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Preface 
 

What is Annex 48? 
Environmental concerns and the recent increase of energy costs open the door to innovative 
techniques to provide heating and cooling in buildings. Among these techniques, heat 
pumps represent an area of growing interest. Heat pumping is probably today one of the 
quickest and safest solutions to save energy and to reduce CO2 emissions. Substituting a heat 
pump to a boiler may save more than 50% of primary energy, if electricity is produced by a 
modern gas-steam power plant and even more if a part of that electricity is produced from a 
renewable source. 
The heat pump market was, till now, concentrated on residential buildings. A growing 
attention is now given to new and existing non-residential buildings where heating and 
cooling demands co-exist. In many non-residential buildings, an attractive energy saving 
opportunity consists in using the refrigeration machine for heat production. This can be 
done by condenser heat recovery whenever there is some simultaneity between heating and 
cooling demands. When there is no simultaneity, reversibility has to be looked for. 
This is the matter considered in the frame of the International Energy Agency project: IEA-
ECBCS Annex 48 “Heat pumping and reversible air conditioning”. 
 
What are the main aims of Annex 48 ? 
The aim of the project is to promote the most efficient combinations of heating and cooling 
techniques in air-conditioned buildings, thanks to heat recovery and reversible systems. The 
main goals are: 
- To allow a quick identification of heat pumping potentials in existing buildings; 
- To help designers in preserving the future possibilities and in considering “heat pumping” 
solutions; 
- To document the technological possibilities and heat pumping solutions; 
- To improve commissioning and operation of buildings equipped with heat pump systems; 
- To make available a set of reference case studies.  

 
Which tasks are covered by Annex 48 ? 
Five tasks are being performed : 
Subtask 1 : Analysis of building heating and cooling demands and of equipment performances. 

- Classification and characterization of existing building stock; 
- Characterization of existing HVAC systems; 
- Evaluation of the potential of heat recovery and heat pumping systems, in order to 
save energy and reduce CO2 emissions; 
- Development and use of simulation models to identify the heating and cooling 
demands and the best heat pumping potentials. 

Subtask 2 : Design 
- Development of a design handbook for heat pump systems. 
- Development of innovative design tools addressed to architects, consulting 
engineers and installers, in such a way to reach a global optimisation of the whole 
HVAC system. 

Subtask 3 : Global performances evaluation and commissioning methods 
- Development of evaluation methods devoted to heat pump solutions 
- Tests with synthetic data and with measured data 
- Development of computer-based tool for heat pump system operation 

Subtask 4 : Case studies and demonstration 
- Documentation of reference case studies 
- Use of case studies to test the methods and tools developed in the annex 
- Conversion of most successful case studies into demonstration projects. 

Subtask 5: dissemination 
- website 



- paper work (leaflet, handbooks), 
- workshops, seminars and conferences. 

 
 
How can I get information or participate to Annex 48 ? 
To obtain information about the project, to attend to workshops and meetings or to propose 
a participation, please contact Jean Lebrun (j.lebrun@ulg.ac.be) or Philippe André 
(p.andre@ulg.ac.be) and visit the Annex 48 project website : www.ecbcs-48.org 
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ANNEX 1 :   TYPOLOGY OF AIR-CONDITIONED OFFICE BUILDINGS AND 
HEALTH CARE INSTITUTIONS 

 

1 Representative office buildings 
 
1.1 Description of representative types 
 
From plans. and typical descriptions. geometrical characteristics are derived: ratio of outside wall 
surfaces, ratio of glazed surface… Thus, the air-conditioned office buildings have been classified in 
three categories according to French stock [FIL 2005]. This typology is proposed to be widened to all 
European countries.  

 
1. The first type corresponds to buildings of huge areas mainly glazed. It is subdivided into three 
branches listed below with their estimated repartition percentage of total office buildings:  
- Broad open space offices         14%  
- Broad partitioned offices          20%  
- Thin partitioned offices         33% 
 
2. The second type concerns the buildings subjected to renovation. The surface area of this type is 
medium and this type is less glazed than the first one        8% 
 
3. The third type concerns the small buildings existing in the industrial suburban zones   25% 
 
Table 1 : Typology of air-conditioned office buildings 

share per type 

  Share of 
surface in % 

TYPE 1-a Broad open space offices. blind meeting room - 15 000 m² 14% 
TYPE 1-b  Same as TYPE 1-a but broad partitioned offices 20% 
TYPE 1-c Idem TYPE 1-b but Thin geometry - glazed meeting room  33% 
TYPE 2 Retrofitted buildings. partitioned offices. heavy inertia - 5000 m² 8% 
TYPE 3  Small buildings of industrial suburban zones - 1000 m² 25% 

 
 



1.2 Geometrical description 

1.2.1 Type 1a 

Offices

Offices

Conference roomsCirculationsWC

54.35 m

39.51 m7.42 m 7.42 m

23 m 5 m

9 m

9 mOffices

Offices

Conference roomsCirculationsWC

54.35 m

39.51 m7.42 m 7.42 m

23 m 5 m

9 m

9 m

 
Building Type 1a has 12 identical floors of  3 m height each.  
 
Table 2 : Repartition of UTH by use 

UTH1 Usage Surface area of 
one floor 

Surface area 
of 12 floors 

Percentage of 
total Volume 

1 WC 37.0 444.6 3 1 333.8 
2 offices 489.1 5869.8 17 609.4 
3 offices 489.1 5869.8 

78.3 
17 609.4 

4 meeting rooms 197.6 2371.2 15.8 7 113.6 
5 circulations 37.0 444.6 3 1 333.8 

Total 1250 15 000 100 45 000 
 
Table 3 : Outside surface area for one floor 

Room height m 3 Outside surfaces for one floor 

Surface area m² 15000 Ceiling Vertical (opaque and 
glazed) Glazed surface 

Usage UTH  N S E W N S E W 

WC 1 37.1 0 0 0 15 0 0 0 0 
offices 2 489.1 163.0 0 27 27 81.5 0 0 0 
offices 3 489.1 0 163.0 27 27 0 81.5 0 0 

meeting rooms 4 197.6 0 0 15 0 0 0 0 0 
circulations 5 37.1 0 0 0 0 0 0 0 0 

 
Table 4 : Total outside surface area  

Room height m 3 Outside surfaces for the building 

Surface area m² 15000 roof Vertical (opaque and 
glazed) Total Total Total 

Usage UTH  N S E W Vertical  glazed 

WC 1 37.1 0 0 0 180 180 217.1 0 
offices 2 489.2 1956.6 0 324 324 2604.6 3093.8 978.3 
offices 3 489.2 0 1956.6 324 324 2604.6 3093.8 978.3 

meeting rooms 4 197.6 0 0 180 0 180 377.6 0 
circulations 5 37.1 0 0 0 0 0 37.1 0 

total m²  1250    5569.2 6819.2 1956.6 
Ratio (with respect to useful total surface area) 0.37 0.45 0.13 
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1 UTH : Homogeneous thermal zone 



1.2.2 Type 1b 
 

 
Offices 

Conference rooms Circulations   WC 
 

69.44 m 

54.32 m 7.42 m 7.70 m 

18 m 5 m 

5 m 

5 m 

Offices 

 
 
Building Type 1b has 12 identical floors.  
 
Table 5 : Repartition of UTH by use 

UTH Usage Surface area of 
one floor 

Surface area 
of 12 floors 

Percentage of 
total Volume 

1 WC 37.1 445.2 3.0 1 335.6 
2 offices 347.2 4166.4 12 499.2 
3 offices 347.2 4166.4 55.6 12 499.2 
4 meeting rooms 271.6 3259.2 21.7 9 777.6 
5 circulations 246.9 2962.8 19.7 8 885.5 

Total 1249.9 14 999 100 44 997.1 
 
Table 6: Outside surface area for one floor 

Room height m 3 Outside surfaces for one floor 

Surface area m² 15000 Ceiling Vertical (opaque and 
glazed) Glazed surface 

Usage UTH  N S E W N S E W 

WC 1 37.1 0 0 0 15 0 0 0 0 
offices 2 347.2 208.3 0 15 15 104.2 0 0 0 
offices 3 347.2 0 208.3 15 15 0 104.2 0 0 

meeting rooms 4 271.6 0 0 15 0 0 0 0 0 
circulations 5 246.9 0 0 9 9 0 0 0 0 

 
Table 7 : Total outside surface area  

Room height m 3 Outside surfaces for the building 

Surface area m² 15000 roof Vertical (opaque and 
glazed) Total Total Total 

Usage UTH  N S E W Vertical  glazed 

WC 1 37.1 0 0 0 180 180 217.1 0 
offices 2 347.2 2499.6 0 180 180 2859.6 3206.8 1 250 
offices 3 347.2 0 2499.6 180 180 2859.6 3206.8 1 250 

meeting rooms 4 271.6 0 0 180 0 180 451.6 0 
circulations 5 246.9 0 0 108 108 216 462.8 0 

total m²  1 250    6 295.2 7 545.1 2 500 
Ratio (with respect to useful total surface area) 0.42 0.50 0.17 
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1.2.3 Type 1c 

Offices

Offices Conference rooms

Circulations

WC

108.70 m

56.2 m

11.5 m 1.5 m

5 m

5 m

37.6 m 7.48 m 7.42 m

Offices

Offices Conference rooms

Circulations

WC

108.70 m

56.2 m

11.5 m 1.5 m

5 m

5 m

37.6 m 7.48 m 7.42 m  
Building Type 1c has 12 identical floors.  
 
Table 8 : Repartition of UTH by use 

UTH Usage Surface area of 
one floor 

Surface area 
of 12 floors 

Percentage of 
total Volume 

1 WC 37.0 444.6 3 1333.8 
2 offices 281 3372 10 116 
3 offices 469 5628 

60 
16 884 

4 meeting rooms 262.5 3150 21 9450 
5 circulations 200.5 2405.4 16 7216.2 

Total 1250 15 000 100 45 000 
 
Table 9: Outside surface area for one floor 

Room height m 3 Outside surfaces for one floor 

Surface area m² 15000 Ceiling Vertical (opaque and 
glazed) Glazed surface 

Usage UTH  N S E W N S E W 

WC 1 37.1 22.3 0 15 0 11.1 0 0 0 
offices 2 281 0 168.6 0 15 0 84.3 0 0 
offices 3 469 281.4 0 0 15 140.7 0 0 0 

meeting rooms 4 262.5 0 157.5 15 0 0 78.8 0 0 
circulations 5 200.5 22.4 0 4.5 4.5 11.2 0 0 0 

 
Table 10 : Total outside surface area  

Room height m 3 Outside surfaces for the building 

Surface area m² 15000 roof Vertical (opaque and 
glazed) Total Total Total 

Usage UTH  N S E W Vertical  glazed 

WC 1 37.1 267.1 0.0 180 0 447.1 484.2 133.6 
offices 2 281 0.0 2023.2 0 180 2203.2 2484.2 1011.6 
offices 3 469 3376.8 0.0 0 180 3556.8 4025.8 1688.4 

meeting rooms 4 262.5 0.0 1890.0 180 0 2070.0 2332.5 945 
circulations 5 200.5 269.3 0.0 54 54 377.3 577.7 134.6 

total m²  1250    8654.4 9904.5 3913.2 
Ratio (with respect to useful total surface area) 0.58 0.66 0.26 
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1.2.4 Type 2 

Offices

Offices

Conference roomsCirculationsWC

69.44 m

54.32 m7.42 m 7.70 m

18 m 5 m

5 m

5 m
Offices

Offices

Conference roomsCirculationsWC

69.44 m

54.32 m7.42 m 7.70 m

18 m 5 m

5 m

5 m

 
Building Type 2 has 4 identical floors.  
 
Table 11 : Repartition of UTH by use 

UTH Usage Surface area of 
one floor 

Surface area 
of 4 floors 

Percentage of 
total Volume 

1 WC 37.1 148.4 3 445.2 
2 offices 347.2 1388.8 4166.4 
3 offices 347.2 1388.8 

56 
4166.4 

4 meeting rooms 271.6 1086.4 22 3259.2 
5 circulations 246.8 987.3 20 2961.8 

Total 1250 5000 100 14997 
 
Table 12: Outside surface area for one floor 

Room height m 3 Outside surfaces for one floor 

Surface area m² 5000 Ceiling Vertical (opaque and 
glazed) Glazed surface 

Usage UTH  N S E W N S E W 

WC 1 37.1 0 0 0 15 0 0 0 0 
offices 2 347.2 208.3 0 15 15 57 0 0 0 
offices 3 347.2 0 208.3 15 15 0 57 0 0 

meeting rooms 4 271.6 0 0 15 0 0 0 0 0 
circulations 5 246.8 0.0 0 9 9 0 0 0 0 

 
Table 13 : Total outside surface area  

Room height m 3 Outside surfaces for the building 

Surface area m² 5000 roof Vertical (opaque and 
glazed) Total Total Total 

Usage UTH  N S E W Vertical  glazed 

WC 1 37.1 0 0 0 60 60 97.1 0 
offices 2 347.2 833.3 0 60 60 953.3 1300.5 229.2 
offices 3 347.2 0 833.3 60 60 953.3 1300.5 229.2 

meeting rooms 4 271.6 0 0 60 0 60 331.6 0 
circulations 5 246.8 0 0 36 36 72 318.8 0 

total m²  1250    2098.6 3348.5 458.3 
Ratio (with respect to useful total surface area) 0.42 0.67 0.09 
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1.2.5 Type 3 

Offices

Offices Conference rooms

Circulations

WC

33.5 m

15 m

14 m 2 m

6 m

6 m

6 m 15 m

2.5 m

Offices

Offices Conference rooms

Circulations

WC

33.5 m

15 m

14 m 2 m

6 m

6 m

6 m 15 m

2.5 m

 
Building Type 3 has 2 identical floors.  
 
