capacity is constant) 

The results are presented hereafter for existing offices and new retails. The maximum resistive part is 
reached for New Retails in Finland: 34 %. However, a weighting average only gives a value of 0.25 
kWh (total average heat demand is of 85.5 kWh/m²/y).  
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Figure 4-65: Resistive heating energy share compared to total heating demand in existing offices  
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Figure 4-66: Resistive heating energy share compared to total heating demand in new retails 
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4.5.2 Energy consumption 
 
Cooling season is assumed to be May 1st to September 31st. Heating season is the remaining period of 
the year.  
For the whole Europe, sales weighted average values for EU 27 taking into account the market 
representation presented in Task 2 are computed hereafter.  
 
4.5.2.1 Analysis of energy consumption results 
 
Cooling only split systems 
 
Energy consumptions of the 3.5kW cooling only split system range from less than 100 kWh/year to 
about 1000 kWh/year according to the type of building, the building age and the outdoor climate. 
Regarding the 7.1 kW cooling only split system, energy consumptions vary from about 200 kWh/year 
to 2000 kWh/year. 
Parasitic electric consumptions (stand-by, thermostat-off) represent a non-negligible part of to total 
consumption : about 6-7% in average for retails and offices (3 % for Southern countries), 25 % in 
average for residences (7% for Southern countries). Figure 4-67 and Figure 4-68 are given as 
examples. 

Yearly electric consumption for a 3.5 kW cooling only single 
split in Residences
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Figure 4-67: Yearly electric consumption for a 3.5 kW cooling only split system in residences 
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Yearly electric consumption for a 3.5 kW cooling only single 
split in Offices
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Figure 4-68: Yearly electric consumption for a 3.5 kW cooling only split system in offices 

Yearly electric consumption for a 3.5 kW cooling only single 
split in Retails
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Figure 4-69: Yearly electric consumption for a 3.5 kW cooling only split system in retails 

Reversible split systems 
Energy consumptions of the 3.5 kW reversible split system range from less than 700 kWh/year to 
about 2000 kWh/year according to the type of building, the building age and the outdoor climate. 
Regarding the 7.1 kW reversible split system, energy consumptions vary from about 1400 kWh/year to 
3800 kWh/year. In most countries (all except Portugal, Bulgaria, Malta, Greece and Cyprus), electric 
consumption in heating mode is more important than the consumption in cooling mode. 
Parasitic electric consumptions (stand-by, thermostat-off) represent a non-negligible part of the total 
consumption : about 10 % in average for retails (11 % for Southern countries), 15 % in average for 
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offices (25 % for Southern countries), 11 % in average for residences (17% for Southern countries). 
Figure 4-70 and Figure 4-71 are given as examples. 

Yearly electric consumption for a 3.5 kW reversible sin gle split 
in Residences
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Figure 4-70: Yearly electric consumption for a 3.5 kW reversible split system in offices 

Yearly electric consumption for a 3.5 kW reversible single split 
in Offices
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Figure 4-71: Yearly electric consumption for a 3.5 kW reversible split system in Residences 
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Yearly electric consumption for a 3.5 kW reversible single split 
in Retails
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Figure 4-72: Yearly electric consumption for a 3.5 kW reversible split system in Retails 

 
Single Duct system 
Energy consumptions of the 2.2kW single duct system range from less than 150 kWh/year to about 
1100 kWh/year according to the type of building, the building age and the outdoor climate.  
Parasitic electric consumptions (stand-by, thermostat-off) represent a non-negligible part of to total 
consumption : about 17 % in average for retails (5 % for Southern countries), 20 % in average for 
offices (7 % for Southern countries), 45 % in average for residences (20 % for Southern countries). 
Figure 4-73 and Figure 4-74 are given as examples. 
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Figure 4-73: Yearly electric consumption for a 2.2 kW single duct system in Offices 
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Yearly electric consumption for a 2,2 kW cooling only single 
duct in Residences
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Figure 4-74: Yearly electric consumption for a 2.2 kW single duct system in Residences 
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Figure 4-75: Yearly electric consumption for a 2.2 kW single duct system in Retails 

 
4.5.2.2 Sales weighted average results for EU 27 
 
Heating and cooling sizing load consumption EU 27 
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Base cases energy consumption [W/m²] 

Cooling 
only single 

split   
[3.5 kW] 

Reversible 
single split 
[3.5 kW] 

Cooling only 
single split 
[7.1 kW] 

Reversible 
single split 
[7.1 kW] 

Single duct
[2.2 kW] 

Cooling sizing load 109.4 122.6 109.4 122.6 107.5 

Heating sizing load - 140.1  140.1 - 

 
Heating and cooling energy consumption EU 27 
 
Heating and cooling needs and energy consumption have been calculated from simulations for every 
country and then sales weighted with cooling capacity sales of the year 2005. This gives the average 
EU 27 values in the tables below.  
 

Base cases energy consumption 
[kWh/m²/year] 

Cooling 
only single 

split   
[3.5 kW] 

Reversible 
single split 
[3.5 kW] 

Cooling only 
single split 
[7.1 kW] 

Reversible 
single split 
[7.1 kW] 

Single duct
[2.2 kW] 

Annual electric consumption for cooling 11.8 13.1 13.6 14.5 15.2 
Thermodynamic 

heating 
- 33.3  34.3  

Annual electric 
consumption for 

heating 
Resistive 
heating 

[kWh/m²/year]  
- 0.25 - 0.25  

Table 4-29: Average EU 27 cooling and heating energy consumption of base cases, kWh/m2/year 

Differences in energy consumption of the two different sizes of split units come from differences in 
EER and COP of the base case units. Electric heating impact on overall heating energy consumption is 
low (about 1 % of electric heating by the heat pump) in average because sales are mostly in Southern 
countries.  
The same results are expressed hereafter for the base case units (with different capacities) and by kW 
of cooling capacity.  
- Equivalent hours of use are the ratio between annual electric consumption and rated capacity in 
standard conditions.  
- Seasonal performance during operating hours is the ratio of heating or cooling output over the 
electric consumption for heating or cooling. 
- Equivalent rated electric power is the ratio between rated cooling capacity and the seasonal 
efficiency.  
  

