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Focus on room  air cond it ioning
DIRECTIVE 2002/91/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 16th

December 2002 on the energy performance of buildings.

Article 9 - Inspection of air-conditioning systems

With regard to reducing energy consumption and limiting carbon dioxide emissions, Member
States shall lay down the necessary measures to establish a regular inspection of air conditioning

systems of an effective rated output of more than 12 kW.

This inspection shall include an assessment of the air-conditioning efficiency and the sizing
compared to the cooling requirements of the building. Appropriate advice shall be provided to the
users on possible improvement or replacement of the air-conditioning system and on alternative

solutions.
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The French stock was already important at
that time, but its increase has been boost up
after the extreme hot climate in 2003 that led
to a rapidly market increase: +80%  units sold

in 2004

̃400 000 unit sold in 2004

[ClimInfo 2205].



3

Common defects during  operation

The defects identified by Breuker [Breuker1998] for packaged
systems can be translated for room air conditioner equipment
because of the similar structure of the two systems (air to air
systems). The following defects were kept:

1. The refrigerant undercharge

2. The condenser fouling

3. The evaporator filter fouling

4. A restriction in the liquid-line

5. A worn compressor

6./7. Indoor and outdoor fans loss of performance
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Chosen system  characterist ics
Rating  Cooling  Capacity

(kW )
8.56

Rating  Compressor
Power (kW )

3.15

Rating  EER 2.72

Compressor type Reciprocating

Refrig erant R22

Expansion device Thermostatic
expansion valve

Used Model:  Oak Ridg e Heat Pump model (MARK
V)

http ://www .ornl.g ov/̃ w lj/hpdm/

Four indoor and outdoor condit ions
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Defects energ y effects
 

 Refrig erant 

charg e reduction 
 -1 0 %   -2 0 %   -3 0 %   -4 0 %  

 ( EER - EER
ref
 ) / EER

ref 
%  

 T1  -3 5°C/2 7°C  -1 .4 %   -3 .0 %   -6 .2 %   -1 2 .3 %  

 T2 -2 7°C/2 1°C  -0 .5 %   -1 .3 %   -3 .4 %   -9 .4 %  

 T2 1 -3 5°C/2 1°C  -0 .8 %   -2 .3 %   -4 .2 %   -9 .1 %  

 T1 2 -2 7°C-2 7°C  -0 .2 %   -2 .3 %   -6 .2 %   -1 2 .1 %  
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Defects energ y effects

 Condenser fouling  
( surface 
Reduction)  

 -1 4 %  -2 8 % 

 ( EER- EERref ) / EERref % 

 T1  -3 5°C/2 7°C  -5 .6 %  -1 4 .8 % 

 T2-2 7°C/2 1°C  -5 .5 %  -1 5 .2 % 

 T2 1-3 5°C/2 1°C  -5 .2 %  -1 5 .1 % 

 T1 2-2 7°C-2 7°C  -5 .4 %  -1 5 .1 % 

  Outdoor fan 
eff iciency 
reduction 

-1 6 %  -2 7 %  -4 0 % -4 9 % 

                            ( EER- EERref ) / EERref %  

 T1  -3 5°C/2 7°C -1 .5 %  -3 .2 %  -5 .1 % -7 .2 % 

 T2-2 7°C/2 1°C -1 .5 %  -3 .0 %  -4 .6 % -6 .5 % 

T2 1-3 5°C/2 1°C -1 .3 %  -2 .7 %  -4 .3 % -6 .0 % 

T1 2-2 7°C-2 7°C -1 .7 %  -3 .5 %  -5 .5 % -7 .6 % 
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Defects energ y effects

 

 Indoor fan 
eff iciency 
reduction 

 -1 8 %   -3 3 %  -4 7 %  -5 8 %

                                   ( EER- EERref ) / EERref % 

 T1  -3 5°C/2 7°C  - 0 .4 %  -0 .9 %  -1 .4 %  -2 .5 %

 T2-2 7°C/2 1°C  - 0 .9 %  -1 .6 %  -2 .4 %  -3 .5 %

 T2 1-3 5°C/2 1°C  - 0 .6 %  -1 .2 %  -1 .6 %  -2 .4 %

 T1 2-2 7°C-2 7°C   - 0 .6 %  -1 .2 %  -1 .8 %  -2 .3 %

 Evaporator Airf low  

reduction

 
-1 2 %   -2 4 %   -3 6 %   -4 8 %  

                       ( EER- EERref ) / EERref 
%  

 T1  -3 5°C/2 7°C  -0 .2 %  -1 .0 %  -2 .2 %  -4 .1 %  

 T2-2 7°C/2 1°C  -0 .8 %  -1 .6 %  -3 .6 %  -6 .0 %  

 T2 1-3 5°C/2 1°C  -0 .4 %  -0 .7 %  -2 .2 %  -4 .4 %  

 T1 2-2 7°C-2 7°C  -0 .4 %   -1 .0 %   -2 .0 %   -4 .6 %  
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Defects energ y effects
 