Table 14 : Repartition of UTH by use 

UTH Usage Surface area of 
one floor 

Surface area 
of 2 floors 

Percentage of 
total Volume 

1 WC 15 30 3 81.0 
2 offices 90 180 486.0 
3 offices 201 402 58 1085.4 
4 meeting rooms 90 180 18 486.0 
5 circulations 108 216 21 583.2 

Total 504 1008 100 2721,6 
 
Table 15: Outside surface area for one floor 

Room height m 2.7 Outside surfaces for one floor 

Surface area m² 1000 Ceiling Vertical (opaque and 
glazed) Glazed surface 

Usage UTH  N S E W N S E W 

WC 1 15 6.8 0 16.2 0 3.8 0 0 0 
offices 2 90 0 40.5 0 16.2 0 22.5 0 0 
offices 3 201 90.5 0 0 16.2 50.3 0 0 0 

meeting rooms 4 90 0 40.5 16.2 0 0 22.5 0 0 
circulations 5 108 0 16.2 5.4 5.4 0 9.0 0 0 

 
Table 16 : Total outside surface area  

Room height m 2.7 Outside surfaces for the building 

Surface area m² 1000 roof Vertical (opaque and 
glazed) Total Total Total 

Usage UTH  N S E W Vertical  glazed 

WC 1 15 14 0 32 0 46 60.9 7.5 
offices 2 90 0 81 0 32 113.4 203.4 45.0 
offices 3 201 181 0 0 32 213.3 414.3 100.5 

meeting rooms 4 90 0 81 32 0 113 203.4 45.0 
circulations 5 108 0 32 11 11 54 162.0 18.0 

total m²  504    540 1044 216 
Ratio (with respect to useful total surface area) 0.54 1.04 0.21 

 
1.2.6 Summary of the geometrical characteristics 
 
Table 17: General characteristics of the considered types 
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Building type 1a 1b 1c 2 3 
Total surface area 15000 m² 5000 m² 1000 m² 

Height under ceiling 3 m 2.7m 
Orientation North/South or East/West 

Ratio of surface area by type of use (with respect to useful total surface area) 
Offices 0.78 0.55 0.6 0.55 0.58 

Meeting rooms 0.16 0.22 0.21 0.22 0.18 
WC 0.03 0.03 0.03 0.03 0.03 

Circulations 0.03 0.2 0.16 0.20 0.21 
Ratio of outside walls surface area  (with respect to useful total surface area) 

Total 0.45 0.50 0.66 0.67 1.04 
Vertical walls (opaque 

and glazed) 0.37 0.42 0.58 0.42 0.54 

Roof 0.08 0.08 0.08 0.25 0.5 
0.13 0.17 0.26 0.09 0.21 

Glazed surfaces (vertical) 50% of vertical surfaces 
with window (N/S or 

E/W) 

27.5% of vertical surfaces 
with window (N/S or 

E/W) 

34% of vertical 
surfaces with window 

(N/S or E/W) 
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1.3 Building envelope characteristics  
 
1.3.1 Thermal insulation 
 
Two levels of overall  thermal transfer coefficients U are given in order to account for climate zone 
differences : 
 
Table 18 :Values of U in W/m²K   

 Values in 
W/m².K Description 

0.8 
Outside layer : Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
insulating material 0.024m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) wall 

0.6 
Outside layer : Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
insulating material 0.036m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 

3 Double glazing of 4mm width for each glazing and 8mm air space. 
window 2 Double glazing of 4mm width for each glazing and 12mm air space, with reflective coating 

(effective emittance of 0.2). 

0.4 
Outside layer : Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
insulating material 0.06m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) roof 

0.3 
Outside layer : Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
insulating material 0.085m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 

 
For the sake of simplicity, no thermal bridge is considered. These losses are balanced by the choice of 
a quite high Uwall.  The heat losses by the ground are neglected.   
 
1.3.2 Thermal inertia 
 
The thermal inertia of type 1 buildings is considered as low and the thermal inertia of type 2 and 3 
buildings is considered as medium. 
 
Table 19 :Inertia of buildings   

Building type 1a 1b 1c 2 3 
Total surface area 15000 m² 5000 m² 1000 m² 
Height under ceiling 3 m 2.7m 
Thermal inertia low medium medium 

Surface of each wall (m²)2

Outside Wall 3612 3795 4741 1640 324 
Windows 1956 2500 3913 458 216 
Intermediate floors and ceiling 28750 28750 28750 8750  
Floor and ceiling (heavy)     1512 
Roof  1250 1250 1250 1250 504 
Inner walls  6000 8000 12000  713 
Inner walls (heavy)    4500  

Daily thermal inertia according to Standard EN ISO 137863

Cm (kJ/m²/K)  ~130 215 190 
Am (-) ~2.6 2.7 3.2 

Table 20 :Wall description   
composition Cm (kJ/m²/K) 

Outside Wall 
Outside layer : Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
 insulating material 0.024m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 

30 

Windows Double glazing of 4mm width for each glazing and 8mm air space. 7 

                                                           
2 detailed description of walls is given in Table 20 
3 The daily inertia of furniture is taken into account by adding a fixed thermal capacity value of 20 kJ/m²/K  
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Floor & 
ceiling Cement 0.1m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 93 

Floor  & 
ceiling 
(heavy) 

Cement 0.15m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 126 

Roof  
Outside layer : Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
 insulating material 0.06m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 

25 

Inner walls  plaster 0.02m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 16 
Inner walls 

(heavy) Cement 0.1m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 93 

 
1.3.3 Solar heat gain 
 

 Solar heat gain 
coefficient without 
solar protection 

Light transmission 
ratio without solar 
protection 

Solar heat gain 
coefficient with 
solar protection 

Light transmission 
ratio with solar 
protection 

Wall 0.01 - - - 
Windows 0.6 0.6 0.2 0.2 
Roof 0.015 - - - 

 
 
1.3.4 Infiltration 
 
The air permeability of the building under 4 Pa is fixed to 1.7 × (heat loss surface: outside walls and 
roof) / (surface area) 
 

Building type 1a 1b 1c 2 3 
Air permeability (m3/h/m²) 0.77 0.86 1.12 1.14 1.77 

 



1.4 Internal heat sources 
 
1.4.1 People and electrical devices  
 
The sizing of the offices is defined as  one person per 12 m². The sensible heat released by each person 
is supposed to be 105W  and the moisture release is 0.09kg/h. The heat released by the appliances is 
sized to 15W/m². The appliances are essentially computer equipment. In the use of the building, one 
assumes that at maximum, the offices are occupied at 80% of the sizing values and the same for the 
appliance loads. 
The occupancy profile is defined as follows :  
 
Figure 1 : Occupancy profile in the offices compared to the sizing value 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

time (h)

oc
cu

pa
nc

y

 
No consideration about holiday and bank holiday is taken into account. 
The appliance load profile is defined as follows : 
 
Figure 2 : Appliance profile in the offices compared to the sizing value  
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The conference rooms are sized for one person per 3.5m². One assumes there is no electrical device in 
the conference rooms at the exception of  lighting. The occupancy profile of conference room are 
defined as follows : 
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Figure 3 : Occupancy profile in the conference rooms compared to the sizing value  
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No occupation is considered in toilets and circulations. 
 
1.4.2 Solar protection and lighting 
 
The lighting power is assessed to 18W/m² in offices and conference rooms, 12W/m² in the 
circulations and 6W/m² in the toilets.  
The artificial lighting is dependent on the natural lighting and so on the solar protection use.  A study 
[ALE 2006] as shown that the use of  solar protection can be described as :  
 
Figure 4 : Average use of solar protection  
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The position of solar protections during non occupancy is defined as equal to those in the last hour of 
occupancy.  
A study [ALE 2006] as shown that the use of  artificial lighting can be described as : 
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Figure 5 : Average use of artificial lighting 
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The artificial lighting is supposed switch off during non occupancy. 
 
 
1.4.3 Ventilation and set point temperatures 
 

Ventilation rate 
25 m3/h/person in offices  
30 m3/h/person in conference room 
6h-20h during week – Stopped during weekend 

Set point temperatures 

21°C – 24°C 
inoccupation heating temperature : 15°C  
heating from 6h to 20h except Saturday and Sunday 
Air conditioning stopped during  non occupation period 
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1.4.4 Summary of internal sources and ventilation 
 

UTH Number of 
occupants 

Outside air 
supply 
(m3/h) 

Exhaust air 
(m3/h) AHU (m3/h) Lighting 

(W) 
Internal Gains 

(W) 

Office building – Type 1a 

1 0  3000 
constant  2670 0 

2 489 12 225   105 650 88 000 
3 489 12 225   105 650 88 000 
4 677 20 310  20 310 42 700 0 
5 0  21 450  5340 0 

Office building – Type 1b 

1 0  3000 
constant  2670 0 

2 347 8675   75 000 62 500 
3 347 8675   75 000 62 500 
4 931 27 930  27 930 58 700 0 
5 0  14 350  35 550 0 

Office building – Type 1c 

1 0  3000 
constant  2670 0 

2 281 7025   60 700 50 600 
3 469 11 725   101 300 84 400 
4 900 27 000  27 000 56 700 0 
5 0  15 750  28 850 0 

Office building – Type 2 

1 0  1000 
constant  890 0 

2 116 2900   25 000 20 800 
3 116 2900   25 000 20 800 
4 310 9 300  9 300 19 550 0 
5 0  4800  11 850 0 

Office building – Type 3 
1 0  200 constant  180 0 

2 15 375   3240 2700 

3 33 825   7236 6030 

4 51 1530  1530 3240 0 

5 0  1000  2592 0 
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1.5 Building / HVAC System  
 
Reversible heat pump can be associated to fan coils units (FCU) or variable and constant air volume 
system (VAV and CAV). Some systems are rarely implemented in some types of buildings. The 
following matrix illustrates how to match system with buildings. It is possible that this table should 
be inadequate in some countries. 

Table 21: HVAC system type matched to building type 

 FCU VAV CAV VRF 
Reversible 
multi 
SPLIT 

HP 

Office  type 1a       
Office  type 1b       
Office  type 1c       
Office type 2       
Office type 3       

 
 
 



2 Representative health care institutions 
 
2.1 Description of representative types 
 
In France, there are 4203 health care buildings which represents 465 494 beds (for stay longer than 
24h) and 48019 places (for stay shorter than 24h) [FIL 2006]. Thus, the air-conditioned health care 
buildings have been classified in two categories according to French stock [FIL 2006]. This typology is 
proposed to be widened to all European countries. 
 
Two characteristic health care buildings have been chosen based on French stock: 

1. The first type corresponds to a large hospital with a surface of 30 353 m².   40%  
 

2. The second type concerns the rest homes (care institutions including retirement homes,) with 
a surface of 3900 m²             60% 

 
2.2 Geometrical  description 
 
2.2.1 TYPE 1 –Large compact hospital 
 
 surface = 30 353 m2, 300 beds 
 
Figure 6 : health care building type 1 – Hospital 

 

 

bedrooms 

 
courtyard 

 Operations room  
courtyard  

       Laboratories 

bedrooms  

46,1 m 5 m 25,7 m 10,2 m 10,2 m 25,7 m 5 m 5,2 m 5,4 m 

4 m 

3,2 m 

46,8 m 

138,5 m 

4 m 

9,3 m 

20,8 m 

6,6 m 

9,3 m 

4 m 

toilets 
offices, consultation room, emergency room 
bedrooms 

circulations 
operations room 
laboratories, restaurant, technical annexes 
 

 
The building has 5 identical floors of 3 m height each. The building of 30 353 m² total surface  is split 
in:  
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Table 22: Repartition of UTH by use 

UTH Usage Surface area of 
one floor 

Surface area 
of 5 floors % of  total Volume 

1 469,2 2346 7038 
1’ 

offices, consultation 
rooms, emergency rooms 274 1370 

12.2 
4110 

2 Laboratories, restaurants, 
technical annexes 958.9 4794.4 15.8 14382.2 

3 Operation room 304.3 1521.3 5.0 4563.9 
4 bedrooms 532.4 2662 7986 
5 bedrooms 532.4 2662 7986 
6 bedrooms 291.6 1458 

22.3 
4374 

7 Circulations 2333.4 11666.8 38.4 35000.4 
8 187.3 936.3 2809 
8’ 

toilets 
187.3 936.3 

6.2 
2809 

Total 6070,6 30 353 100 91059.6 

Table 23: Outside surface area for one floor 

Room height m 3 Outside surfaces for one floor 

Surface area m² 30 353 Vertical (opaque and 
glazed) Glazed surface 

Usage UTH 

Ceiling 
 

Architectural 
projection 

N S E W N S E W 

1 469,2 No 0 0 138 0 0 0 38 0 Offices, cons., 
emerg. 1’ 274 Yes 0 0 164,4 0 0 0 45 0 

Labo., rest., 2 958,9 Yes 0,0 0 0 62,4 0 0 0 17 
Operation room 3 304,3 Yes 0 0,0 0 19,8 0 0 0 0 

Bedrooms 4 532.4 No 399 0 12 0 110 0 3 0 
Bedrooms 5 532.4 No 0 399,3 12 0 0 110 3 0 
Bedrooms 6 291.6 No 16 16,2 0 162 4 4 0 45 

Circulations 7 2333,4 Yes 77 77,1 0 82,2 21 21 0 23 
8 187.3 Yes 77 0 0 0 21 0 0 0 Toilets 
8’ 187.3 Yes 0 77,1 0 0 0 21 0 0 

 
The glazing represents 27.5% of the vertical surfaces for all outside walls except for those of operation 
rooms where there is no window. The far shading due to architectural projection in the courtyard is 
taken into account.  