Base cases energy consumption Single duct 

FOR ACTIVE MODE 
HEATING AND COOLING [2,2 kW] 

  

Cooling only 
single split 
[3,5kW] 

Reversible 
single split 
[3,5kW] 

Cooling only 
single split 
[7,1kW] 

Reversible 
single split 
[7,1kW]   

COOLING NEED kWh/m2/y 33 38,8 33 38,8 33,5 

Annual electric consumption 
for cooling kWh/m2/y 

11,8 13,1 13,6 14,5 15,2 

Equivalent 
hours of use [h] 

301,6 316,5 301,6 316,5 311,6 

Seasonal 
efficiency 

2,80 2,96 2,43 2,68 2,20 

1) KWh / unit / 
year 

377,5 374,0 882,6 839,7 311,1 

Cooling mode 
2) Per kW 

cooling 
107,9 106,9 124,3 118,3 141,4 
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HEATING NEED kWh/m2/y   85,5   85,5   

Thermodynamic
heating 

kWh/m2/y   

33,3   34,3 

  

Annual electric 
consumption 
for heating 

Resistive 
heating 

[kWh/m²/year]   0,25   0,25   

Equivalent 
hours of use [h]   

610,3   610,3 

  

Thermodynamic
SCOPon   

2,57   2,49 
  

SCOPon   2,55   2,47   

1) KWh / unit / 
year   1065,3   2226   

Heating mode 
2) Per kW 

cooling   271,4   279,6   

Table 4-30: Average EU 27 cooling and heating energy consumption per unit, and kW cooling 

 
Additional consumptions EU 27 
 
In order to define a final yearly performance we have to take into account parallel consumptions: 
- Active mode – thermostat on: the compressor is on; energy consumption has been reported 

above.  
- Active mode - thermostat off: The air conditioner is operational in heating or cooling mode but 

inside temperature is lower (higher in heating mode) than the set point. The impact of thermostat-
off mode is included in the cycling low and additionally in the thermostat-off consumption 
corresponding to hours with no cooling or heating load while cooling (or heating) is required by 
the user. 

- Passive standby mode: the air conditioner is not operational; it can be reactivated either by 
remote control or by timer. This mode corresponds to hours with no occupancy in the building 
during the cooling or heating season. 

- OFF mode: moveable air conditioners are unplugged; split air conditioner indoor units are off but 
outdoor units that are hardwired still may draw current for the crankcase, depending on its control 
mode.   

 
As mentioned in task 3, the crankcase heater may be controlled as a function of outdoor air 
temperature. Because of this control, it is necessary to include a specific post of consumption for this 
function that can overlap any other mode except the active mode – thermostat-on.  
 

 

Electric 
consumption for 

cooling only 
(<6kW) [W] 

Electric 
consumption for 

cooling only 
(>6kW) [W] 

Electric 
consumption for 

reversible (<6kW) 
[W] 

Electric 
consumption for 

reversible (>6kW) 
[W] 

Single duct 

Active mode 
Thermostat-

off mode 

36 W 
Electronics: 6 W 
Indoor fan: 30 W 

66 W 
Electronics: 6 W 
Indoor fan: 60 W 

36 W 
Electronics: 6 W 
Indoor fan: 30 W  

66 W 
Electronics: 6 W 
Indoor fan: 60 W  

66 W 
Electronics: 6 W 
Fan: 60 W (*) 

Standby-
mode 

Electronics: 6 W Electronics: 6 W Electronics: 6 W Electronics: 6 W Electronics: 6 W 

OFF mode 6 W 6 W < 6 W (indoor unit 
is switched off) 

< 6 W (indoor unit 
is switched off) 

0 W 

Crankcase 
heater 

No No Crank. heater: 30 W Crank. heater: 70 W No 

(*) Generally, only one centrifugal fan is used for single duct air conditioners. 
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Table 4-31: Power drawn by base case air conditioners when compressor is off  

Hours of operation in the 
different modes 

Cooling only 
single split 
[3.5kW] 

Reversible 
single split 
[3.5kW] 

Cooling only 
single split 
[7.1kW] 

Reversible 
single split 
[7.1kW] 

Single duct 

Operating 
hours [h] 747.2 888.6 747.2 888.6 679.7 

Thermostat off 
[h] 643.9 502.5 643.9 502.5 711.4 

Stand-by hours 
[h] 2279.9 2279.9 2279.9 2279.9 2279.9 

Cooling mode 

Off-mode 
hours [h] 5089  5089   

Operating 
hours [h] 

 2292.2  2292.2  

Thermostat off 
[h] 

 2796.8  2796.8  

Stand-by hours 
[h] 

 0  0  

Heating mode 

Crankcase 
heater 

 1163  1163  

 (*) During the heating period, it is assumed that heating is always required by the end user, whatever the set point may be.  
(**) Crankcase heater is supposed to be turned off when outdoor air temperature reaches 10 °C.  
(***) for cooling only split units, majority being hard wired, standby period extends to the whole year and a 6 W 
consumption is kept following task 3 results.  

