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Figure 132: Effect on the cooling energy and the annual energy consumption for an office building 
in Nice and Trappes for condenser fouling. 

Figure 133: Effect on the cooling energy and the annual energy consumption for a house in Nice 
and Trappes for condenser fouling. 
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Figure 134: Effect on the cooling energy and the annual energy consumption for an office building 
in Nice and Trappes for filter fouling 

Figure 135: Effect on the cooling energy and the annual energy consumption for a house in Nice 
and Trappes for filter fouling 
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Figure 136: Effect on the cooling energy and the annual energy consumption for an office building 
in Nice and Trappes for additional pressure drop in the liquid line 

Figure 137: Subsequent discomfort for liquid line restriction for an office  in Nice  

Figure 138: Subsequent discomfort for liquid line restriction for an office  in Trappes  

Office building

90%

92%

94%

96%

98%

100%

102%

104%

0% 5% 10% 15% 20% 25% 30% 35%

Additional pressure drop in the liquid line (%)

Nice Ea/Ea_ref (%) Nice Ec/Ec_ref (%)
Trappes Ea/Ea_ref (%) Trappes Ec/Ec_ref (%)

Office (Trappes)

0%

1%

2%

0% 10% 20% 30%

Additional pressure drop at liquid line (%)

D
is

co
m

fo
rt

 h
ou

rs
  

(%
)

O
cc

up
at

io
n 

ho
ur

s 

Office A

Office B

Meeting rooms

Office (Nice)

0%

4%

8%

12%

16%

0% 10% 20% 30%

Additional pressure drop at liquid line (%)

D
is

co
m

fo
rt

 h
ou

rs
  

 (
%

)
O

cc
up

at
io

n 
ho

ur
s 

Office A

Office B

Meeting rooms



 

-146- 

Figure 139: Effect on the cooling energy and the annual energy consumption for a house in Nice and 
Trappes for additional pressure drop in the liquid line 

Figure 140: Subsequent discomfort for liquid line restriction for an house  in Nice  

Figure 141: Subsequent discomfort for liquid line restriction for an house  in Trappes  
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Figure 142: Effect on the cooling energy and the annual energy consumption for an office building in 
Nice and Trappes for compressor wearing 

Figure 143: Subsequent discomfort for compressor wearing for an office  in Nice 

Figure 144: Effect on the cooling energy and the annual energy consumption for an office building in 
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Nice and Trappes for compressor wearing 

Figure 145: Subsequent discomfort for compressor wearing for a house in Nice  
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Annex 4 - Details of simulated building equipped with chillers 

The occupation scheduling and the temperature setpoints are the same of the building described in the 
Annex 2. 

 
Table 43: Simulated office areas 

 Office 1 Office 2 Office 3 

Corridors (m²) 1111 148 432 

Office A (m²) 
 North oriented 5928 1389 360 

Office B (m²) 
South oriented 5870 1389 804 

Meeting rooms (m²) 2371 1086 360 

Toilets/Service rooms 
(m²) 1111 988 60 

Total area (m²) 16391 5000 1584 

 

Occupation scheduling 
Offices occupation: 1 person / 12 m² 

Meeting rooms occupation: 1 person / 3.5 m² 

Figure 146: Daily occupation scheduling for offices and meeting rooms 
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Figure 147: Daily temperature setpoints for the offices and meeting rooms 

 

 
Table 44: Building thermal characteristics and cooling loads 
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Lighting 30 W/m² 

Electrical appliances 15 W/m² 

Thermal characteristic of the building 

Rooftop transmittance 0.5 W/m²/K 

Wall thermal transmittance 1.3 W/m²/K 

Windows transmittance 3.9 W/m²/K 
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Annex 5 - Air mass distributions 

SAE Coarse Dust size distribution 
Diameter (µm) Diff Volume % 

0.849 0.177 
0.944 0.203 
1.05 0.234 
1.167 0.266 
1.298 0.307 
1.444 0.35 
1.606 0.393 
1.785 0.44 
1.986 0.497 
2.208 0.55 
2.456 0.63 
2.731 0.688 
3.037 0.741 
3.377 0.817 
3.756 0.909 
4.177 0.997 
4.645 1.09 
5.165 1.19 
5.744 1.27 
6.388 1.38 
7.104 1.49 
7.9 1.63 

8.785 1.72 
9.77 1.89 

10.86 2.04 
12.08 2.18 
13.44 2.36 
14.94 2.58 
16.62 2.82 
18.48 3.1 
20.55 3.36 
22.85 3.63 
25.42 3.92 
28.26 4.25 
31.43 4.5 
34.95 4.63 
38.87 4.73 
43.23 4.91 
48.07 4.83 
53.46 4.48 
59.45 4.16 
66.11 3.74 
73.52 3.27 
81.76 2.83 
90.93 2.3 
101.1 1.93 
112.5 1.68 
125.1 0.951 
139.1 0.461 
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Air mass distribution, from Whitby diagram 
 