Table 24: Total outside surface area  

Room height m 3 Outside surfaces for the building 

Surface area m² 30 353 roof Vertical (opaque and 
glazed) Total Total Total 

Usage UTH  N S E W Vertical  glazed 

1 469.2 0 0 690 0 190 Offices, cons., emerg. 
1’ 274 0 0 822 0 

1512 2255,2 
226 

Labo., rest., 2 958,9 0 0 0 312 312 1270,9 86 
Operation room 3 304,3 0 0 0 99 99 403,3 0 

Bedrooms 4 532.4 1997 0 60 0 2057 2610,5 566 
Bedrooms 5 532.4 0 1997 60 0 2057 2610,5 566 
Bedrooms 6 291.6 81 81 0 810 972 1220,4 267 

Circulations 7 2333,4 386 386 0 411 1182 3515,4 325 
8 187.3 386 0 0 0 106 Toilets 
8’ 187.3 0 386 0 0 

771 1145,5 
106 

total m²  6070,6    8961,0 15031,6 2437.1 
Ratio (with respect to useful total surface area) 0,30 0,50 0,08 

 
2.2.2 TYPE 2 – Rest homes 
 surface ≈ 3 900 m2, 90 beds 

Figure 7 : Health care building type 2 – Rest home 
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8m 2m 6m 10m 10m  
The building has four identical floors. The room height is equal to 3 meters. The number of bed is 
about 90. The building of 3917 m² total surface  is split in:  

 bedrooms   
Circulations   
Technical premises 
Nursing room  
Common room  
Restauration  
toilets   

Table 25: Repartition of UTH by use 

UTH Usage Surface area of 
one floor 

Surface area 
of 4 floors % of  total Volume 

1 144 576 1728 
1’ 40 160 480 
1’’ 

bedrooms 
40 160 

22,9 
480 

2 1  44 576 1728 
2’ 40 160 480 
2’’ 

bedrooms 
40 160 

22,9 
480 

3 Co  mmon room 144 576 14,7 1728 
4 restaurant 60 240 6,1 720 
5 N  ursing room 48 192 4,9 576 
6 cir s culation 167,2 668,8 17,1 2006,4 
7 toilets 64 256 6,5 768 
8 Technical premises 48 192 4,9 576 

Total 979,2 3917 100 11750,4 
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Table 26: Outside surface area for one floor 
Room height m 3 Outside surfaces for one floor 

Surface area m² 3 917 Vertical (opaque and 
glazed) Glazed surface 

Usage UTH 

Ceiling 
 

Architectural 
projection 

N S E W N S E W 

1 144 No 0 108 12 12 0 32 0 0 
1’ 40 Yes 0 30 0 12 0 9 0 0 bedrooms 
1’’ 40 Yes 0 30 12 0 0 9 0 0 
2 144 No 108 0 12 12 32 0 0 0 
2’ 40 Yes 30 0 0 12 9 0 0 0 bedrooms 
2’’ 40 Yes 30 0 12 0 9 0 0 0 

Common room 3 144 Yes 0 0 0 54 0 0 0 16 
restaurant 4 60 Yes 0 0 30 0 0 0 9 0 

Nursing room 5 48 Yes 0 0 24 0 0 0 7 0 
circulations 6 167,2 No 0 0 9,6 9,6 0 0 3 3 

Toilets 7 64 No 0 0 0 0 0 0 0 0 
Technical premises 8 48 No 0 0 0 0 0 0 0 0 

 
The glazing represents 30% of the main vertical surfaces. The far shading due to architectural 
projections is taken into account.  

Table 27: Total outside surface area  

Room height m 3 Outside surfaces for the building 

Surface area m² 3 917 roof Vertical (opaque and 
glazed) Total Total Total 

Usage UTH  N S E W Vertical  glazed 

1 144 0 432 48 48 528 672,0 130 
1’ 40 0 120 0 48 168 208,0 36 bedrooms 
1’’ 40 0 120 48 0 168 208,0 36 
2 144 432 0 48 48 528 672,0 130 
2’ 40 120 0 0 48 168 208,0 36 bedrooms 
2’’ 40 120 0 48 0 168 208,0 36 

Common room 3 144 0 0 0 216 216 360,0 65 
restaurant 4 60 0 0 120 0 120 180,0 36 

Nursing room 5 48 0 0 96 0 96 144,0 29 
circulations 6 167,2 0 0 38 38 77 244,0 23 

Toilets 7 64 0 0 0 0 0 64,0 0 
Technical premises 8 48 0 0 0 0 0 48,0 0 

total m²  979,2    2236,8 3216,0 557 
Ratio (with respect to useful total surface area) 0,57 0,82 0,14 
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2.3 Building envelope characteristics  
 
2.3.1 Thermal insulation 
Two levels of overall  thermal transfer coefficients U are given in order to account for differences 
between climate zones  : 

Table 28 :Values of U in W/m²K   

 Values in 
W/m².K Description 

0.6 
Outside layer : insulating material 0.036m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K))  
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) wall 

0.4 
Outside layer : insulating material 0.06m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K))  
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 

3 Double glazing of 4mm width for each glazing and 8mm air space. 
window 2 Double glazing of 4mm width for each glazing and 12mm air space, with reflective coating 

(effective emittance of 0.2). 

0.3 
Outside layer : insulating material 0.085m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
 Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) roof 

0.2 
Outside layer : insulating material 0.13m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
 Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 

 
For the sake of simplicity, no thermal bridge is considered. These losses are balanced by the choice of 
a quite high Uwall.  
 
2.3.2 Thermal inertia 
The thermal inertia of type 1 is considered as high and the thermal inertia of type 2 is considered as 
medium. 

Table 29 :Inertia of buildings   

Building type 1 2 
Total surface area 30 353m² 3917 m² 

Height under ceiling 3 m 3 m 
Thermal inertia high medium 

Surface of each wall (m²) 
Outside Wall 6524 1609 

Windows 2437,1 627,8 
Floors & ceilings (heavy) 54635  

Floors ceilings (light)  6854 
Roof 6070 979,2 

Inner walls (light)  3400 
Inner walls (heavy) 14000  

Daily thermal inertia according to Standard EN ISO 137864

Cm (kJ/m²/K) 270 240 
Am (-) 2.5 2.3 

 
 
 
 
 

                                                           
4 The daily inertia of furniture is taken into account by adding a fixed thermal capacity value of 20 kJ/m2/K  
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Table 30 :Wall description   

composition Cm 
(kJ/m²/K) 

Outside 
Wall 

Outside layer : insulating material 0.036m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 
Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 

Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 
137 

Window
s 

Double glazing of 4mm width for each glazing and 12mm air space, with reflective coating 
(effective emittance of 0.2). 10 

Floor 
(heavy) Cement 0.20m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 140 

Floor 
(light) Cement 0.10m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 93 

Roof 
Outside layer : insulating material 0.085m (ρ=56 kg/m3 , λ=0.029W/(m.K), cp= 1220 J/(kg.K)) 

Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 
Inside layer:  plaster 0.012m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 

136 

Inner 
walls 
(light) 

plaster 0.04m (ρ=1860 kg/m3 , λ=0.72W/(m.K), cp= 840 J/(kg.K)) 32 

Inner 
walls 

(heavy) 
Cement 0.13m (ρ=1900 kg/m3 , λ=0.58 W/(m.K), cp= 1000 J/(kg.K)) 115 

 
2.3.3 Solar heat gain 
 

 Solar heat gain 
coefficient without 
solar protection 

Light transmission 
ratio without solar 
protection 

Solar heat gain 
coefficient with 
solar protection 

Light transmission 
ratio with solar 
protection 

Wall 0.01 - - - 
Windows 0.6 0.6 0.2 0.2 
Roof 0.015 - - - 

 
Architectural projections are included.  
 
2.3.4 Infiltration 
The air permeability of the building under 4 Pa is fixed to 1.2  

Building type 1 2 
Air permeability (m3/h/m²) 1.2 1.2 

 
2.4 Internal heat sources 
 
2.4.1 Occupation profiles and internal gains – Type 1  
 
Offices, consultation and emergency rooms  
The occupation rate in these rooms is set to 1 person per 26 m² with the following assumptions of 
0.47person/bed. The internal gains are set to 7.5 W/m². 
One assumes that the offices are occupied to 80% at maximum and the internal gains are at maximum 
80% of  sizing value.  
Figure 8 and Figure 9 show the occupation profiles and internal gains (every day of the week).   
 
 



 
Figure 8 : Occupation profile in the offices, consultation and emergency rooms compared to 
maximum  
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Figure 9 : Internal gain profile in the offices, consultation and emergency rooms compared to 
maximum 
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The lighting power is sized to 10 W/m².  
The solar protection and artificial lighting uses are similar to those of office buildings (2.4.2) with the 
following use of artificial lighting in function of natural lighting: 

Figure 10: Use of artificial lighting (with dimmer and without presence detector) 
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ion flow rate is 25 m3/h per person with 1 person per 26 m2. 

Laboratories, restaurant, technical annexes  
The technical premises are sized for one person per 20m².  
Figure 11 shows the occupation  profile every day of the week.   
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Figure 11 : Occupation profile in laboratories, restaurant, technical annexes compared to maximum 

0

0.2

0.1

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

ighting power is 10 W/m². (switch on in occupancy only). 
he power of internal is 20 W/m² and the ratio of use is presented on 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

 
The installed l
T
Figure 12.  

Figure 12 : Internal gains in laboratories, restaurant, technical annexes compared to maximum  
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o solar protection are considered here.  

oom 

The outdoor air flow rate is  6 vol/h. N
Nota : no kitchen is taken into account. 
 
Operation r
The operation room is sized for 1 person per 10 m². Figure 13 shows the occupation profile every day 
of the week.  
 
Figure 13 : Occupation profile in operation room compared to maximum 

0
0.1
0.2

0.3
0.4
0.5
0.6
0.7

1

0.8
0.9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

 



IEA ECBCS Annex 48   Subtasks 1.1.to1.3 Annexes 27 

The installed lighting power is 50 W/m² (fully switch on during occupancy only). Figure 14 shows the 
internal gain profile compared to maximum installed power which is 30 W/m² (every day of the 
week).  
Figure 14 : Internal gain profile in operation room compared to maximum installed power  
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The outside air flow rate is 15 vol/h.  
 

visitors by bed during the 
day the bedrooms can welcome up to about 1 person per 8 m² including visitors.  
 
Figure 15 shows the occupation profile for every day of the week.  
 
Figure 15 : Occupation profile in bedroom compared to maximum  
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One considers 101 beds per building surface (including circulations) based on typical ratios found in 
hospitals. As a consequence, one gets 22 m²/bed. If one assumes up to 2 
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The installed lighting power is 10 W/m². The internal gain profile including electrical appliances (TV 
set…) with a maximum power of 7 W/m² is the same.  



 
Figure 16 : Internal gain profile in bedrooms compared to maximum  
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r protection are assumed to be fully used during summer (Weeks 20 to 37) and partially used 

 
Circulations 
No occupation is considered in circulations. The installed lighting power is 12 W/m². No solar 
protection is used. As regards the artificial lighting, one assumes that it is similar to Figure 16 during 
the day and 10% of the lighting is used during night from 23h to 7h.  
 
Toilets 
No occupation is considered in toilets. The installed lighting power is 6 W/m². No solar protection is 
used. The artificial lighting is assumed to be used at 10% all the day long.  
 

The sola
(50%) in mid season (weeks 16 to 19 and 38 to 41) and not used all the other weeks. The artificial 
lighting profile is similar to Figure 16.  

he outdoor air flow rate is 25 m3T
 

/h per person and 1person per 8 m2.  
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2.4.2 Occupation profiles and internal gains – TYPE 2 
 
Bedrooms  
The bedrooms are sized for one person per 20 m². Figure 17 shows the occupation profile  for every 
day of the week.  

Figure 17 : Occupation profile in bedrooms compared to maximum 
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The installed lighting power is 10 W/m². Figure 18 shows the lighting profile. The internal gain 
profile including electrical appliances (TV set…) with a maximum power of 2.8 W/m² is the same. 
The solar protection uses are identical those of bedrooms in larges hospitals. The lighting use is 
similar to bedrooms of Type 1.  

Figure 18 : Internal gain profile in bedrooms compared to maximum 
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The outdoor air flow rate is 18 m3/h per person and one person per 20 m2. 
 
Nursing room 
The nursing room is sized for one person per 30 m². Figure 19  shows the occupation profile for every 
day of the week.  

Figure 19 : Occupation profile in nursing room compared to maximum 
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The installed lighting power is 10 W/m². It is fully used during occupancy only. Figure 20 shows the 
internal gain profile compared to maximum installed power which is 20 W/m² (every day of the 
week). Solar protections are used as in bedrooms.  
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Figure 20 : Internal gain profile in nursing room compared to maximum 

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

 
loor rate is 4 vol/h.  

s are sized for 1 person per 6 m². Figure 21 shows the occupation profile for every 

Figure 21 : Occupation profile in common rooms compared to maximum 
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The installed lighting power is 12 W/m² and its use profile is as Figure 21. Figure 22 shows the 
internal gain profile compared to maximum installed power which is 2 W/m² (every day of the 
week).   

Figure 22 : Internal gain profile in common rooms compared to maximum 

0.8
0.9

1

0
0.1

0.2
0.3

0.7

1 2 3 4 5 6 7 8 9 10 11 1 13 14 15 16 17 18 19 20 21 22 23 24

0.4
0.5

0.6

2

 

managed 

 rate is one person per 5 m². Figure 23 shows the occupation and internal gain 
rofiles for every day of the week  

 
The outdoor air flow rate is 18 m3/person and 1 person per 6 m2.  The solar protections are 
as in the bedrooms. 
 
Restaurants 
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p
 
 



Figure 23 :  Occupation and internal gain profiles in restaurants 
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The installed lighting power is 12 W/m² (switch on during occupancy only as in Figure 23). 
The internal gain profile is presented above with a maximum power of electrical appliances of 2 

/m².  
e solar protections are managed 

s in the bedrooms. 

 
Circulations 
One assumes no occupation in circulations. Th inst power is 12 W/m². No solar 
protection is used. As regards the artificial lighting, one assumes a similar use to bedrooms.  
Toil
 
N  in toilets. The installed lighting power is 6 W/m², one assumes 10% of 
use
 
Techni
The technical premises are not heated, cooled and are not considered in the simulations.  

tilation is carried by air handling units for all rooms except for bedrooms, circulations and 
s. For t and is exhausted in toilets and circulations 

ed only in the operation rooms during non 
ccupation period.  