Table 4-32: Operating hours by mode  

 
Total energy consumption EU 27 
 
Energy consumption per unit / 

year Single duct 

KWh/y 

Cooling only 
single split 
[3,5kW] 

Reversible 
single split 
[3,5kW] 

Cooling only 
single split 
[7,1kW] 

Reversible 
single split 
[7,1kW] [2,2 kW] 

Compressor on 377,5 374,0 882,6 839,7 311,1 

Thermostat off 23,2 18,1 42,5 33,2 47,0 

Stand-by  13,7 13,7 13,7 13,7 13,7 
Cooling mode Off mode  30,5 0,0 30,5 0,0 0,0 

Compressor on 
+ electric 
resistance   957,9   1997,5   

Thermostat off   100,7   184,6   

Stand-by    0   0   

Heating mode 
Crankcase 

heater   34,9   81,4   
TOTAL per unit in kWh/y 445 1499 969 3150 372 

       
Energy consumption per kW 

cool / year 
Cooling only 
single split 

Reversible 
single split 

Cooling only 
single split 

Reversible 
single split Single duct 
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KWh/year [3,5kW] [3,5kW] [7,1kW] [7,1kW] [2,2 kW] 

Compressor on 107,9 106,9 124,3 118,3 141,4 

Thermostat off 6,6 5,2 6,0 4,7 21,3 

Stand-by  3,9 3,9 1,9 1,9 6,2 
Cooling mode Off mode  8,7 0,0 4,3 0,0 0,0 

Compressor on 
+ electric 
resistance   273,7   281,3   

Thermostat off   28,8   26,0   

Stand-by    0,0   0,0   

Heating mode 
Crankcase 

heater   10,0   11,5   
TOTAL per kW in kWh/y 127,1 428,3 136,5 443,7 169,0 

Table 4-33: Average EU 27 total energy consumption per unit, and kW cooling 

Operation of crankcase has been assumed to be controlled at 10 °C. With control at 0 °C, hours of 
operation could be divided by 10, while for 20 °C set point, it is multiplied by 2 and that without 
control, electric crankcase heater operations would be about 5500 hours yearly, multiplying related 
energy consumption by nearly a factor 4. In those conditions, its energy consumption would be about 
half the electric power required for heating.  
 
Figures in the tables before should be used with caution to compare the performances of the different 
base cases since figures are weighted average and can translate different market shares in different 
countries, sectors and new or existing buildings.  
 
SEER and SCOP calculation for the five base cases 
 
SEER and SCOP indices have been calculated for each base case in operating mode (cooling or 
heating needs divided by the electric consumption in operating mode) but also by taking into account 
parasitic energy consumptions (cooling or heating needs divided by the total electric consumption). 
Results are given in  Figure 4-76 and Figure 4-77. It appears that SEER indices in operating mode 
range from 2.2 for the Single Duct to 3.0 for reversible split of 3.5 kW. Parasitic consumptions lies 
between 3 % and up to 10 % for the Single Duct base case. 
Regarding the SCOP indices, they are equal to 2.63 and 2.56 in operating mode and to 2.17 and 2.03 
when taking into account parasitic consumptions (a drop of about 17 and 20 %). However, it must be 
kept in mind that this depends on how cooling and heating seasons are defined. Some of the parasitic 
consumptions occurring in mid-season could have been ascribed to the cooling mode instead of 
heating mode and included in SEER. This means that parasitic consumptions of reversible units should 
be considered together and not separately. 
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Figure 4-76: SEER for the five base cases 
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Figure 4-77: SCOP for the two reversible base cases 

 
4.5.2.3 Seasonal performance indices 
 
Coordination has been ensured with CEN TC 113 WG 7 working on the revision of the “technical 
standard” CEN/TS 14825 in order to have compatible values in this study and in the standard. More 
detail is available in appendix B.  
 
We use hereafter load ratios and weighting factors as computed for sales weighted average EU 27 load 
curves.  
 
In heating mode, a first set of reduction coefficients has been proposed with preliminary sizing 
hypothesis and temperatures of –7, -2, 2 and 7. Nevertheless, because of potential testing problems at 
part load and under frost conditions, it was decided to change the reference points to –7 °C, 2 °C, 7 °C 
and 12 °C and also sizing was moved to 2 °C in average instead of –2 °C.  
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Calculation of the SEERon 

on

A B C D

1
SEER

A B C D
         

EER EER EER EER

� 
� � � � � �

 

 
 

 
(1) 100 % being the full load capacity at 35 °C 

SEERon - Europe 

Temperatures Part Load 
Ratio % (1) 

Weighting 
coefficients

35 100 9 % 
30 75 30 % 
25 50 37 % 
20 25 24 % 

Calculation of the SCOPon 

on

A H

1
SCOP

A H
 ...    

COP COP

� 
� � � �

 

 

 
(2) 100 % being the full load capacity at 2°C 

 

SCOPon - Europe 

Temperatures Part Load 
Ratio % (2) 

Weighting 
coefficients

-7 155% 4% 
-7 85% 5% 
-2 130% 9% 
-2 70% 12% 
2 100% 18% 
2 50% 16% 
7 55% 25% 
7 30% 11% 

When load is superior to the capacity of the unit (at –7 °C and/or –2 °C), the unit is supposed to 
operate at maximum capacity and a global heating resistance correction is then computed (see in the 
following paragraph).  
 
Single duct units have the specificity to operate at equal temperature conditions at both condenser and 
evaporator sides. Different set points have been set for the different types of buildings (residential, 
office, shops) resulting in different average temperature conditions. Although in warmer climates on a 
hot day, set point may not be maintained properly indoor, average temperature are in general not far 
from the required temperatures. As a result of the repartition of the product sales in building and 
different climates, average operating conditions are 25.5 °C indoor with 65 % humidity ratio and 50 % 
load ratio. For computing a seasonal performance index, standard EN 14511 temperature conditions 
and 50 % part load ratio can be kept.  
 
Resistive heating impact on the SCOP in heating active mode 
 
Following comments made by the stakeholders, sizing hypothesis were revised in order to assess the 
resistive heating part to complete the SCOP index shown before. In colder climates, sizing practice of 
– 7 °C rather than –12 °C seems to be more common, for the Central area, -3 instead of – 7 °C and in 
the Oceanic zone, rather 2 than –2 °C. This led to corrected sizing values for all simulations.  
 