Diameter (µm) Diff Mass % 
0.1 2.6 
0.2 6.5 
0.3 8 
0.4 1 
0.5 1 
0.6 1 
0.7 3 
0.8 2 
0.9 1 
1 15 
2 17 
3 11 
4 9 
5 3 
6 7 
7 2 
8 4 
9 2 
10 2 
11 0 
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Average air mass distribution, from Lestari [Lestari 2003] 
 

Diameter (µm) Diff Mass % 
0.1 2.85 
0.2 2.85 
0.3 2.85 
0.4 5.23 
0.5 5.23 
0.6 5.23 
0.7 1.90 
0.8 1.90 
0.9 1.90 
1 1.90 
2 2.38 
3 4.75 

4.5 4.75 
5 4.75 
6 5.32 
7 5.13 
8 5.13 
9 5.13 
10 3.04 
20 3.04 
30 6.08 
40 6.08 
50 2.09 
60 2.09 
70 2.09 
80 2.09 
90 2.09 
100 2.09 
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Annex 6 - Refrigerant leak evolution in buildings equipped with split 
systems 

 
Figure 148: Refrigerant charge, capacity and comfort evolution for an office in Nice  
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Figure 149: Refrigerant charge, capacity and comfort evolution for a house in Nice  
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Figure 150: Refrigerant charge, capacity and comfort evolution for an office building in 
Trappes  
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Figure 151: Refrigerant charge, capacity and comfort evolution for a house in Trappes  
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Annex 7 - Maintenance costs for charge refill for building equipped with 
split systems 

 
Office building with splits Nice Trappes 

Area (m²) 762 762 
Number of units 24 18 

Unitary capacity (kW) 8.7 8.7 
Initial charge (kg) 67.2 50.4 
Final charge (kg) 52.4 39.3 

Refrigerant losses (kg) 14.8 11.1 
Refrigerant cost (€) 133 100 

Labour Hours (per unit) 2 2 
Labour cost (€) 2400 1800 

Displacement and material (€) 50 50 

Total cost (€) 2583 1950 
Cost per cooling capacity (€/kW) 12 12 

Cost per cooled area (€/m²) 3.4 2.6 

 
House Nice Trappes 

Area (m²) 81 51 
Number of units 2 1 

Unitary capacity (kW) 8.7 3.3 
Initial charge (kg) 5.6 2.8 
Final charge (kg) 4.4 2.2 

Refrigerant losses (kg) 1.2 0.6 
Refrigerant cost (€) 11 6 

Labour Hours (per unit) 2 2 
Labour cost (€) 200 100 

Deplacement and material (€) 50 50 

Total cost (€) 261 156 
Cost per cooling capacity (€/kW) 15 47 

Cost per cooled area (€/m²) 3.2 3.0 
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Annex 8 - Maintenance costs for charge refill for building equipped with 
chiller systems 

 

Office n°1 Nice Trappes 

Area (m²) 14111 14111 

Number of units 10 6 

Unitary capacity (kW) 170 160 

Initial charge (kg) 498.7 281.6 

Final charge (kg) 299.2 169.0 

Refrigerant losses (kg) 199.5 112.6 

Refrigerant cost (€) 3191 1802 

Labour Hours (per unit) 5 5 

Labour cost (€) 2500 1500 

Deplacement and material (€) 50 50 

Total cost (€) 5741 3352 

Cost per cooling capacity (€/kW) 3.4 3.5 

Cost per cooled area (€/m²) 0.4 0.2 

 
 

Office n°2 Nice Trappes 

Area (m²) 3864 3864 

Number of units 2 2 

Unitary capacity (kW) 210 160 

Initial charge (kg) 123.2 93.9 

Final charge (kg) 73.9 56.3 

Refrigerant losses (kg) 49.3 37.5 

Refrigerant cost (€) 788 601 

Labour Hours (per unit) 5 5 

Labour cost (€) 500 500 

Deplacement and material (€) 50 50 

Total cost (€) 1338 1151 

Cost per cooling capacity (€/kW) 3.2 3.6 

Cost per cooled area (€/m²) 0.3 0.3 
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Office n°3 Nice Trappes 

Area (m²) 1524 1524 

Number of units 1 1 

Unitary capacity (kW) 160 210 

Initial charge (kg) 46.9 61.6 

Final charge (kg) 28.2 37.0 

Refrigerant losses (kg) 18.8 24.6 

Refrigerant cost (€) 300 394 

Labour Hours (per unit) 5 5 

Labour cost (€) 250 250 

Displacement and material (€) 50 50 

Total cost (€) 600 694 

Cost per cooling capacity (€/kW) 3.8 3.3 

Cost per cooled area (€/m²) 0.4 0.5 
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Annex 9 - Chiller savings for regular condenser cleaning  

 