 
Set point temperatures are defined in homogeneous thermal zones.   
 

 u h iffe s o g types  

 

W
The outdoor air flow rate is 18 m3/person and 1 person per 5 m2. Th
a
 
Nota : no kitchen is taken into account. 

e alled lighting 

ets 

o redoccupation is conside
 all the day. 

cal premises 

 
2.4.3 Ventilation and set point temperatures 
 
The ven
toilet hese zones, the air is supplied in bedrooms 
through extraction system. The ventilation is stopp
o

Table 31 : S mmary of t e set points in he dt rent zone f the two buildin

Cooling set point (° C) 
Summer Relative 

Humidity  
Winter Relative 
Humidity  set 

point (%) 
set Heating set 

point (° C) point (%) 

Off  con s, 
emergency rooms 

stau s, com rooms 
24 - 

ices, sultation

Re rant mon 
21 - 

Laboratories,  technical 
annexes,

N rsing rooms 
26 aximu HR uncontrolled 

u
55 % m m 20  

Operation rooms 26 55 ± 10 24 55 ± 10 
Bedrooms 24 - 21 - 

 
The inoccupation heating temperature is 15°C and air conditioning is stopped during  inoccupation 
period. 
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2.4. u
 

Large Hospital – type 1 

4 S mmary of internal sources and ventilation 

UTH b Outside 
air supply 
(m3

Exhaust air 
(m3

AHU 
(m3/h) 

Lighting 
(W) tect nal 

s (W) 
N
occ /h) /h) Solar pro ions Inter

g ina

1 143 3 575   37 160 As in office buildings 27 870 

2 240 86 299  86 299 47 944 No solar protection 95 888 
3 152 68 459  68 459 76 065 No solar protection 45 639 
4 333 8 319   26 620 18 634 
5 333 8 319   26 620 18 634 
6 182 4 556   14 580 

Fully used during summer, 
50% during mid season, not 

used during winter 10 206 
7 0  16 100  140 002 No solar protection 0 
8 0  8 669  11 235 No solar protection 0 

 

Rest home – type 2 

UTH Number of 
occupants 

Outside air 
supply (m3/h) 

Exhaust air 
(m3/h) AHU (m3/h) Lighting (W) Internal Gains 

(W) 

1 45 8960 2508.8 
2 45 

1 620   
8960 2508.8 

3 96 1 728   6912 1152 
4 48 864  864 2880 480 
5 7 2 304  2 304 1920 3840 
6 0  2 009  8026 0 
7 0  1 339  1536 0 

 



2.5 Hot water consumption scenario 

2.5.1 hospital – Type 1 
Based on [AIC 1991], the hot water consumption is simulated by using the following equation : 

24
VV pj

h= ,  hiih V.)V( α=

Vpj : Daily volume consumption (in L) 
Vh  : Average hourly volume consumption (in L)  
Vhi  : Hourly volume consumption (in L) 
with  a dimensionless coefficient defined  hour by hour in Table 32 iα

Table 32: Hourly values  of Hot Water consumption in hospitals  
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22
 to
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3h

 

23
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 2
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Σα
i

Monday to 
Thursday 0 0 0 0 0 0,55 0,41 2,59 2,73 3,36 1,27 3,82 1,05 0,82 0,59 1,5 1 2 1,91 0,05 0,27 0,09 0 0 24 

Friday to 
Saturday 0 0 0 0 0 0,18 0,76 2,05 2,85 2,85 1,69 4,07 0,58 1,08 0,43 1,05 1,3 1,05 3,46 0,18 0,43 0 0 0 24 

Sunday 0 0 0 0 0 0,74 0,87 3,05 4,79 1,57 0,91 3,48 0,52 0,35 0,44 0,91 0,83 2,4 2,26 0,35 0,22 0,26 0,04 0 24 

 
The hourly share of hot water consumption  based on Table 32 is represented on Figure 24. 
Figure 24 : Hourly share of hot water consumption in hospitals  
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Table 33: Hot water consumption in hospital type 1 

Needs of hot water in liters at  60 
°C Ratio [AIC 1991] L/day 

bedrooms 60 L/bed/day 18 000 
Restaurant 10 L/meal 9 000 

2.5.2 Rest home – type 2 
 
The hot water consumption is simulated as for Hospital- type 1 with the following hourly share : 
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Table 34: Hourly values  of Hot Water consumption in rest homes 

period 
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Σα
i

Monday to 
Tuesday 0 0 0 0,2 0,4 0,6 2,81 2,61 2,41 2,41 1 0,6 0,4 0,2 0,4 0,4 0,4 0,4 4,82 2,01 0,4 0,8 0,7 0 24 

Thursday 
to Friday  0 0 0 0,17 0,35 0,7 4,01 2,27 1,05 0,52 0,35 0,7 1,05 0,17 0,44 0,26 0,52 0,61 6,98 0,7 0,52 0,7 1,92 0 24 

Wednesday
, Saturday, 

Sunday 
0 0 0 0 0,09 0,45 7,49 2,85 0,27 0,36 0,18 0,36 0,89 0,18 0,36 0,18 0,18 0,36 4,46 3,39 0,36 0,54 1,07 0 24 
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Figure 25 : Hourly share of hot water consumption in rest homes 

 
 

Table 35: Hot water consumption in rest homes type 2 

Needs of hot water in liters at  60 
°C Ratio [AIC 1991] L/day 

bedrooms 40 L/ bed/day 3 600 
Restaurant 5 L /meal 1 350 
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2.6 Building / HVAC System  
 
Reversible heat pump can be associated to fan coils units (FCU) or constant air volume system (CAV). 
Some systems are rarely implemented in some types of buildings. The following matrix illustrates 
how to match system with buildings. It is possible that this table should be inadequate in some 
countries. 

Table 36: HVAC system type matched to building type 

 FCU VAV CAV VRF 
Reversi
ble multi 

SPLIT 
HP 

hospital  type 1       
Rest home  type 2       
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ANNEX 2 :   RESULTS OF HEATING AND COOLING DEMANDS IN OFFICE 
BUILDINGS 

Table 37: Results for high loads buildings with set point temperatures of 21/24°C 
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HIGH LOADS 21/24°C SETPOINT TEMPERATURES 
1a NS PARIS LOW LOW 22.2 36.0 21.3 24.7 0.96 824 2.2 6.9 131 10.7 9.6 
1a NS PARIS HIGH LOW 21.3 39.2 20.4 26.7 0.74 883 2.5 8.3 122 10.1 9.0 
1a NS PARIS LOW HIGH 32.4 29.6 31.0 22.5 1.03 684 1.9 5.5 116 11.1 8.3 
1a NS PARIS HIGH HIGH 31.3 32.6 29.9 24.4 0.85 759 2.3 6.8 110 10.5 8.4 
1a NS TORINO LOW LOW 20.5 50.2 20.3 33.1 0.83 712 2.1 6.4 125 12.1 11.0 
1a NS TORINO HIGH LOW 19.2 54.5 19.1 35.4 0.63 769 2.4 7.7 120 11.9 10.9 
1a NS TORINO LOW HIGH 29.9 44.4 29.5 32.0 1.00 654 2.0 5.5 118 14.7 9.2 
1a NS TORINO HIGH HIGH 28.5 48.5 28.2 34.3 0.76 723 2.4 6.8 115 14.1 9.7 
1a NS ATHENES LOW LOW 6.7 78.5 6.7 45.8 0.42 702 1.8 6.2 101 5.6 10.3 
1a NS ATHENES HIGH LOW 6.1 83.6 6.1 48.2 0.25 749 2.0 7.3 100 5.2 11.0 
1a NS ATHENES LOW HIGH 9.9 74.2 9.9 46.9 0.42 627 1.7 5.2 109 7.8 9.2 
1a NS ATHENES HIGH HIGH 9.2 79.1 9.2 49.3 0.33 690 2.1 6.3 111 7.8 9.9 
1a NS MUNICH LOW LOW 27.9 37.1 26.6 24.4 1.10 1056 4.0 11.3 126 12.5 10.8 
1a NS MUNICH HIGH LOW 26.7 41.2 25.4 26.8 0.73 1137 4.6 13.6 121 12.1 11.4 
1a NS MUNICH LOW HIGH 42.1 29.3 40.0 21.4 1.45 859 3.4 8.8 112 11.0 10.3 
1a NS MUNICH HIGH HIGH 40.7 33.0 38.6 23.8 1.02 940 4.1 11.0 108 11.1 10.7 
1a NS LISBOA LOW LOW 5.6 63.2 5.5 32.5 0.44 918 2.4 8.7 84 4.2 9.3 
1a NS LISBOA HIGH LOW 5.4 66.3 5.3 33.8 0.37 972 2.6 9.5 84 4.0 10.1 
1a NS LISBOA LOW HIGH 8.0 56.1 7.9 31.6 0.44 903 2.6 7.9 114 6.7 10.6 
1a NS LISBOA HIGH HIGH 7.8 59.0 7.7 33.0 0.38 966 2.9 8.8 106 6.3 10.2 
1a EW PARIS LOW LOW 22.2 37.4 21.4 26.1 0.90 767 1.9 6.9 120 9.8 8.4 
1a EW PARIS HIGH LOW 21.3 41.3 20.5 28.7 0.69 837 2.3 8.5 113 9.4 8.0 
1a EW PARIS LOW HIGH 32.4 31.0 31.0 23.9 1.02 650 1.8 5.5 95 8.5 6.2 
1a EW PARIS HIGH HIGH 31.4 34.8 30.0 26.4 0.79 710 2.2 7.2 94 9.3 6.5 
1a EW TORINO LOW LOW 20.6 51.6 20.4 35.0 0.75 619 1.6 5.7 111 10.8 8.8 
1a EW TORINO HIGH LOW 19.5 56.5 19.3 38.0 0.55 667 1.8 6.8 109 10.7 8.7 
1a EW TORINO LOW HIGH 30.2 46.1 29.8 33.9 0.90 555 1.4 4.9 111 13.3 8.0 
1a EW TORINO HIGH HIGH 28.9 50.8 28.6 36.9 0.66 621 1.8 6.2 103 12.4 7.7 
1a EW ATHENES LOW LOW 6.7 81.8 6.7 49.0 0.42 643 1.5 5.6 98 5.4 9.2 
1a EW ATHENES HIGH LOW 6.1 88.0 6.1 52.4 0.26 677 1.7 6.6 96 5.0 9.5 
1a EW ATHENES LOW HIGH 9.9 77.5 9.9 50.1 0.43 561 1.4 4.6 102 7.3 7.6 
1a EW ATHENES HIGH HIGH 9.2 83.6 9.2 53.6 0.30 607 1.6 5.7 101 6.9 7.9 
1a EW MUNICH LOW LOW 28.1 38.7 26.8 26.1 0.92 985 3.6 11.3 110 11.0 8.5 
1a EW MUNICH HIGH LOW 27.1 43.6 25.8 29.2 0.59 1054 4.1 13.8 108 10.9 9.4 
1a EW MUNICH LOW HIGH 42.5 31.0 40.4 23.1 1.29 803 3.1 9.1 96 9.2 8.4 
1a EW MUNICH HIGH HIGH 41.2 35.5 39.1 26.2 0.54 892 3.8 11.7 91 9.3 8.6 
1a EW LISBOA LOW LOW 5.5 67.8 5.4 35.9 0.37 906 2.4 8.4 74 3.8 7.5 
1a EW LISBOA HIGH LOW 5.3 72.8 5.2 38.6 0.28 976 2.7 9.5 66 3.4 7.0 
1a EW LISBOA LOW HIGH 7.9 60.6 7.8 35.1 0.37 898 2.6 7.6 84 5.4 6.3 
1a EW LISBOA HIGH HIGH 7.7 65.6 7.6 37.8 0.28 966 3.0 8.9 81 5.3 6.3 
1b NS PARIS LOW LOW 33.0 26.6 32.2 19.7 1.06 549 1.7 3.3 131 12.3 10.2 
1b NS PARIS HIGH LOW 31.3 29.8 30.7 21.8 1.00 636 2.2 4.5 125 11.9 10.3 
1b NS PARIS LOW HIGH 46.0 22.4 44.7 17.7 1.24 505 1.8 3.2 133 15.5 10.1 
1b NS PARIS HIGH HIGH 44.2 25.3 43.0 19.7 1.18 597 2.4 4.4 125 14.7 10.2 
1b NS TORINO LOW LOW 29.8 41.7 29.8 29.1 1.04 585 2.3 4.1 128 15.9 11.0 
1b NS TORINO HIGH LOW 28.0 46.2 27.9 31.6 0.93 653 2.7 5.4 125 16.2 11.5 
1b NS TORINO LOW HIGH 41.5 37.3 41.3 27.9 1.20 612 2.7 4.1 127 18.6 10.7 
1b NS TORINO HIGH HIGH 39.5 41.6 39.3 30.4 1.14 687 3.4 5.5 123 18.0 11.6 
1b NS ATHENES LOW LOW 9.3 67.3 9.3 42.8 0.53 470 1.4 3.1 123 9.2 10.7 
1b NS ATHENES HIGH LOW 8.4 72.7 8.4 45.4 0.43 529 1.7 4.1 117 8.5 11.0 
1b NS ATHENES LOW HIGH 14.0 64.5 14.0 43.9 0.67 491 1.7 3.2 127 12.1 10.4 
1b NS ATHENES HIGH HIGH 12.9 69.7 12.9 46.5 0.54 554 2.1 4.2 123 11.7 10.7 
1b NS MUNICH LOW LOW 39.0 28.4 38.0 19.7 1.42 873 4.3 7.4 134 15.6 12.4 
1b NS MUNICH HIGH LOW 37.1 32.7 36.1 22.3 1.09 974 5.2 9.7 127 15.3 12.8 
1b NS MUNICH LOW HIGH 56.1 22.5 54.2 16.9 1.73 806 4.6 6.6 128 16.3 12.0 
1b NS MUNICH HIGH HIGH 53.8 26.5 52.0 19.4 1.42 912 5.8 9.0 126 16.5 13.1 

  