Results are presented hereunder for existing offices and new retails. The maximum resistive part is 
reached for New Retails in Finland: 36 %. Weighted average value is about 1.1 kWh/m2/year over 
85.5 kWh/m2/year against 0.25 before. 
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Figure 4-78: Resistive part compared to total heating demand in existing offices  
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Figure 4-79: Resistive part compared to total heating demand in new retails 

0

20

40

60

80

100

120

140

160

AT BE DK FI FR DE GR IE IT LU NL PT ES SE UK CY CZ EE HU LV LI MT PL SK SL

H
ea

tin
g 

de
m

an
d 

[k
W

h/
m

²/y
]

Resistive heater

Heat pump

 

Figure 4-80: Resistive part compared to total heating demand in existing offices 
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Figure 4-81: Resistive part compared to total heating demand in existing offices 

What follows aims at determining the likely impact of the resistive heating on the heating SCOP and 
how it can be taken into account.  
 
The share of the heating demand that must be matched by resistive heating is affected, at a given 
sizing condition and for a given load curve, by the decrease of the heating capacity with outdoor air 
temperature and the minimum outdoor air temperature until which the heat pump can work. It has 
been supposed until now that the base case may reach –15 °C and looses 35 % capacity at – 7 °C.  
 
The following table gives the resistive part according to the ratio between heating capacity at –7 °C 
and capacity at 7 °C noted P(-7)/P(7). As an example, the corrected SCOP is given for a heat pump 
with SCOP without resistive heating equal to 2.7.  
 

Capacity slope 
(P(-7)/P(7)) 

Heating 
demand (total) 

Resistive 
demand 

SCOP of the heat 
pump 

SCOP of the system (HP + 
resistive heating) 

0,75 85,5 0,70 2,7 2,66 

0,7 85,5 0,86 2,7 2,65 

0,65 85,5 1,03 2,7 2,65 

0,6 85,5 1,21 2,7 2,64 

0,55 85,5 1,42 2,7 2,63 

Table 4-34: Impact of the capacity decrease between –7 °C and + 7 °C on resistive heating energy, 
capacity slope 

The following table gives the resistive part according to the temperature under which the heat pump 
does no longer operate (P(-7)/P(7)=0.75). As an example, the corrected SCOP is given for a heat pump 
whose SCOP without resistive heating is 2.7. 
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Minimum 
temperature 

Heating 
demand (total) 

Resistive 
demand 

SCOP of the heat 
pump 

SCOP of the system (HP + 
resistive heating) 

- 15 85.50 0.70 2.7 2.66 

- 12 85.50 0.84 2.7 2.66 

- 9 85.50 1.38 2.7 2.63 

- 7 85.50 2.16 2.7 2.59 

Table 4-35: Impact of the minimum temperature on resistive heating energy, minimum temperature 

If we take a ratio of 0.55, it appears that the corrected SCOP differs from the first one by up to 11 %. 
 

Minimum 
temperature 

Heating 
demand (total) 

Resistive 
demand 

SCOP of the heat 
pump 

SCOP of the system (HP + 
resistive heating) 

-15 85.50 1.42 2.7 2.63 

- 12 85.50 1.54 2.7 2.62 

- 9 85.50 2.01 2.7 2.60 

- 7 85.50 2.73 2.7 2.56 

Table 4-36: Impact of the minimum temperature on resistive heating energy, minimum temperature 

It appears that even if most of the sales are sold in southern Europe, resistive heating cannot be 
completely neglected. As a result, this is taken into account in the yearly consumption and in a yearly 
performance index.  
 
For the new sizing performed above, the average share of resistive heating is mapped hereafter as a 
function of the minimum temperature of operation and of the ratio of capacity at –7 °C and + 7 °C.  
 

 

Figure 4-82: Ratio of the resistive part to the total heating demand, EU average 2010 
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Figure 4-83: Correlation of the ratio between resistive heating to the total heating demand as a 
function of minimum temperature and capacity loss at – 7 °C, EU average 2010 

The resistive demand compared to the total heating demand can be expressed by the following 
equation, with R in % positive or null: 
 

minR 0.064 0.002.T 0.038.r�  � � � � 

 
With,  
Tlim: the minimum temperature of operation of the heat pump.  
r=P(-7)/P(7): ratio of the heating capacity at –7 °C to the rated capacity at 7 °C.  
 
For the purpose of the calculation of the yearly consumption, the correction calculated may be applied 
either by adding the resistive heating consumption or by computing the corrected SCOP value by 
including R, the share of the needs covered by resistive heating, with the following formula:  
 

on

hp

1
SCOP

1 R
R

SCOP

� 
��

��
 

 
Computation of performance indices including the auxiliary power modes 
 
Reference cooling capacity 
Rated capacity as defined by the standard rating conditions given in EN 14511 and noted PC. 
 
Reference heating capacity 
Rated capacity as measured at „A“ temperature conditions as defined in EN 14511 (standard rating or 
application rating conditions as applicable) and noted PH. 
 
Equivalent full load hours in cooling mode  
Ratio between the cooling requirements of the unit to the unit standard rating capacity in cooling mode 
according to EN14511 (2004).  
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Equivalent full load hours in heating mode  
Ratio between the heating requirements of the unit to the unit standard rating capacity in heating mode 
according to EN14511 (2004).  
 
Thermostat-off mode 
The air conditioner is operational in heating or cooling mode but inside temperature is lower (higher in 
heating mode) than the set point. The impact of thermostat-off mode is included in the cycling low and 
additionally in the thermostat-off consumption corresponding to hours with no cooling or heating load 
while cooling (or heating) is required by the user. Average electric power in this mode is noted PTO 
and hours of operation in this mode are noted HTO. 
 
Passive standby mode 
The air conditioner is not operational; it can be reactivated either by control device or by timer. This 
mode corresponds to hours with no occupancy in the building during the cooling or heating season. 
Average electric power in this mode is noted PSB and hours of operation in this mode are noted HSB. 
 