 
 

 Compressor
Volumetric

eff iciency reduction 
 -9 %   -1 7 %   -2 5 %   -3 4 %  

                        ( EER- EER ref ) / EERref % 

 T1  -3 5°C/2 7°C  -6 .1 %   -1 2 .6 %  -1 9 .1 %  -2 6 .4 % 

 T2-2 7°C/2 1°C  -5 .8 %   -1 2 .0 %  -1 8 .8 %  -2 5 .9 % 

 T2 1-3 5°C/2 1°C  -6 .5 %   -1 2 .9 %  -1 9 .9 %  -2 7 .6 % 

 T1 2-2 7°C-2 7°C  -5 .5 %   -1 1 .4 %  -1 7 .6 %  -2 4 .4%  
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Defects energ y effects

 

 Addit ional pressure 
drop ( %  of total

pressure drop at T1  for 
reference case) 

 7 %   1 4 %   2 1 %   2 8 %   3 5 %  

                         ( EER- EER ref ) / EERref % 

 T1  -3 5°C/2 7°C 
 0 .4 %

 0 .5 %  0 .0 %  -0 .4 %  -1 .2 % 

 T2-2 7°C/2 1°C 
 0 .2 %

 0 .1 %  -0 .2 %  -1 .1 %  -1 .9 % 

 T2 1-3 5°C/2 1°C 
 1 .0 %

 1 .1 %  1 .3 %  1 .4 %  1 .3 % 

 T1 2-2 7°C-2 7°C  -0 .3 %  -1 .1 %  -2 .2 %  -3 .5 %  -5 .1 % 
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Literature comparison

Impact on system  parameters of the reviewed defects

Defects pc pe Pc Pfan Pcompr EER

Refrigerant Leaks ↓ (↓) ↓(↓) ↓(↓) ~ ↓ ↓ (↓)

Compressor Valve Leaks ↓ (↓) ↑ (↑) ↓(↓) ~ ↓~ ↓(↓)

Liquid-Line Restriction ↓ (↓) ↑ (↓) ~↑ (↓) ~ ~↑ ~

Condenser Fouling ↑ (↑) ~ (↑) ↓ (↓) ~ ↑ ↓ (↓)

Condenser fan efficiency ↑ ↑ ↓ ↑ ↑ ↓
Evaporator Filter Fouling ↓ (↓) ↓ (↓) ↓ (↓) ~ ↓ ↓ (↓)

Evaporator fan efficiency ↓ ↓ ↓ ↑ ↓ ↓~

Breuker, Mark S. and Braun, James E. « Common Faults and Their
Impact for Rooftop Air Conditioners », HVAC&R Research, July 1998
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Dynam ic sim ulat ions

 Office  House  

Total area (m_)  1008  136  

Cooled area (m_ ) 762  85 

 

Build ing  and clim ates

The dynam ic sim ulat ion
allows to take into account:

•  Operat ion in non rat ing
cond it ions

•  Part ial load behavior

• Build ing  occupation and use
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Charg e effects on the build ing s
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Filter fouling  effects on the build ing s
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Compressor wearing  effects on the build ing s

Trappes Ec/Ec_ref (%)
Trappes Ea/Ea_ref (%)
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Condenser fouling  effects on the build ing s
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Condenser fan wearing  effects on the build ing s
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Conclusions
•  Determ ine the defect that m ainly worsen the AC  room  air
cond it ioners eff iciency:
•  defects that can be m ainly source of over consumption
as condenser fouling  and outdoor fans loss of
perform ance
•  defects that have m ain effects on the cooling  capacity
and com fort aspect (while the annual consumption can
be found reduced)  as f ilter fouling ,  compressor leaks,
refrig erant leaks.

•  The inspection procedure should focus on both these
aspects

•  Energ y and com fort assessment would be necessary on
the base of the inspector/aud itor observations to promote
the better m aintenance
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Conclusions
•  W e would recommend
•  Refrig erant leaks check should be a priority for the
aud itor ( especially for o ld  system s)
•  The condenser should inspected w ith care because
it has an im portant im pact at the consumption level
•  Compressor prob lem s are m ore d iff icult to detect
•  The status of the f ilter can be visually checked or
est im ated by asking  to the owner the summary of
m aintenance operat ions

•  More efforts should be done in order to extend this
analysis to system s using  d ifferent technolog ies or
refrig erant f luids
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