HIGH LOADS 21/24°C SETPOINT TEMPERATURES 

1b NS LISBOA LOW LOW 6.7 44.9 6.7 26.1 0.67 591 1.7 3.6 122 7.1 9.8 
1b NS LISBOA HIGH LOW 6.3 48.0 6.3 27.5 0.55 657 2.0 4.4 119 6.9 10.4 
1b NS LISBOA LOW HIGH 10.6 39.5 10.5 25.1 0.72 631 2.1 3.8 133 10.3 9.0 
1b NS LISBOA HIGH HIGH 10.1 42.5 10.0 26.5 0.62 697 2.5 4.7 128 10.1 9.4 
1b EW PARIS LOW LOW 33.0 28.1 32.3 21.4 1.08 515 1.5 3.2 111 11.5 7.4 
1b EW PARIS HIGH LOW 31.4 32.1 30.8 24.0 1.03 595 2.0 4.5 102 11.3 7.1 
1b EW PARIS LOW HIGH 46.1 23.9 44.8 19.3 1.26 494 1.7 3.1 115 14.1 8.3 
1b EW PARIS HIGH HIGH 44.2 27.6 43.1 21.9 1.20 589 2.3 4.5 104 13.9 7.2 
1b EW TORINO LOW LOW 30.1 43.3 30.1 31.4 0.98 462 1.3 2.9 118 15.7 8.5 
1b EW TORINO HIGH LOW 28.3 48.4 28.3 34.6 0.80 538 1.7 3.9 112 15.9 8.3 
1b EW TORINO LOW HIGH 42.0 39.2 41.8 30.2 1.12 498 1.7 3.0 110 17.2 7.8 
1b EW TORINO HIGH HIGH 40.0 44.1 39.8 33.5 0.99 562 2.1 4.2 109 17.3 8.6 
1b EW ATHENES LOW LOW 9.2 71.2 9.2 46.7 0.48 392 1.0 2.3 115 8.9 8.8 
1b EW ATHENES HIGH LOW 8.3 77.8 8.3 50.4 0.37 436 1.2 3.1 108 8.4 8.3 
1b EW ATHENES LOW HIGH 13.9 68.6 13.9 47.8 0.62 392 1.0 2.3 117 11.8 8.5 
1b EW ATHENES HIGH HIGH 12.9 75.0 12.9 51.5 0.47 443 1.4 3.3 114 11.4 8.6 
1b EW MUNICH LOW LOW 39.4 30.3 38.4 21.8 1.34 800 3.5 7.2 115 14.0 9.6 
1b EW MUNICH HIGH LOW 37.6 35.4 36.6 25.1 0.85 895 4.4 9.6 108 13.9 9.6 
1b EW MUNICH LOW HIGH 56.6 24.6 54.8 18.9 1.64 746 3.7 6.7 108 14.2 9.4 
1b EW MUNICH HIGH HIGH 54.5 29.3 52.7 22.2 1.09 845 4.8 9.2 106 14.2 10.3 
1b EW LISBOA LOW LOW 6.4 50.0 6.4 30.2 0.55 608 1.7 3.1 100 6.9 7.2 
1b EW LISBOA HIGH LOW 6.1 55.4 6.1 33.1 0.41 684 2.1 4.0 96 6.7 7.9 
1b EW LISBOA LOW HIGH 10.3 44.7 10.2 29.2 0.62 626 2.0 3.1 103 9.2 6.4 
1b EW LISBOA HIGH HIGH 9.8 49.9 9.8 32.2 0.46 713 2.6 4.2 101 9.2 7.0 
1c NS PARIS LOW LOW 50.4 29.4 48.5 22.0 1.06 503 1.8 2.4 130 16.4 10.0 
1c NS PARIS HIGH LOW 46.2 33.9 44.9 25.0 0.97 458 1.5 1.9 124 14.5 10.1 
1c NS PARIS LOW HIGH 62.5 25.9 59.8 20.3 1.21 410 1.5 1.9 132 19.1 10.1 
1c NS PARIS HIGH HIGH 57.9 30.0 56.0 23.2 1.11 385 1.3 1.6 125 16.7 10.4 
1c NS TORINO LOW LOW 43.4 46.2 43.1 32.6 1.04 487 1.9 2.5 129 20.0 11.0 
1c NS TORINO HIGH LOW 38.6 52.8 38.4 36.6 0.96 401 1.4 1.7 121 17.7 11.2 
1c NS TORINO LOW HIGH 54.3 42.7 53.7 31.6 1.18 495 2.0 2.3 126 21.9 10.2 
1c NS TORINO HIGH HIGH 49.1 48.9 48.7 35.6 1.09 416 1.6 1.7 121 19.6 11.0 
1c NS ATHENES LOW LOW 15.6 75.3 15.6 48.4 0.65 401 1.3 1.9 125 12.4 11.1 
1c NS ATHENES HIGH LOW 12.9 83.7 12.9 53.0 0.54 332 0.9 1.3 116 10.4 10.7 
1c NS ATHENES LOW HIGH 19.9 73.0 19.9 49.3 0.74 387 1.3 1.6 126 14.9 10.4 
1c NS ATHENES HIGH HIGH 17.0 81.1 17.0 53.8 0.65 326 1.0 1.1 121 13.2 10.2 
1c NS MUNICH LOW LOW 55.4 32.0 53.3 22.4 1.34 685 3.3 4.2 134 17.9 12.4 
1c NS MUNICH HIGH LOW 49.9 37.7 48.6 26.1 1.19 617 2.7 3.4 121 15.8 11.3 
1c NS MUNICH LOW HIGH 71.2 27.1 68.2 20.0 1.59 601 3.1 3.5 128 17.9 11.7 
1c NS MUNICH HIGH HIGH 65.2 32.3 63.1 23.5 1.42 565 2.9 2.8 120 15.8 11.7 
1c NS LISBOA LOW LOW 13.1 47.3 12.9 27.9 0.65 637 2.2 3.3 122 10.0 9.3 
1c NS LISBOA HIGH LOW 11.3 51.9 11.2 30.2 0.60 573 1.8 2.7 120 8.7 10.2 
1c NS LISBOA LOW HIGH 16.8 43.0 16.4 27.2 0.78 613 2.1 2.9 132 12.9 8.4 
1c NS LISBOA HIGH HIGH 14.8 47.3 14.6 29.5 0.71 551 1.8 2.4 126 11.4 8.8 
1c EW PARIS LOW LOW 50.7 31.7 49.0 24.1 0.92 498 1.8 3.1 110 13.9 7.5 
1c EW PARIS HIGH LOW 46.6 36.7 45.5 27.6 0.84 427 1.4 2.3 103 13.4 6.7 
1c EW PARIS LOW HIGH 62.8 28.2 60.3 22.4 1.05 417 1.6 2.5 115 16.1 8.4 
1c EW PARIS HIGH HIGH 58.4 32.9 56.7 25.8 0.97 389 1.4 2.0 103 14.8 6.8 
1c EW TORINO LOW LOW 44.8 49.3 44.4 35.6 0.84 427 1.5 2.8 120 18.5 8.7 
1c EW TORINO HIGH LOW 40.5 56.4 40.3 40.4 0.77 375 1.3 2.1 116 17.3 8.8 
1c EW TORINO LOW HIGH 55.7 45.8 55.1 34.6 0.95 413 1.6 2.5 114 20.2 7.8 
1c EW TORINO HIGH HIGH 51.1 52.6 50.8 39.3 0.87 357 1.3 1.9 113 19.2 8.5 
1c EW ATHENES LOW LOW 16.1 81.1 16.1 53.4 0.53 386 1.2 2.3 114 11.2 8.8 
1c EW ATHENES HIGH LOW 13.6 90.8 13.6 59.3 0.41 308 0.9 1.6 109 9.6 8.4 
1c EW ATHENES LOW HIGH 20.5 78.9 20.5 54.3 0.60 342 1.0 1.9 118 13.4 8.8 
1c EW ATHENES HIGH HIGH 17.8 88.2 17.8 60.1 0.49 294 0.8 1.6 112 11.7 8.4 
1c EW MUNICH LOW LOW 56.6 35.6 54.7 25.3 1.09 665 3.2 5.6 120 17.3 10.3 
1c EW MUNICH HIGH LOW 51.6 42.1 50.4 29.8 0.89 586 2.6 4.7 105 15.9 7.7 
1c EW MUNICH LOW HIGH 72.5 30.6 69.6 22.9 1.29 591 2.9 4.9 109 15.4 9.9 
1c EW MUNICH HIGH HIGH 67.1 36.7 65.1 27.2 1.11 549 2.5 4.4 106 16.3 9.0 
1c EW LISBOA LOW LOW 12.6 53.0 12.6 32.5 0.56 613 2.2 3.0 95 7.7 6.2 
1c EW LISBOA HIGH LOW 10.8 59.5 10.8 36.5 0.44 535 1.8 2.3 84 6.4 5.7 
1c EW LISBOA LOW HIGH 16.3 48.6 16.2 31.6 0.67 568 2.1 2.6 103 9.7 5.9 
1c EW LISBOA HIGH HIGH 14.3 54.8 14.2 35.4 0.53 499 1.7 2.0 95 8.2 5.8 
"2" NS PARIS LOW LOW 32.8 22.5 31.7 17.9 1.34 504 1.5 2.4 93 7.4 3.9 
"2" NS PARIS HIGH LOW 32.0 24.6 30.9 19.2 1.30 567 1.8 3.0 92 7.8 4.1 
"2" NS PARIS LOW HIGH 44.9 19.4 43.0 16.3 1.53 438 1.4 2.0 89 7.8 4.3 
"2" NS PARIS HIGH HIGH 43.9 21.3 42.0 17.7 1.49 509 1.7 2.7 85 8.3 4.0 
"2" NS TORINO LOW LOW 27.2 36.2 27.0 26.6 1.15 548 1.9 2.7 105 12.3 4.4  
"2" NS TORINO HIGH LOW 26.2 39.1 26.0 28.3 1.08 635 2.5 3.4 101 12.0 4.7 
"2" NS TORINO LOW HIGH 37.7 32.7 37.3 25.8 1.32 492 1.8 2.3 89 11.2 3.6 
"2" NS TORINO HIGH HIGH 36.6 35.5 36.1 27.4 1.25 574 2.4 3.0 89 11.6 4.0 
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HIGH LOADS 21/24°C SETPOINT TEMPERATURES 

"2" NS ATHENES LOW LOW 10.3 59.7 10.3 39.5 0.61 493 1.5 2.2 98 7.2 4.3 
"2" NS ATHENES HIGH LOW 9.8 63.1 9.8 41.2 0.50 556 1.8 2.8 95 7.2 4.2 
"2" NS ATHENES LOW HIGH 14.7 57.7 14.7 40.4 0.72 431 1.3 1.9 92 8.2 4.0 
"2" NS ATHENES HIGH HIGH 14.1 61.0 14.1 42.1 0.65 495 1.7 2.5 91 8.0 4.2 
"2" NS MUNICH LOW LOW 39.5 23.4 37.7 17.4 1.65 777 3.5 4.9 101 9.9 5.5 
"2" NS MUNICH HIGH LOW 38.5 26.0 36.7 19.0 1.52 870 4.2 6.2 97 9.8 5.8 
"2" NS MUNICH LOW HIGH 55.6 19.1 52.7 15.2 2.02 666 3.1 4.1 91 10.2 4.9 
"2" NS MUNICH HIGH HIGH 54.3 21.5 51.5 16.9 1.87 747 3.9 5.3 91 10.7 5.3 
"2" NS LISBOA LOW LOW 8.1 43.6 8.0 25.7 0.61 757 2.6 3.6 94 6.0 4.6 
"2" NS LISBOA HIGH LOW 7.9 45.6 7.8 26.6 0.51 800 2.8 4.1 92 6.0 4.7 
"2" NS LISBOA LOW HIGH 11.7 39.1 11.5 24.9 0.74 719 2.6 3.2 110 8.5 4.7 
"2" NS LISBOA HIGH HIGH 11.4 41.1 11.3 25.9 0.67 780 3.0 3.7 105 8.3 4.8 
"2" EW PARIS LOW LOW 32.9 23.7 31.8 19.0 1.34 462 1.4 2.5 85 7.3 3.3 
"2" EW PARIS HIGH LOW 32.1 26.3 31.0 20.7 1.21 537 1.8 3.3 78 7.2 3.1 
"2" EW PARIS LOW HIGH 45.0 20.6 43.1 17.4 1.53 441 1.6 2.3 72 6.7 2.9 
"2" EW PARIS HIGH HIGH 44.0 23.0 42.2 19.1 1.47 521 2.0 3.1 70 7.0 2.7 
"2" EW TORINO LOW LOW 27.5 37.6 27.3 28.1 1.09 426 1.3 2.3 85 8.4 3.8 
"2" EW TORINO HIGH LOW 26.6 40.9 26.4 30.3 0.98 488 1.7 2.9 82 9.2 3.3 
"2" EW TORINO LOW HIGH 38.2 34.3 37.8 27.3 1.26 406 1.3 2.2 78 9.0 3.2 
"2" EW TORINO HIGH HIGH 37.2 37.5 36.8 29.4 1.17 461 1.7 2.8 75 9.5 3.1 
"2" EW ATHENES LOW LOW 10.4 62.3 10.4 41.9 0.58 410 1.1 1.9 92 7.1 3.5 
"2" EW ATHENES HIGH LOW 9.8 66.5 9.8 44.4 0.48 450 1.3 2.4 91 6.9 3.8 
"2" EW ATHENES LOW HIGH 14.8 60.4 14.8 42.9 0.72 361 1.1 1.7 81 7.2 3.2 
"2" EW ATHENES HIGH HIGH 14.2 64.5 14.2 45.3 0.60 406 1.3 2.2 83 7.8 3.1 
"2" EW MUNICH LOW LOW 39.9 24.8 38.1 18.6 1.57 706 3.0 5.2 82 7.9 4.6 
"2" EW MUNICH HIGH LOW 38.9 28.0 37.2 20.8 1.31 784 3.7 6.6 75 7.6 4.5 
"2" EW MUNICH LOW HIGH 56.1 20.6 53.2 16.5 1.92 630 2.9 4.5 77 8.2 4.1 
"2" EW MUNICH HIGH HIGH 54.9 23.6 52.1 18.7 1.71 708 3.6 5.9 77 9.4 4.6 
"2" EW LISBOA LOW LOW 8.0 47.1 7.9 28.3 0.64 723 2.4 3.6 78 5.8 2.8 
"2" EW LISBOA HIGH LOW 7.8 50.6 7.7 30.2 0.51 779 2.7 4.2 75 5.6 3.1 
"2" EW LISBOA LOW HIGH 11.5 42.7 11.4 27.6 0.75 712 2.6 3.3 85 7.7 3.0 
"2" EW LISBOA HIGH HIGH 11.3 46.1 11.2 29.5 0.61 800 3.2 4.0 78 7.3 2.9 
"3" NS PARIS LOW LOW 60.8 23.3 58.8 19.4 1.40 357 0.9 1.4 98 11.7 4.9 
"3" NS PARIS HIGH LOW 56.8 26.8 55.4 22.0 1.30 327 0.8 1.1 102 11.9 5.2 
"3" NS PARIS LOW HIGH 72.5 21.0 69.8 18.0 1.54 303 0.8 1.1 98 11.5 5.6 
"3" NS PARIS HIGH HIGH 68.3 24.2 66.3 20.4 1.44 278 0.7 1.0 91 10.2 5.3 
"3" NS TORINO LOW LOW 42.0 41.8 41.8 32.1 1.04 462 1.3 1.8 112 15.8 5.6 
"3" NS TORINO HIGH LOW 37.7 47.4 37.6 35.8 0.95 388 1.0 1.3 106 14.1 5.8 
"3" NS TORINO LOW HIGH 52.3 38.9 51.8 31.2 1.17 417 1.3 1.5 109 15.9 5.9 
"3" NS TORINO HIGH HIGH 47.7 44.2 47.4 34.8 1.08 386 1.1 1.2 101 14.9 5.4 
"3" NS ATHENES LOW LOW 19.3 69.8 19.3 49.3 0.78 321 0.7 1.1 111 10.9 6.5 
"3" NS ATHENES HIGH LOW 16.6 76.6 16.6 53.2 0.67 274 0.5 0.7 108 10.0 6.1 
"3" NS ATHENES LOW HIGH 23.7 68.4 23.7 50.1 0.86 280 0.7 0.8 104 11.1 5.8 
"3" NS ATHENES HIGH HIGH 20.9 75.0 20.9 54.0 0.77 238 0.5 0.6 102 10.5 5.8 
"3" NS MUNICH LOW LOW 60.6 25.4 58.7 19.7 1.61 575 2.0 3.1 108 11.7 6.7 
"3" NS MUNICH HIGH LOW 55.6 30.0 54.3 22.9 1.42 514 1.8 2.3 100 10.6 6.5 
"3" NS MUNICH LOW HIGH 75.9 21.7 73.1 17.5 1.86 486 1.8 2.4 109 13.1 7.0 
"3" NS MUNICH HIGH HIGH 70.5 25.8 68.5 20.6 1.65 487 1.7 2.2 104 12.0 7.1 
"3" NS LISBOA LOW LOW 14.5 42.4 14.3 28.0 0.79 587 1.7 2.4 120 9.1 6.0 
"3" NS LISBOA HIGH LOW 12.7 46.1 12.6 30.0 0.69 539 1.4 2.1 114 8.1 5.8 
"3" NS LISBOA LOW HIGH 18.1 39.0 17.9 27.3 0.87 519 1.5 2.0 117 10.6 4.8 
"3" NS LISBOA HIGH HIGH 16.3 42.5 16.1 29.3 0.80 476 1.3 1.7 113 9.5 4.9 
"3" EW PARIS LOW LOW 61.0 25.4 59.2 21.2 1.11 345 0.9 1.9 92 10.0 4.3 
"3" EW PARIS HIGH LOW 57.2 29.6 56.0 24.3 0.97 298 0.7 1.4 90 9.6 4.0 
"3" EW PARIS LOW HIGH 72.7 22.9 70.1 19.7 1.22 302 0.8 1.6 91 9.8 5.1 
"3" EW PARIS HIGH HIGH 68.6 26.8 66.8 22.7 1.09 284 0.8 1.3 84 9.4 4.4 
"3" EW TORINO LOW LOW 43.3 44.8 43.0 34.7 0.79 360 1.0 2.0 98 11.5 5.1 
"3" EW TORINO HIGH LOW 39.5 51.3 39.4 39.3 0.71 329 0.9 1.7 97 11.2 5.1 
"3" EW TORINO LOW HIGH 53.5 42.0 53.1 33.8 0.89 324 0.9 1.8 92 10.8 5.0 
"3" EW TORINO HIGH HIGH 49.5 48.1 49.2 38.2 0.81 304 0.8 1.4 92 11.0 4.9 
"3" EW ATHENES LOW LOW 19.8 74.8 19.8 53.5 0.58 285 0.6 1.4 103 8.8 5.9 
"3" EW ATHENES HIGH LOW 17.3 83.1 17.3 58.8 0.49 230 0.5 0.9 95 8.0 4.4 
"3" EW ATHENES LOW HIGH 24.2 73.5 24.2 54.3 0.64 236 0.5 1.1 100 9.5 5.6 
"3" EW ATHENES HIGH HIGH 21.6 81.6 21.6 59.5 0.56 200 0.4 0.9 99 9.2 5.4 
"3" EW MUNICH LOW LOW 61.6 28.6 59.8 22.1 1.19 543 2.0 4.0 94 9.2 6.7 
"3" EW MUNICH HIGH LOW 57.1 34.1 56.0 26.2 1.03 485 1.7 3.4 79 7.6 5.5 
"3" EW MUNICH LOW HIGH 76.9 24.7 74.2 19.9 1.37 505 2.0 3.6 90 9.9 6.2 
"3" EW MUNICH HIGH HIGH 72.0 29.9 70.1 23.8 1.20 469 1.7 3.2 83 9.0 5.6 
"3" EW LISBOA LOW LOW 14.0 47.3 13.9 31.9 0.58 538 1.6 2.0 94 6.7 4.2 
"3" EW LISBOA HIGH LOW 12.2 53.3 12.1 35.7 0.50 477 1.3 1.6 84 5.6 3.5  
"3" EW LISBOA LOW HIGH 17.6 43.8 17.5 31.2 0.66 457 1.4 1.7 99 8.1 3.7 
"3" EW LISBOA HIGH HIGH 15.6 49.5 15.6 34.8 0.59 425 1.3 1.3 91 7.0 3.5 
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Table 38: Results for high load buildings with set point temperatures of 20/25°C 
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HIGH LOADS 20/25°C SETPOINT TEMPERATURES 