Off mode 
The air conditioner has been switched off by the user, is not operational and cannot be reactivated nor 
by control device or by timer. This mode corresponds to hours outside the cooling and/or heating 
season. Average electric power in this mode is noted POFF and hours of operation in this mode are 
noted HOFF. 
 
Crank heater operation 
The crankcase heater operates when the compressor is off and the outdoor temperature is lower than a 
given value. Other parameters such as the compressor or the heat exchanger temperature may also be 
included into the control and have an impact on its energy consumption. Average electric power in this 
mode is noted PCK and hours of operation in this mode are noted HCK. The crankcase heater may be 
controlled as a function of the outdoor temperature; the set point temperature is then called TCK. The 
values of TCK and HCK in the table below are used to assess the number of hours as a function of 
outside temperature in that case. 
 

TCK (°C) 0 10 20 35 (no 
control) 

HCK 
Nb of hours 120 1200 2400 5500 

Table 4-37:  Number of hours of crankcase operation depending on its temperature control 

Linear interpolation between these values can be used to assess the hours of operation of crankcase 
heaters that are controlled as a function of outdoor air temperature. 1200 hours for a control at 10 °C is 
used in the base cases for reversible heat pumps and it is supposed there is no crankcase heater for 
cooling only air conditioners.  
 
The calculation of the SEER, SCOP and APF is given by the following  equations): 
 

C C

C C
TO TO SB SB OFF OFF

on

H .P
SEER

H .P
H P H P H P

SEER

� 
� � � � � �
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H H

H H
TO TO SB SB CK CK TO TO

on

H .P
SCOP

H .P
H P H P H P H P

SCOP ( R)

� 
� � � � � � � �

��

    

 
 

C C H H

C C H H
TO TO SB SB OFF OFF CK CK

on on

H .P H .P
APF

H .P H .P
H P H P H P H .P

SEER SCOP

��
� 

� � � � � � � � � �
  

 
Default numbers of hours to compute seasonal and annual performance factors 
 
From cooling and heating electric consumption and average sizing conditions, it is possible to 
compute equivalent full load hours (at EN14511 standard rating conditions). These equivalent hours 
are reported in the table below by category of product.  
 

PRODUCTS 
Split 

CO 3.5 kW 
Split 

R 3.5 kW
Split 

CO 7.1 kW 
Split 

R 7.1 kW 
SD 

2.2 kW
Active modes, heating and cooling equivalent full load hours 

Cooling h 302 316 302 316 312 
Heating h 0 612 0 612 0 

Cooling mode; hours of operation in other power modes 
Off mode h 5089 0 5089 0 5089 
Standby h 2279,9 2279,9 2279,9 2279,9 2279,9

Thermostat-off h 643,9 502,5 643,9 502,5 711,4 
Heating mode; hours of operation in other power modes 

Off mode h 0 0 0 0 0 
Standby h 0 0 0 0 0 

Thermostat-off h 0 2796,8 0 2796,8 0 
Crankcase h 0 1163 0 1163 0 

Capacity and  electric power in the different modes 
Cooling capacity kW 3,5 3,5 7,1 7,1 2,2 
Heating capacity kW  4  8,1  

Off mode kW 0,006 0 0,006 0 0 
Standby kW 0,006 0,006 0,006 0,006 0,006 

Thermostat-off kW 0,036 0,066 0,066 0,066 0,066 
Crankcase kW 0 0,03 0 0,07 0 

Seasonal performance indices 
SEERon - 2,80 2,96 2,43 2,68 2,20 

SEER - 2,37 2,63 2,21 2,53 1,84 
SCOP (thermo) -  2,57  2,49  

R %  0,3%  0,3%  
SCOP (with R) -  2,56  2,48  

SCOP -  2,08  2,19  
SEER - 2,37 2,63 2,21 2,53 1,84 
SCOP -  2,08  2,19  
APF -  2,22  2,29  

Table 4-38: Summary of hours of operation of the different power modes and seasonal performance 
indices with average EU 27 computed values 
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In the table below, hours are standardized in cooling and in heating mode in order to reach equivalent 
global performances, in terms of SEER for cooling only units and APF (annual performance factor) 
for reversible units). 
 

PRODUCTS 
Split 

CO 3.5 kW
Split 

R 3.5 kW
Split 

CO 7.1 kW 
Split 

R 7.1 kW
SD 

2.2 kW
Active modes, heating and cooling equivalent full load hours 

Cooling h 315 315 315 315 315 
Heating h 0 610 0 610 0 

Cooling mode; hours of operation in other power modes 
Off mode h 5000 0 5000 0 0 
Standby h 2300 2300 2300 2300 2300 

Thermostat-off h 700 700 700 700 700 
Heating mode; hours of operation in other power modes 

Off mode h 0 0 0 0 0 
Standby h 0 0 0 0 0 

Thermostat-off h 0 2600 0 2600 0 
Crankcase h 0 1200 0 1200 0 

Capacity and  electric power in the different modes 
Cooling capacity kW 3,5 3,5 7,1 7,1 2,2 
Heating capacity kW  4  8,1  

Off mode kW 0,006 0 0,006 0 0 
Standby kW 0,006 0,006 0,006 0,006 0,006

Thermostat-off kW 0,036 0,066 0,066 0,066 0,066
Crankcase kW 0 0,03 0 0,07 0 

Seasonal performance indices 
SEERon - 2,80 2,96 2,43 2,68 2,20 

SEER - 2,38 2,55 2,21 2,50 1,85 
SCOP (thermo) -  2,57  2,49  

R %  0,3%  0,3%  
SCOP (with R) -  2,56  2,48  

SCOP -  2,10  2,20  
SEER - 2,38 2,55 2,21 2,50 1,85 
SCOP -  2,10  2,20  
APF -  2,22  2,28  

Table 4-39: Summary of hours of operation of the different power modes and seasonal performance 
indices with standardized values 

In what follows - otherwise it is mentioned, the indices here developed are kept for computing the 
required seasonal performance factors with 8 points in heating mode and the 4 point as shown here in 
cooling mode. For single duct air conditioners, sales weighted average conditions are kept.   
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4.5.2.4 Energy consumption computed from seasonal performance indices, split base cases 
 
The following table shows the comparison of the computed values for energy consumption with the 
simplified indices and the results presented previously in the paragraph 4.5.2.2, in cooling mode and in 
heating mode for the 4 split base cases. 
 