Figure 152: Global savings for regular condenser cleaning for office building 1 for a new (clean) 
system 
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Figure 153: Global savings for regular condenser cleaning for office building 1 for an existing 
(fouled) system  
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Figure 154: Global savings for regular condenser cleaning for office building 1 for a new (clean) 
and an existing (fouled) system with Italian electricity prices 
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Figure 155: Global savings for regular condenser cleaning for office building 2 for a new (clean) 
system  
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Figure 156: Global savings for regular condenser cleaning for office building 2 for an existing (fouled) 
system  
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Figure 157: Global savings for regular condenser cleaning for office building 2 for a new (clean) and an 
existing (fouled) system with Italian electricity prices  
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Figure 158: Global savings for regular condenser cleaning for office building 3 for a new (clean) system  
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Figure 159: Global savings for regular condenser cleaning for office building 3 for an existing 
(fouled) system  
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Figure 160: Global savings for regular condenser cleaning for office building 3 for a new 
(clean) and an existing (fouled) system with Italian electricity prices  
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ANALYSE ET SIMULATIONS DE DEFAUTS DES EQUIPEMENTS D E CLIMATISATION EN 
VUE D’UN AUDIT ENERGETIQUE 
 
Résumé 
La consommation due à climatisation est aujourd’hui un enjeu énergétique important. La Directive 
portant sur la Performance Energétique des Bâtiments s’intéresse aux systèmes de climatisation en 
prévoyant une inspection périodique afin d’évaluer le fonctionnement du système et ensuite à proposer 
des actions d’amélioration. Les méthodes pour la climatisation sont rares, parfois dérivées de celles pour 
le chauffage et pas optimisées. La thèse cherche à déterminer et quantifier les problèmes que les 
principaux systèmes de climatisation rencontrent pendant leur vie du point de vue technique. Il s’agit de 
savoir comment les détecter, quels sont les impacts énergétiques et les effets sur le confort.  
 
Les technologies de climatisation sont nombreuses et diversifiées on a donc retenu deux types de système 
à analyser, les plus courants sur le marché européen : les climatiseurs split et les groupes de production 
d’eau glacée. Les défauts de fonctionnement les plus fréquents pour ces deux types de système ont été 
pris comme base. 
 
Une préliminaire méthode d’analyse qualitative des défauts par représentation schématique en arbre de 
défaillance nous a permis de mieux comprendre la physique de chaque défaut. Ensuite une méthode 
quantitative de modélisation en conditions fixes de température nous a permis de définir les paramètres 
mesurables et les effets sur les performances. Pour nous rapprocher de la réalité une modélisation en 
conditions variables a été développée afin de quantifier les effets en terme de consommation et d’impact 
sur le confort dans des cas deux types de bâtiments placés dans des climats de référence. Enfin, une 
méthode temporelle a consistée à relier le niveau du défaut au temps afin d’observer la dégradation 
progressive et de pouvoir déterminer la fréquence optimale des actions de correction en termes d’énergie 
et de coût. On a pu ainsi obtenir une courbe de performance pluriannuelle avec ou sans action corrective 
ou préventive. 
 
Mots clés : climatisation, audit, défaut de fonctionnement, split, groupe de production d’eau glacée 
ANALYSIS AND SIMULATION OF DEFECTS OF OPERATION FOR  AIR CONDITIONING 
AUDIT  
 
Abstract 
Nowadays the energy consumption due to air conditioning (AC) is a significant energy stake. The 
Directive on Energy Performance of Buildings wants to improve the air conditioning performance 
through the regular inspection of the system in order to assess how the system operates and to propose 
measures for improvement. Audit methods for air conditioning are rare, sometimes derived from those 
for heating and not optimised. The research wants to identify and quantify the problems that air 
conditioning systems meet all along their lifetime from a technical standpoint. The question is how to 
detect the operation problems and what are their energy impacts and effects on comfort.  
 
The air conditioning technologies are many and two types of systems have been analysed, the widely 
present in the European market: the split air conditioners and chillers. The characteristics of the chosen 
systems are representative of system widely present in the stock. The most common defects for these two 
types of system have been taken as a base.  
 
Firstly, a method of qualitative analysis of defects by a schematic representation of tree defects enabled 
us to better understand the physics of each defect. Then a quantitative method of modelling at fixed 
temperature conditions allowed us to define the sensitive parameters and measurable effects on 
performance. In order to be closer to reality, the systems have been modelled in variable conditions. The 
model takes into account part-load operation of the system and can quantify the effects in terms of 
seasonal consumption and impact on comfort in cases of French typical buildings located in climates of 
reference. Finally, a temporal method links the level of the defect to the operation time in order to 
observe the gradual deterioration and to determine the optimal frequency of corrective action in terms of 
energy and cost. We could thus obtain a multi-year performance curve with or without corrective action. 
 
Key words: air conditioning, audit, defect of operation, split system, chiller 
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