1a NS PARIS LOW LOW 18.8 -30.9 18.3 -22.4 0.87 489 1.0 -3.2 121 6.7 -8.7 
1a NS PARIS HIGH LOW 18.0 -34.1 17.5 -24.4 0.70 567 1.3 -4.1 112 6.4 -8.1 
1a NS PARIS LOW HIGH 27.7 -24.9 26.7 -19.8 1.02 364 0.7 -2.2 109 5.5 -9.1 
1a NS PARIS HIGH HIGH 26.8 -27.8 25.8 -21.8 0.87 445 1.0 -3.1 103 6.1 -8.5 
1a NS TORINO LOW LOW 17.3 -44.6 17.2 -30.7 0.79 459 1.0 -3.2 118 8.5 -9.3 
1a NS TORINO HIGH LOW 16.2 -48.8 16.1 -33.0 0.59 518 1.3 -4.1 114 8.1 -9.7 
1a NS TORINO LOW HIGH 25.6 -38.6 25.4 -29.1 0.99 385 0.8 -2.4 109 9.2 -7.6 
1a NS TORINO HIGH HIGH 24.4 -42.6 24.2 -31.5 0.77 471 1.2 -3.2 105 9.8 -7.3 
1a NS ATHENES LOW LOW 5.1 -71.5 5.1 -43.2 0.35 463 0.9 -3.1 106 4.2 -9.2 
1a NS ATHENES HIGH LOW 4.7 -76.6 4.7 -45.6 0.23 521 1.1 -3.9 101 4.0 -9.0 
1a NS ATHENES LOW HIGH 7.6 -66.7 7.6 -43.8 0.40 357 0.7 -2.2 108 5.0 -8.6 
1a NS ATHENES HIGH HIGH 7.2 -71.6 7.2 -46.2 0.31 424 1.0 -3.0 109 5.3 -8.8 
1a NS MUNICH LOW LOW 24.6 -32.8 23.6 -22.5 1.12 794 2.4 -7.3 119 7.6 -11.1 
1a NS MUNICH HIGH LOW 23.5 -36.8 22.5 -24.9 0.74 890 3.0 -9.2 114 7.7 -11.6 
1a NS MUNICH LOW HIGH 37.4 -25.2 35.8 -19.2 1.49 598 1.8 -5.1 107 7.4 -10.1 
1a NS MUNICH HIGH HIGH 36.1 -28.8 34.5 -21.5 1.05 703 2.4 -6.8 109 8.0 -10.8 
1a NS LISBOA LOW LOW 4.1 -56.4 4.1 -30.0 0.34 646 1.4 -4.8 99 3.4 -9.7 
1a NS LISBOA HIGH LOW 4.0 -59.4 4.0 -31.4 0.28 700 1.6 -5.5 92 3.3 -9.3 
1a NS LISBOA LOW HIGH 6.0 -48.7 6.0 -28.7 0.40 578 1.3 -3.7 117 4.8 -9.8 
1a NS LISBOA HIGH HIGH 5.9 -51.7 5.9 -30.1 0.30 640 1.5 -4.4 114 4.8 -9.8 
1a EW PARIS LOW LOW 18.8 -32.4 18.3 -23.8 0.86 463 0.9 -3.3 105 5.4 -6.9 
1a EW PARIS HIGH LOW 18.1 -36.3 17.6 -26.3 0.65 542 1.2 -4.4 102 5.5 -6.9 
1a EW PARIS LOW HIGH 27.8 -26.4 26.9 -21.2 1.02 373 0.9 -2.4 88 4.8 -6.4 
1a EW PARIS HIGH HIGH 26.9 -30.0 26.0 -23.7 0.80 455 1.2 -3.5 81 5.2 -5.3 
1a EW TORINO LOW LOW 17.4 -46.2 17.4 -32.6 0.71 362 0.7 -2.6 107 7.2 -8.1 
1a EW TORINO HIGH LOW 16.5 -51.0 16.4 -35.6 0.50 428 1.0 -3.4 99 6.8 -7.4 
1a EW TORINO LOW HIGH 26.0 -40.5 25.8 -31.0 0.93 304 0.6 -2.0 86 6.1 -5.8 
1a EW TORINO HIGH HIGH 24.9 -45.1 24.7 -34.1 0.66 373 0.9 -2.8 85 6.2 -6.2 
1a EW ATHENES LOW LOW 5.1 -74.8 5.1 -46.3 0.37 395 0.7 -2.6 100 4.0 -7.7 
1a EW ATHENES HIGH LOW 4.7 -81.0 4.7 -49.8 0.21 442 0.9 -3.2 95 3.7 -7.6 
1a EW ATHENES LOW HIGH 7.7 -70.1 7.7 -46.9 0.39 302 0.6 -1.8 101 4.6 -7.5 
1a EW ATHENES HIGH HIGH 7.1 -76.1 7.1 -50.4 0.29 347 0.7 -2.5 100 4.7 -7.4 
1a EW MUNICH LOW LOW 24.9 -34.5 23.9 -24.2 0.95 731 2.2 -7.4 100 6.0 -8.8 
1a EW MUNICH HIGH LOW 23.9 -39.3 23.0 -27.2 0.59 823 2.7 -9.5 94 5.8 -8.9 
1a EW MUNICH LOW HIGH 37.9 -27.0 36.2 -20.8 1.36 579 1.8 -5.4 88 6.1 -7.9 
1a EW MUNICH HIGH HIGH 36.7 -31.5 35.1 -23.9 0.82 672 2.4 -7.5 87 6.4 -8.5 
1a EW LISBOA LOW LOW 4.0 -60.9 4.0 -33.5 0.29 638 1.4 -4.5 81 3.0 -6.5 
1a EW LISBOA HIGH LOW 3.9 -66.0 3.9 -36.1 0.21 705 1.6 -5.4 76 2.8 -6.6 
1a EW LISBOA LOW HIGH 5.9 -53.2 5.9 -32.2 0.34 591 1.4 -3.5 93 4.2 -6.5 
1a EW LISBOA HIGH HIGH 5.8 -58.2 5.8 -34.9 0.22 666 1.7 -4.4 84 3.8 -6.2 
1b NS PARIS LOW LOW 29.8 -24.4 29.1 -18.4 1.03 245 0.6 -1.2 128 8.6 -9.4 
1b NS PARIS HIGH LOW 28.5 -27.7 27.8 -20.5 0.96 327 0.9 -1.9 126 8.9 -9.9 
1b NS PARIS LOW HIGH 40.5 -20.9 39.2 -16.6 1.23 232 0.6 -1.1 119 9.3 -9.1 
1b NS PARIS HIGH HIGH 39.0 -23.9 37.7 -18.7 1.16 318 1.0 -1.8 110 9.1 -8.9 
1b NS TORINO LOW LOW 27.2 -38.5 27.1 -27.0 1.00 343 1.1 -2.0 128 12.5 -9.6 
1b NS TORINO HIGH LOW 25.5 -43.1 25.4 -29.5 0.94 412 1.5 -2.9 128 12.8 -10.8 
1b NS TORINO LOW HIGH 36.8 -34.7 36.5 -25.9 1.17 336 1.2 -1.8 129 14.0 -10.1 
1b NS TORINO HIGH HIGH 35.0 -39.1 34.7 -28.4 1.10 418 1.7 -2.8 121 13.4 -10.5 
1b NS ATHENES LOW LOW 8.3 -62.5 8.3 -39.8 0.50 259 0.7 -1.4 125 6.6 -9.5 
1b NS ATHENES HIGH LOW 7.6 -67.9 7.6 -42.4 0.39 312 0.9 -2.0 121 6.2 -10.0 
1b NS ATHENES LOW HIGH 12.0 -59.7 12.0 -40.4 0.65 242 0.6 -1.3 115 8.0 -7.8 
1b NS ATHENES HIGH HIGH 11.2 -64.9 11.2 -43.0 0.51 313 0.9 -1.9 119 8.4 -8.9 
1b NS MUNICH LOW LOW 37.1 -27.7 35.8 -19.2 1.43 617 2.4 -4.5 131 11.1 -12.0 
1b NS MUNICH HIGH LOW 35.4 -32.1 34.1 -21.8 1.11 728 3.2 -6.4 122 11.4 -11.9 
1b NS MUNICH LOW HIGH 51.5 -22.7 49.3 -16.8 1.79 539 2.3 -3.7 124 11.9 -10.8 
1b NS MUNICH HIGH HIGH 49.6 -26.8 47.4 -19.4 1.46 654 3.3 -5.5 120 12.0 -11.7 
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HIGH LOADS 20/25°C SETPOINT TEMPERATURES 