Cooling mode 
 

Base case 
Cooling only 
single split 
[3.5kW] 

Reversible single 
split [3.5kW] 

Cooling only 
single split 
[7.1kW] 

Reversible single 
split [7.1kW] 

Seasonal efficiency 
with average sizing 
condition at 2 °C 2.80 2.96 2.43 2.68 

SEER index 2.86 3.05 2.49 2.77 

Table 4-40: Seasonal cooling performance with detailed calculation and simplified index 

Heating mode 
 

Base case 
Cooling only 
single split 
[3.5kW] 

Reversible single 
split [3.5kW] 

Cooling only 
single split 
[7.1kW] 

Reversible single 
split [7.1kW] 

Seasonal COP with 
average sizing 

condition at -2 °C 
- 2.57 - 2.49 

SCOP index 
With correction R 
And sizing at 2 °C 

- 2.53 - 2.45 

Table 4-41: Seasonal heating performance with detailed calculation and simplified index 
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4.6 End-of-life phase 
 
Japanese and Korean manufacturers advertise they have made efforts to improve the recyclability of 
their units. Claimed recyclability rates are above the WEEE directive thresholds. Consequently, the 
default hypothesis (post WEEE conditions) as reported in the MEEuP methodology are kept in the 
following tasks.  
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Conclusion 
 
TO BE COMPLETED 
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Appendix A: Testing and modelling of air conditioner performances 
 
Manufacturers only supply performance data in standard conditions. These conditions do not always 
match with the real use of air conditioners. As a consequence, it has been decided to test units over a 
large range of conditions in order to be able to improve the assessment of their real life use. The 
testing method is based on both air enthalpy and refrigerant enthalpy energy balances. The 
measurements are used to build up an air conditioner model useful to better model the air conditioner 
performance in off-design conditions, in this task 4 and then to model options of energy efficiency 
improvement in further tasks 6 and 7. The method used is validated scientifically by calculating the 
uncertainty of the measurements performed and results at rating conditions are compatible with 
measurements with the EN 14511 standard. In addition, it has to be made clear, following the 
comments made by stakeholders (CECED, 2007), that this measurement is not intended to replace or 
modify the testing standard EN 14511 in place, and was only set up for the modelling needs of this 
study.  
 
A.1) Description of the calorimetric test bench 
 
The “indoor” test room is a volume as defined in ISO 5151, in which the desired test-conditions are 
maintained within the specified tolerances (0.5 K for the temperatures). The air velocity should not 
exceed 2.5 m/s at the inlet of the tested equipment. The “outdoor” test room has a sufficient volume 
(ISO 5151) to avoid any perturbation of the “normal” air circulation pattern. The distance between any 
wall and any equipment surface must be larger than 0.9 m, except for the floor. The manufacturer’s 
installation instructions are respected. Two different methods are used to determine the RAC 
performances in cooling mode (calorimeter and air enthalpy methods).  
 
The calorimeter test method consists in measuring the capacity simultaneously on both sides of the 
equipment: indoor and outdoor. Heat and water mass balances determine the indoor unit capacity.  
A 7000 W (2000 W +2000 W +3000 W) electrical heaters (Figure A.1) and a 4000 W (2000 W +2000 
W) steam boiler (Figure A.1) provide the sensible and latent heat respectively. The saturated steam is 
superheated in order to compensate the ambient heat losses with help of 800 W super-heater. A power 
transducer measures the sensible heat input. The latent heat input is determined by measuring, with the 
help of two 10 kg force transducers, the amount of water consumed by the steam boilers. 
 

 

Figure A.1: Electric heater (left) and steam boiler (right) 

The outdoor unit capacity is also determined in order to check indoor side heat balance. The air is 
cooled by a 4000 W cooling-coil (Figure A.2), fed by the “city water” and whose air flow rate is at 
least two times bigger than the condenser air flow rate. The fan cooling coil power is determined from 
a water side energy balance. The supply and exhaust water temperatures are measured by intrusive 
thermocouples; the water flow rate is measured every 15 minutes with the help of a balance and 
continuously checked with the help of a counter. 
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Figure A.2: The cooling-coil of the outdoor calorimeter 

The calorimeter is completely insulated. An insulated wall separates also the “indoor” and “outdoor” 
rooms of the calorimeter. The air temperatures are controlled in the air channels surrounding the 
calorimeter. The heat gains or losses of all calorimeter walls are determined with the help of heat flow 
meters and check thanks to a calibration of both (indoor and outdoor) parts. The general layout of the 
calorimeter rooms is shown in Figure A.3 and A.4 below.  
 

Outdoor room dimensions:  
- Length : 3,43 m; 
- Width : 3,33 m; 
- Height : 2,93 m; 
- Volume: 33, 47 m³. 

Indoor room dimensions: 
- Length : 3.52 m; 
- Width : 2.315 m; 
- Height: 3.01 m; 
- Volume: 24.53 m³. 
 

Figure A.3: Calorimeters dimensions (in cm) 

-  

293

301 

Outdoor room
Indoor room 
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Figure A.4: General view of the calorimeter rooms 
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Figure A.5: View of the outdoor room 

Several materials are used to build the calorimeter walls. The insulation is made with polystyrene (two 
different colours are used at the internal surface of this insulating layer (Figure A.5): black (in the 
rooms) or green (in the figure A.4)  to identify the insulation parts used as heat flow meters and white 
for other parts), wood (magenta) and air (blue). An example is given hereafter for the left wall of 
indoor room on figure A.4.  