1b NS LISBOA LOW LOW 6.4 -41.4 6.3 -23.8 0.62 338 0.9 -1.7 129 5.3 -8.7 
1b NS LISBOA HIGH LOW 6.1 -44.5 6.1 -25.2 0.51 388 1.0 -2.3 123 5.2 -9.1 
1b NS LISBOA LOW HIGH 9.3 -36.6 9.3 -22.8 0.67 331 1.0 -1.6 127 6.7 -7.5 
1b NS LISBOA HIGH HIGH 9.1 -39.7 9.0 -24.2 0.59 392 1.2 -2.2 124 6.6 -8.1 
1b EW PARIS LOW LOW 29.9 -26.1 29.2 -20.1 1.03 244 0.6 -1.2 104 7.5 -6.5 
1b EW PARIS HIGH LOW 28.7 -30.1 27.9 -22.7 0.97 332 0.9 -2.0 98 7.4 -6.7 
1b EW PARIS LOW HIGH 40.6 -22.5 39.3 -18.3 1.23 219 0.5 -1.1 109 8.3 -7.9 
1b EW PARIS HIGH HIGH 39.2 -26.3 37.9 -20.9 1.16 320 1.0 -2.0 97 8.1 -7.0 
1b EW TORINO LOW LOW 27.5 -40.2 27.4 -29.3 0.93 220 0.5 -1.0 109 10.6 -7.2 
1b EW TORINO HIGH LOW 25.9 -45.4 25.8 -32.5 0.79 287 0.8 -1.6 109 11.1 -7.4 
1b EW TORINO LOW HIGH 37.2 -36.6 37.0 -28.2 1.09 224 0.5 -1.0 110 10.8 -7.9 
1b EW TORINO HIGH HIGH 35.5 -41.6 35.2 -31.4 0.99 293 0.8 -1.6 105 11.9 -7.6 
1b EW ATHENES LOW LOW 8.3 -66.4 8.3 -43.8 0.45 159 0.3 -0.7 116 6.0 -7.9 
1b EW ATHENES HIGH LOW 7.5 -73.0 7.5 -47.4 0.33 215 0.5 -1.2 109 5.7 -7.0 
1b EW ATHENES LOW HIGH 12.0 -63.8 12.0 -44.3 0.59 161 0.3 -0.7 108 7.7 -6.6 
1b EW ATHENES HIGH HIGH 11.2 -70.2 11.2 -48.0 0.44 208 0.5 -1.3 105 7.4 -6.5 
1b EW MUNICH LOW LOW 37.5 -29.6 36.2 -21.2 1.34 545 1.8 -4.3 107 8.8 -9.2 
1b EW MUNICH HIGH LOW 35.9 -34.9 34.6 -24.6 0.84 652 2.6 -6.3 100 9.2 -8.9 
1b EW MUNICH LOW HIGH 52.1 -24.8 49.8 -18.9 1.68 501 1.9 -3.7 102 9.9 -8.6 
1b EW MUNICH HIGH HIGH 50.3 -29.8 48.1 -22.3 1.10 605 2.7 -5.8 96 9.6 -9.0 
1b EW LISBOA LOW LOW 6.2 -46.5 6.2 -27.9 0.51 346 0.8 -1.2 96 4.4 -5.5 
1b EW LISBOA HIGH LOW 6.0 -51.9 5.9 -30.7 0.37 420 1.1 -1.9 90 4.1 -5.7 
1b EW LISBOA LOW HIGH 9.2 -41.8 9.1 -26.9 0.59 332 0.9 -1.1 102 6.2 -5.4 
1b EW LISBOA HIGH HIGH 8.9 -47.1 8.8 -29.8 0.44 419 1.3 -1.8 96 5.9 -5.4 
1c NS PARIS LOW LOW 44.3 -24.5 43.0 -19.2 1.02 198 0.5 -0.7 128 11.1 -9.7 
1c NS PARIS HIGH LOW 40.4 -28.7 39.6 -22.1 0.93 164 0.3 -0.4 126 10.7 -9.7 
1c NS PARIS LOW HIGH 55.2 -21.2 53.4 -17.4 1.18 153 0.4 -0.5 119 11.5 -9.3 
1c NS PARIS HIGH HIGH 51.0 -25.0 49.7 -20.1 1.08 132 0.3 -0.3 113 10.7 -8.7 
1c NS TORINO LOW LOW 38.1 -40.1 37.9 -29.6 1.00 236 0.6 -0.8 130 15.7 -9.6 
1c NS TORINO HIGH LOW 33.6 -46.4 33.5 -33.5 0.92 172 0.4 -0.4 128 14.5 -10.7 
1c NS TORINO LOW HIGH 47.9 -36.4 47.5 -28.3 1.15 217 0.5 -0.6 132 16.9 -10.3 
1c NS TORINO HIGH HIGH 43.0 -42.3 42.8 -32.2 1.06 162 0.4 -0.4 128 15.3 -11.0 
1c NS ATHENES LOW LOW 12.3 -67.5 12.3 -45.1 0.60 190 0.4 -0.5 125 9.1 -9.6 
1c NS ATHENES HIGH LOW 9.9 -75.7 9.9 -49.6 0.51 117 0.2 -0.2 121 7.5 -9.7 
1c NS ATHENES LOW HIGH 15.9 -64.9 15.9 -45.5 0.69 142 0.3 -0.4 117 9.8 -8.0 
1c NS ATHENES HIGH HIGH 13.3 -72.7 13.3 -50.0 0.62 94 0.2 -0.2 119 9.4 -8.7 
1c NS MUNICH LOW LOW 49.9 -27.5 48.5 -20.0 1.30 407 1.4 -1.9 133 12.8 -11.7 
1c NS MUNICH HIGH LOW 44.7 -32.9 43.8 -23.6 1.15 350 1.0 -1.3 121 11.6 -11.1 
1c NS MUNICH LOW HIGH 64.5 -22.7 62.4 -17.4 1.58 358 1.2 -1.5 124 12.7 -10.7 
1c NS MUNICH HIGH HIGH 58.9 -27.5 57.4 -20.8 1.40 298 1.0 -1.1 114 10.7 -10.7 
1c NS LISBOA LOW LOW 9.9 -40.4 9.8 -25.0 0.58 362 0.9 -1.4 132 7.5 -8.3 
1c NS LISBOA HIGH LOW 8.4 -44.7 8.4 -27.2 0.53 278 0.6 -0.9 126 6.5 -8.6 
1c NS LISBOA LOW HIGH 12.9 -36.1 12.7 -23.9 0.72 301 0.8 -1.0 129 8.5 -6.9 
1c NS LISBOA HIGH HIGH 11.2 -40.1 11.1 -26.1 0.66 255 0.5 -0.7 125 7.4 -7.4 
1c EW PARIS LOW LOW 44.7 -26.9 43.5 -21.4 1.03 235 0.6 -1.2 107 10.6 -7.0 
1c EW PARIS HIGH LOW 41.0 -31.7 40.3 -24.8 0.93 187 0.4 -0.8 99 9.5 -6.4 
1c EW PARIS LOW HIGH 55.6 -23.5 53.9 -19.5 1.19 170 0.4 -0.9 108 10.5 -8.0 
1c EW PARIS HIGH HIGH 51.5 -27.9 50.4 -22.7 1.09 170 0.4 -0.7 101 10.1 -7.1 
1c EW TORINO LOW LOW 39.6 -43.4 39.4 -32.6 0.91 205 0.5 -1.1 110 13.8 -7.6 
1c EW TORINO HIGH LOW 35.5 -50.2 35.5 -37.4 0.83 169 0.4 -0.8 112 14.1 -7.8 
1c EW TORINO LOW HIGH 49.4 -39.7 49.1 -31.3 1.05 169 0.4 -0.8 114 14.2 -8.7 
1c EW TORINO HIGH HIGH 45.1 -46.2 45.0 -35.9 0.96 141 0.4 -0.6 109 14.4 -8.1 
1c EW ATHENES LOW LOW 12.9 -73.4 12.9 -50.1 0.55 158 0.3 -0.8 116 8.8 -8.5 
1c EW ATHENES HIGH LOW 10.6 -82.8 10.6 -56.0 0.43 109 0.2 -0.4 111 7.9 -7.2 
1c EW ATHENES LOW HIGH 16.6 -70.8 16.6 -50.6 0.65 127 0.3 -0.6 110 10.2 -6.9 
1c EW ATHENES HIGH HIGH 14.1 -79.9 14.1 -56.3 0.53 86 0.1 -0.3 106 8.9 -6.9 
1c EW MUNICH LOW LOW 51.3 -31.1 49.9 -23.0 1.20 394 1.4 -3.0 108 10.5 -9.9 
1c EW MUNICH HIGH LOW 46.6 -37.4 45.8 -27.3 1.01 348 1.2 -2.3 97 9.9 -8.0 
1c EW MUNICH LOW HIGH 66.0 -26.2 63.8 -20.3 1.45 352 1.3 -2.5 103 11.0 -9.1 
1c EW MUNICH HIGH HIGH 60.9 -32.0 59.5 -24.5 1.28 309 1.1 -2.1 92 9.8 -7.9 
1c EW LISBOA LOW LOW 9.7 -46.0 9.7 -29.5 0.57 352 0.9 -1.2 102 6.7 -5.6 
1c EW LISBOA HIGH LOW 8.1 -52.3 8.1 -33.3 0.44 293 0.7 -0.9 95 5.7 -5.6 
1c EW LISBOA LOW HIGH 12.6 -41.5 12.6 -28.3 0.70 280 0.8 -0.9 104 8.0 -5.0 
1c EW LISBOA HIGH HIGH 10.9 -47.4 10.9 -32.0 0.56 244 0.6 -0.7 99 7.1 -5.1 
"2" NS PARIS LOW LOW 28.3 -18.8 27.6 -15.6 1.31 238 0.5 -0.8 80 3.7 -3.6 
"2" NS PARIS HIGH LOW 27.6 -20.8 26.9 -17.0 1.27 299 0.7 -1.1 81 4.2 -3.4 
"2" NS PARIS LOW HIGH 39.0 -15.8 37.7 -13.8 1.54 177 0.4 -0.5 79 3.9 -4.1 
"2" NS PARIS HIGH HIGH 38.1 -17.6 36.9 -15.1 1.49 240 0.6 -0.8 77 4.5 -3.6 
"2" NS TORINO LOW LOW 23.5 -31.5 23.4 -24.2 1.12 295 0.8 -1.0 88 6.0 -3.7  
"2" NS TORINO HIGH LOW 22.6 -34.3 22.5 -25.9 1.05 364 1.1 -1.4 86 6.3 -3.9 
"2" NS TORINO LOW HIGH 33.0 -28.1 32.8 -23.1 1.31 248 0.6 -0.8 75 4.8 -3.5 
"2" NS TORINO HIGH HIGH 31.9 -30.7 31.7 -24.7 1.23 314 0.9 -1.1 77 6.1 -3.5 
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HIGH LOADS 20/25°C SETPOINT TEMPERATURES 
"2" NS ATHENES LOW LOW 8.0 -53.4 8.0 -36.7 0.59 241 0.5 -0.8 87 3.7 -3.8 
"2" NS ATHENES HIGH LOW 7.6 -56.8 7.6 -38.4 0.48 297 0.7 -1.1 91 4.3 -4.0 
"2" NS ATHENES LOW HIGH 11.7 -51.2 11.7 -37.2 0.69 198 0.4 -0.6 78 3.4 -3.8 
"2" NS ATHENES HIGH HIGH 11.2 -54.4 11.2 -38.9 0.62 241 0.6 -0.9 78 3.8 -3.8 
"2" NS MUNICH LOW LOW 35.3 -20.1 34.0 -15.6 1.73 518 1.8 -2.6 91 6.5 -4.8 
"2" NS MUNICH HIGH LOW 34.4 -22.7 33.1 -17.2 1.59 615 2.4 -3.6 86 6.5 -5.0 
"2" NS MUNICH LOW HIGH 50.1 -15.9 47.9 -13.2 2.19 420 1.4 -1.9 86 5.8 -5.1 
"2" NS MUNICH HIGH HIGH 49.0 -18.2 46.8 -14.8 2.00 521 2.1 -2.8 86 6.8 -5.2 
"2" NS LISBOA LOW LOW 6.0 -37.5 6.0 -23.1 0.56 469 1.3 -1.6 105 4.4 -4.9 
"2" NS LISBOA HIGH LOW 5.9 -39.5 5.9 -24.1 0.46 523 1.5 -2.0 100 4.4 -4.8 
"2" NS LISBOA LOW HIGH 8.9 -32.8 8.8 -22.1 0.70 359 1.0 -1.1 108 5.4 -4.2 
"2" NS LISBOA HIGH HIGH 8.7 -34.8 8.7 -23.0 0.62 416 1.2 -1.4 105 5.5 -4.4 
"2" EW PARIS LOW LOW 28.4 -20.1 27.7 -16.7 1.31 242 0.6 -0.9 69 3.2 -2.7 
"2" EW PARIS HIGH LOW 27.8 -22.6 27.1 -18.5 1.21 309 0.9 -1.4 70 3.7 -2.7 
"2" EW PARIS LOW HIGH 39.1 -17.0 37.9 -14.9 1.53 212 0.6 -0.7 70 3.6 -3.4 
"2" EW PARIS HIGH HIGH 38.3 -19.3 37.1 -16.6 1.48 280 0.9 -1.2 61 3.6 -2.5 
"2" EW TORINO LOW LOW 23.9 -33.1 23.8 -25.7 1.06 219 0.5 -0.9 69 3.7 -3.2 
"2" EW TORINO HIGH LOW 23.1 -36.4 23.0 -27.9 0.97 271 0.8 -1.2 69 4.1 -3.3 
"2" EW TORINO LOW HIGH 33.5 -29.8 33.3 -24.5 1.23 208 0.5 -0.7 62 4.0 -2.4 
"2" EW TORINO HIGH HIGH 32.6 -32.9 32.4 -26.7 1.15 245 0.6 -1.1 63 4.5 -2.7 
"2" EW ATHENES LOW LOW 8.0 -56.1 8.0 -39.2 0.55 193 0.4 -0.6 73 2.5 -3.1 
"2" EW ATHENES HIGH LOW 7.6 -60.2 7.6 -41.6 0.45 223 0.5 -0.9 76 3.3 -2.8 
"2" EW ATHENES LOW HIGH 11.8 -53.9 11.8 -39.7 0.67 150 0.3 -0.5 70 2.7 -3.3 
"2" EW ATHENES HIGH HIGH 11.3 -58.0 11.3 -42.1 0.56 193 0.5 -0.8 70 2.8 -3.4 
"2" EW MUNICH LOW LOW 35.7 -21.6 34.4 -16.8 1.62 478 1.7 -2.9 69 4.4 -3.9 
"2" EW MUNICH HIGH LOW 34.9 -24.7 33.6 -19.0 1.32 565 2.2 -3.9 65 4.4 -3.9 
"2" EW MUNICH LOW HIGH 50.6 -17.4 48.4 -14.5 2.04 414 1.5 -2.2 71 4.9 -3.8 
"2" EW MUNICH HIGH HIGH 49.6 -20.3 47.4 -16.6 1.76 501 2.2 -3.2 70 5.5 -4.2 