 

Figure A.6: Wall: w_in_1 (dimensions given in cm – Scale for the wall: 1/1 – Scale for the layers: 2/1) – 
dimensions and energy flow meter thermocouple position 

The wall is made of five layers: 
- the first one is  insulation : thickness = 40 mm (A-A green and white); 
- the second one is a piece of wood : thickness = 18 mm (A-A magenta); 
- the third is a layer of air : thickness = 200 mm (A-A blue); 
- the fourth is also a heat insulator : thickness = 40 mm (A-A white); 
- the last one is again a piece of wood : thickness = 10 mm (A-A magenta). 
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There are two thermocouples between the heat insulator and the internal face of the wood layer.  

 

Figure A.7: Position of the thermocouples at internal face of w_in_1 wood layer 

 
The heat gains given in Table A.1 are calculated for a supposed-to-be constant air temperature in the 
channels surrounding the calorimeter and for different inside air temperatures. 
A same superficial heat transfer coefficient of 12 W/m²K is applied on both faces of the wall for the 
calculation of its global heat transfer coefficient (U). 
    

Description Q_dot_amb (W) 
S 6,968 m² T_1 = 27°C T_2 = 21°C T_3 = 29°C 
T_ext 22°C 24,23 -4,845 33,92 
Insulator 1 �/ = 0,04 m �� = 0,035 W/m.K    
Wood 1 �/ = 0,018 m �� = 0,14 W/m.K    
Air �/ = 0,2 m �� = 0,025 W/m.K    
Insulator 2 �/ = 0,04 m �� = 0,035 W/m.K    
Wood 2 �/ = 0,01 m �� = 0,14 W/m.K    
U (W/m².K) 0,6954    
A*U (W/K) 4,845    
Masse 89,89 kg    

   cp_weighted 
average 
(J/kg.K) 

1387 
   

Table A.1: Estimated heat gains for the wall: w_in_1 

Three thermocouples are used to measure the air temperatures in the channels around the calorimeter:  
- One on the left side of the calorimeter (in the middle); 
- One on the right side of the calorimeter, (also in the middle); 
- One above the ceiling of the calorimeter (in the middle). 
 

The heat gains from the ambience in the two parts of the calorimeters are determined by heat balance, 
with the help of heat flow meters.  
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Dry bulb and relative humidity are measured at the supply of the indoor unit. The humidity transducer 
is shown in the figure below.  
 

 

Figure A.8: Relative humidity transducer (left) and thermocouples column (right)  

The air temperatures are measured inside both rooms with thermocouples fixed on two columns at 
four levels. The thermocouples used for air temperature measurement are protected from radiation by 
double cylindrical screens while other ones measuring globe temperature are located inside black 
spheres (Figure A.8). The layout of thermocouples on walls is shown in Figure A.9.  
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Figure A.9: Heat flow meters  

"Calorimeter method"

REALDATE$ = 08122006

TESTNAME$ = essais

stopaverage = 100 [min]

startaverage = 70 [min]

Win,1

Win,2

Win,3

Win,4

Win,5

Win,6

Indoor unit calorimeter

RHa,su,iu  = 30 [-]

trh,a,su,iu  = 31 [C]

ta,in2  = 33 [C]

ta,in1  = 32 [C]

�' t,w,in1,1  = 34 [K]�' t,w,in1,2  = 35 [K]

�' t,w,in2,1  = 36 [K]

�' t,w,in2,2  = 37 [K]

�' t,w,in2,3  = 38 [K]

�' t,w,in2,4  = 39 [K]

�' t,w,in3,1  = 40 [K] �' t,w,in3,2  = 41 [K]

�' t,w,in4,1  = 42 [K]

�' t,w,in4,2  = 43 [K]

�' t,w,in5,1  = 44 [K]

�' t,w,in5,2  = 45 [K]

�' t,w,in6,1  = 46 [K]

�' t,w,in6,2  = 47 [K]

Msteam,in  = 49 [kg]

Wel,ht,in  = 48 [W]

Outdoor unit calorimeter

Wout,1

Wout,2

Wout,3

Wout,4

Wout,5

Wout,6

door 1

door 2

door 2

ta,out1  = 50 [C]

ta,out2  = 51 [C]

�' t,w,out1,1  = 52 [K]

�' t,w,out1,2  = 53 [K]

�' t,w,out1,3  = 54 [K]

�' t,w,out1,4  = 55 [K]

�' t,w,out2,4  = 59 [K]

�' t,w,out2,3  = 58 [K]

�' t,w,out2,2  = 57 [K]

�' t,w,out2,1  = 56 [K]

�' t,w,out3,4  = 63 [K]

�' t,w,out3,3  = 62 [K]

�' t,w,out3,2  = 61 [K]

�' t,w,out3,1  = 60 [K]

�' t,w,out4,4  = 67 [K] �' t,w,out4,3  = 66 [K]

�' t,w,out4,2  = 65 [K]

�' t,w,out4,1  = 64 [K]

�' t,w,out5,2  = 69 [K]

�' t,w,out5,1  = 68 [K]

�' t,w,out6,2  = 71 [K] �' t,w,out6,1  = 70 [K]

ceiling

ceiling

tw,ex,cc  = 73 [C]
tw,su,cc  = 72 [C]

pulse fm = 74 [-]
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The following probes are installed for dry bulb temperatures measurements: 
 
Refrigerant side: 
- 1 thermocouple at compressor supply; 
- 1 thermocouple at compressor  exhaust; 
- 1 thermocouple at condenser supply; 
- 1 thermocouple at condenser exhaust; 
- 1 thermocouple at expansion valve supply (only in cooling mode); 
- 1 thermocouple at evaporator supply; 
- 1 thermocouple at evaporator exhaust. 
The condensed water of the evaporator is collected and measured with a 10 kg force transducer. The 
error of the measurements is 1g by 1000g. 
 
Complementary measurements are provided on the air-conditioning unit air side: 
- 3 thermocouples at indoor unit supply;  
- 3 thermocouples at indoor unit exhaust;  
- 3 thermocouples at outdoor unit supply; 
- 3 thermocouples at outdoor unit exhaust. 
 
All temperatures are measured with thermocouples type T (copper-constantan). The measuring 
accuracy is estimated to ±0.2 K. Refrigerant temperatures are measured with contact thermocouples. A 
flow-meter is integrated in the refrigerant circuit (subcooled liquid line), it is a Coriolis flow meter 
type Micro Motion, Série Elite, ¼, inox 316L. The refrigerant pressures are measured with Keller and 
Druck transmitters.  
 
The thermocouples and pressure transducers locations along the refrigerant loop in cooling mode are 
indicated in Figure A.10. In heating mode the location is the same only the name change function of 
heat exchangers reversibility. The variables are recorded by a 3495A IMP/PC system, with a sampling 
rate of 1 min.   The data acquisition system measures the temperature with an accuracy better than 
�r0.3°C. The voltages given by the pressure and power sensors are measured with an accuracy of 
�r(0.01% reading + 0.01% full scale). 
 
The thermal balance of the walls has been led and can be supplied. More generally, the complete 
report on the description of the test bench is available on demand, whether only main elements have 
been presented here. 
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Figure A.10: Thermocouples and pressure transducers locations along the refrigerant loop – cooling mode 
 

"Enthalpy method"

ta,ex,iu1 = 21 [C] ta,ex,iu2 = 22 [C] ta,ex,iu3 = 23 [C]

ta,ex,ou1 = 27 [C] ta,ex,ou2 = 28 [C] ta,ex,ou3 = 29 [C]

ta,su,iu1 = 18 [C] ta,su,iu2 = 19 [C] ta,su,iu3 = 20 [C]

ta,su,ou1 = 24 [C] ta,su,ou2 = 25 [C] ta,su,ou3 = 26 [C]

tr,ex,cd = 6 [C]

tr,ex,cp = 4 [C]

tr,ex,ev = 9 [C]

tr,su,cd = 5 [C]

tr,su,cp = 3 [C]

tr,su,ev = 8 [C]

tr,su,EXP,v = 7 [C]

Condenser -Outdoor Unit

Evaporator -Indoor Unit

pr,ex,cp = 11 [bar]

pr,ex,ev = 14 [bar]

pr,su,cp = 10 [bar]

pr,su,ev = 13 [bar]

pr,su,EXP,v = 12 [bar]

Mref = 16 [kg/s]

Mw,cd,ev,start = 17 [kg]

REALDATE$ = 1

Wcp = 15 [W]

�W= 2 [min]
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A.2) Testing of specific units  
 
Testing conditions at full load 
 
The three standard combinations of test conditions in cooling mode are presented in Table A.2.  
 

Standard test conditions 
Parameter 

T1 T2 T3 

Temperature of air entering indoor side [C]    

Dry-bulb 27 21 29 

Wet-bulb 19 15 19 

Temperature of air entering outdoor side [C]    

Dry-bulb 35 27 46 

Test frequency Rated frequency  * 

Test voltage Rated voltage ** 

T1 Standard cooling capacity rating conditions for moderate climates 

T2 Standard cooling capacity rating conditions for cool climates 

T3 Standard cooling capacity rating conditions for hot climates 

* Equipment with dual-rated frequencies shall be tested at each frequency 

** 
The test voltage dual-rated voltage equipment shall be performed at both voltages or at the lower of the two 
voltages if only a single rating is published 

Table A.2: ISO 5151 test conditions – cooling mode 

In order to cover a larger domain of use, six other combinations of test conditions are tested. Test 
conditions are indicated in the table below.  
 

Parameter T4 T5 
 

T6 
 

T7 
 

T8 
 

T9 

T_in [C] 27 27 23 23 27 20 

RH_in [-] 0.32 0,6 0,6 0,34 0,47 0,53 

T_out [C] 35 35 31 31 20 20 

Table A.3: Supplementary combinations of test conditions – cooling mode 

For the couples of tests named T4-T5 and T6-T7 respectively, the indoor temperatures is kept the 
same, but the relative humidity is varied in order to get dry and wet regimes. In the case of T8, the air 
temperature is higher on the indoor side than on the outdoor side. For T9, the indoor and outdoor air 
temperatures are the same. In the same manner we define the three standard combinations of test 
conditions in heating mode (Table below).  
 

Standard test conditions 
Parameter 

T1 T2 T3 

Temperature of air entering indoor side [C]    

Dry-bulb 20 20 20 

Wet-bulb - - - 

Temperature of air entering outdoor side [C]    

Dry-bulb 7 2 -7 

Wet-bulb 6 1 -8 

RH[-] 0.86 0.85 0.77 

Test frequency Rated frequency  * 

Test voltage Rated voltage ** 

* Equipment with dual-rated frequencies shall be tested at each frequency 
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** 
The test voltage dual-rated voltage equipment shall be performed at both voltages or at the lower of the two 
voltages if only a single rating is published 

Table A.4: ISO 5151 test conditions – heating mode 

In order to cover a larger domain of use, six other combinations of test conditions will be considered 
((Table below)). 
 

Parameter 
T4  T5  

 
T6 
 

T7  
 
T8 
 

T9  

T_in [C] 20 22 25 22 22 22 

RH_in [-] - - - - - - 

T_out [C] -10 7 7 2 -7 -10 

RH_out[-] 0.9 0.86 0.86 0.85 0.77 0.9 

Table A.5: Supplementary combinations of test conditions – heating mode 

Unit 1 
 
The first unit tested has the main following characteristics:  
���� Cooling capacity (rated capacity): 2.5 kW.  
���� Refrigerant fluid: 410A 
���� COP: class A 
���� EER: class A 
���� Inverter compressor 
 
Testing results at full load 
 
 
 
 
 
 
 


































































































