"2" EW LISBOA LOW LOW 5.9 -41.0 5.9 -25.8 0.51 468 1.3 -1.6 78 3.5 -2.7 
"2" EW LISBOA HIGH LOW 5.8 -44.5 5.8 -27.7 0.36 521 1.5 -2.0 71 3.6 -2.3 
"2" EW LISBOA LOW HIGH 8.8 -36.4 8.7 -24.8 0.65 387 1.2 -1.1 88 4.8 -2.9 
"2" EW LISBOA HIGH HIGH 8.6 -39.8 8.6 -26.7 0.50 453 1.5 -1.6 79 4.4 -2.7 
"3" NS PARIS LOW LOW 53.7 -19.0 52.5 -16.5 1.37 124 0.2 -0.3 91 6.2 -4.7 
"3" NS PARIS HIGH LOW 50.1 -22.2 49.2 -18.9 1.26 93 0.1 -0.2 88 6.1 -4.4 
"3" NS PARIS LOW HIGH 64.3 -16.7 62.5 -14.9 1.53 87 0.1 -0.2 88 6.0 -5.1 
"3" NS PARIS HIGH HIGH 60.4 -19.6 59.1 -17.2 1.42 66 0.1 -0.1 87 6.1 -5.0 
"3" NS TORINO LOW LOW 36.9 -36.2 36.8 -28.9 1.02 182 0.3 -0.5 103 10.2 -4.6 
"3" NS TORINO HIGH LOW 32.8 -41.4 32.8 -32.5 0.92 134 0.2 -0.2 108 10.4 -5.3 
"3" NS TORINO LOW HIGH 46.1 -33.2 45.9 -27.7 1.16 151 0.2 -0.3 97 8.8 -4.8 
"3" NS TORINO HIGH HIGH 41.7 -38.0 41.6 -31.2 1.06 111 0.1 -0.2 103 10.1 -5.3 
"3" NS ATHENES LOW LOW 15.4 -62.0 15.4 -45.5 0.74 98 0.1 -0.2 95 5.8 -4.6 
"3" NS ATHENES HIGH LOW 13.0 -68.6 13.0 -49.5 0.64 53 0.1 -0.1 96 5.7 -4.9 
"3" NS ATHENES LOW HIGH 19.1 -60.4 19.1 -46.0 0.82 71 0.1 -0.1 85 4.4 -4.7 
"3" NS ATHENES HIGH HIGH 16.5 -66.7 16.5 -49.9 0.74 39 0.0 -0.1 87 5.8 -4.5 
"3" NS MUNICH LOW LOW 54.8 -21.5 53.6 -17.2 1.60 322 0.8 -1.2 103 7.7 -6.3 
"3" NS MUNICH HIGH LOW 50.2 -25.7 49.3 -20.3 1.40 257 0.5 -0.8 96 6.8 -6.0 
"3" NS MUNICH LOW HIGH 69.0 -17.8 67.0 -14.9 1.89 254 0.6 -0.9 98 7.2 -6.2 
"3" NS MUNICH HIGH HIGH 63.9 -21.6 62.5 -17.8 1.65 236 0.6 -0.6 96 7.7 -6.0 
"3" NS LISBOA LOW LOW 10.9 -35.5 10.9 -24.7 0.72 262 0.6 -0.7 118 6.0 -4.7 
"3" NS LISBOA HIGH LOW 9.4 -38.9 9.4 -26.7 0.65 239 0.4 -0.6 115 5.3 -4.9 
"3" NS LISBOA LOW HIGH 13.8 -32.1 13.7 -23.7 0.84 207 0.4 -0.5 116 6.5 -3.8 
"3" NS LISBOA HIGH HIGH 12.2 -35.3 12.1 -25.7 0.79 201 0.3 -0.4 115 6.3 -4.1 
"3" EW PARIS LOW LOW 54.1 -21.1 52.9 -18.2 1.36 155 0.3 -0.6 77 4.6 -4.2 
"3" EW PARIS HIGH LOW 50.6 -25.0 49.9 -21.3 1.17 125 0.2 -0.4 70 4.6 -3.4 
"3" EW PARIS LOW HIGH 64.6 -18.7 62.9 -16.6 1.52 109 0.2 -0.4 80 5.0 -5.3 
"3" EW PARIS HIGH HIGH 60.8 -22.3 59.7 -19.5 1.34 94 0.2 -0.3 73 4.5 -4.5 
"3" EW TORINO LOW LOW 38.2 -39.4 38.1 -31.5 0.94 168 0.4 -0.7 80 5.9 -4.5 
"3" EW TORINO HIGH LOW 34.8 -45.6 34.7 -36.0 0.84 132 0.3 -0.5 80 6.1 -4.2 
"3" EW TORINO LOW HIGH 47.4 -36.3 47.2 -30.3 1.07 145 0.3 -0.5 80 5.8 -4.8 
"3" EW TORINO HIGH HIGH 43.7 -42.1 43.6 -34.7 0.97 103 0.2 -0.4 79 6.1 -4.5 
"3" EW ATHENES LOW LOW 15.9 -67.1 15.9 -49.7 0.68 88 0.1 -0.3 85 4.3 -4.7 
"3" EW ATHENES HIGH LOW 13.7 -75.2 13.7 -55.0 0.57 50 0.1 -0.1 85 5.3 -4.2 
"3" EW ATHENES LOW HIGH 19.6 -65.6 19.6 -50.1 0.76 76 0.1 -0.3 78 4.2 -4.1 
"3" EW ATHENES HIGH HIGH 17.3 -73.3 17.3 -55.3 0.67 51 0.1 -0.1 78 4.3 -3.9 
"3" EW MUNICH LOW LOW 56.0 -24.6 54.7 -19.6 1.45 307 0.9 -2.0 86 6.3 -6.0 
"3" EW MUNICH HIGH LOW 51.9 -30.0 51.1 -23.6 1.25 266 0.7 -1.5 73 5.2 -4.9 
"3" EW MUNICH LOW HIGH 70.0 -20.8 68.1 -17.3 1.71 288 0.9 -1.6 81 5.8 -5.8 
"3" EW MUNICH HIGH HIGH 65.5 -25.7 64.2 -21.0 1.48 253 0.7 -1.3 78 6.1 -5.2 
"3" EW LISBOA LOW LOW 10.6 -40.3 10.6 -28.6 0.64 267 0.6 -0.7 96 5.4 -3.5 
"3" EW LISBOA HIGH LOW 9.1 -45.9 9.1 -32.2 0.55 241 0.5 -0.5 87 4.8 -3.1  
"3" EW LISBOA LOW HIGH 13.4 -36.7 13.4 -27.5 0.75 176 0.4 -0.4 101 6.2 -3.0 
"3" EW LISBOA HIGH HIGH 11.8 -42.0 11.8 -31.0 0.68 185 0.4 -0.3 95 5.9 -2.8 
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Table 39: Results for low load buildings with set point temperatures of 21/24°C 
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LOW LOADS – 21/24 °C SETPOINT TEMPERATURES 
1a NS PARIS LOW LOW 34.0 -19.4 32.9 -15.5 1.19 405 0.7 -2.2 117 8.1 -8.1 
1a NS PARIS HIGH LOW 32.6 -22.3 31.5 -17.5 0.92 501 0.9 -3.3 112 8.0 -7.9 
1a NS PARIS LOW HIGH 47.4 -16.3 45.6 -13.7 1.39 310 0.5 -1.5 109 8.4 -7.3 
1a NS PARIS HIGH HIGH 45.7 -18.9 44.0 -15.6 1.18 402 0.8 -2.4 104 8.3 -7.3 
1a NS TORINO LOW LOW 30.3 -31.7 30.0 -23.7 1.11 494 1.0 -2.6 119 11.6 -7.9 
1a NS TORINO HIGH LOW 28.6 -35.8 28.3 -26.1 0.80 580 1.4 -3.8 121 11.8 -8.9 
1a NS TORINO LOW HIGH 42.1 -28.3 41.7 -22.7 1.32 395 0.9 -2.0 112 11.0 -8.2 
1a NS TORINO HIGH HIGH 40.3 -32.1 39.8 -25.1 1.01 496 1.4 -3.1 114 11.5 -9.2 
1a NS ATHENES LOW LOW 10.2 -54.1 10.2 -36.4 0.54 388 0.6 -2.1 117 6.9 -7.6 
1a NS ATHENES HIGH LOW 9.3 -59.1 9.3 -38.9 0.34 467 0.9 -3.1 119 7.2 -8.1 
1a NS ATHENES LOW HIGH 15.1 -52.3 15.1 -37.5 0.57 325 0.6 -1.6 105 7.4 -6.7 
1a NS ATHENES HIGH HIGH 14.1 -57.1 14.1 -40.0 0.46 404 0.9 -2.5 109 7.8 -7.1 
1a NS MUNICH LOW LOW 40.5 -20.3 38.8 -15.1 1.59 667 1.7 -4.9 120 8.9 -9.6 
1a NS MUNICH HIGH LOW 38.7 -24.0 37.1 -17.5 1.04 783 2.4 -6.9 118 9.2 -10.3 
1a NS MUNICH LOW HIGH 58.0 -15.7 55.5 -12.6 1.97 544 1.5 -3.5 117 9.7 -9.1 
1a NS MUNICH HIGH HIGH 55.9 -19.0 53.5 -14.9 1.41 648 2.2 -5.4 116 9.6 -10.6 
1a NS LISBOA LOW LOW 8.4 -33.0 8.3 -20.8 0.77 520 0.9 -2.6 121 5.6 -6.8 
1a NS LISBOA HIGH LOW 8.0 -35.9 7.9 -22.2 0.62 592 1.1 -3.3 116 5.6 -7.1 
1a NS LISBOA LOW HIGH 12.7 -29.0 12.5 -20.0 0.77 484 0.9 -2.1 119 7.2 -5.6 
1a NS LISBOA HIGH HIGH 12.2 -31.8 12.0 -21.3 0.63 561 1.2 -2.9 115 7.1 -5.9 
1a EW PARIS LOW LOW 34.1 -20.9 33.0 -16.9 1.18 416 0.8 -2.4 100 7.0 -6.0 
1a EW PARIS HIGH LOW 32.7 -24.5 31.6 -19.5 0.86 505 1.1 -3.7 92 6.7 -5.6 
1a EW PARIS LOW HIGH 47.5 -17.7 45.7 -15.0 1.39 309 0.6 -1.6 98 7.6 -6.4 
1a EW PARIS HIGH HIGH 45.8 -21.0 44.1 -17.5 1.08 413 1.0 -2.8 95 7.9 -6.4 
1a EW TORINO LOW LOW 30.6 -33.4 30.4 -25.7 0.98 369 0.6 -2.1 101 9.5 -5.9 
1a EW TORINO HIGH LOW 29.0 -38.1 28.8 -28.8 0.68 454 0.9 -3.0 100 9.5 -6.6 
1a EW TORINO LOW HIGH 42.7 -30.3 42.2 -24.7 1.24 299 0.5 -1.7 101 9.7 -6.9 
1a EW TORINO HIGH HIGH 40.8 -34.7 40.4 -27.8 0.86 377 0.8 -2.6 98 9.7 -7.2 
1a EW ATHENES LOW LOW 10.3 -57.6 10.3 -39.7 0.52 296 0.4 -1.6 108 6.6 -6.2 
1a EW ATHENES HIGH LOW 9.4 -63.7 9.4 -43.2 0.36 346 0.6 -2.4 109 6.6 -6.5 
1a EW ATHENES LOW HIGH 15.2 -55.9 15.2 -40.8 0.53 238 0.4 -1.2 94 6.8 -5.4 
1a EW ATHENES HIGH HIGH 14.1 -61.9 14.1 -44.4 0.41 302 0.6 -2.1 95 7.1 -5.6 
1a EW MUNICH LOW LOW 40.9 -22.1 39.3 -16.9 1.39 638 1.6 -5.1 99 7.3 -7.5 
1a EW MUNICH HIGH LOW 39.2 -26.6 37.6 -20.0 0.80 738 2.2 -7.4 95 7.0 -8.1 
1a EW MUNICH LOW HIGH 58.5 -17.5 56.0 -14.2 1.85 532 1.4 -3.8 96 7.8 -7.8 
1a EW MUNICH HIGH HIGH 56.6 -21.6 54.2 -17.2 1.07 637 2.0 -6.0 96 8.4 -7.9 
1a EW LISBOA LOW LOW 8.2 -37.6 8.1 -24.5 0.60 521 1.0 -2.2 97 5.2 -4.7 
1a EW LISBOA HIGH LOW 7.8 -42.6 7.7 -27.3 0.43 607 1.3 -3.1 90 4.8 -4.9 
1a EW LISBOA LOW HIGH 12.4 -33.7 12.3 -23.6 0.61 475 0.9 -1.9 104 6.9 -4.4 
1a EW LISBOA HIGH HIGH 11.9 -38.5 11.8 -26.4 0.44 587 1.3 -2.9 97 6.6 -4.4 
1b NS PARIS LOW LOW 45.5 -20.3 43.8 -15.2 1.32 376 1.0 -2.0 129 11.6 -9.4 
1b NS PARIS HIGH LOW 43.6 -23.4 42.0 -17.2 1.24 484 1.5 -3.0 120 11.5 -9.2 
1b NS PARIS LOW HIGH 58.6 -17.6 55.8 -13.9 1.51 337 1.2 -1.6 123 12.8 -8.9 
1b NS PARIS HIGH HIGH 56.4 -20.5 53.9 -15.9 1.42 417 1.6 -2.6 120 12.7 -9.4 
1b NS TORINO LOW LOW 40.1 -33.5 39.8 -23.5 1.27 511 1.9 -3.0 126 12.7 -10.8 
1b NS TORINO HIGH LOW 38.0 -38.0 37.7 -26.0 1.15 594 2.5 -4.3 126 13.3 -11.8 
1b NS TORINO LOW HIGH 51.7 -30.6 51.0 -22.8 1.42 475 2.2 -2.7 124 15.1 -10.3 
1b NS TORINO HIGH HIGH 49.4 -35.0 48.8 -25.3 1.34 576 2.9 -4.0 119 14.7 -10.9 
1b NS ATHENES LOW LOW 15.0 -55.2 15.0 -36.4 0.69 375 1.0 -2.0 125 10.6 -8.4 
1b NS ATHENES HIGH LOW 13.9 -60.5 13.9 -39.1 0.54 455 1.3 -2.9 124 10.3 -9.1 
1b NS ATHENES LOW HIGH 20.3 -53.7 20.3 -37.4 0.84 355 1.1 -1.9 128 13.3 -8.7 
1b NS ATHENES HIGH HIGH 19.1 -59.0 19.1 -40.1 0.66 443 1.6 -2.8 125 13.0 -9.3 
1b NS MUNICH LOW LOW 52.3 -22.5 49.9 -15.4 1.78 705 3.2 -4.9 135 13.5 -11.7 
1b NS MUNICH HIGH LOW 50.0 -26.7 47.8 -18.0 1.37 842 4.3 -7.1 131 13.7 -12.6 
1b NS MUNICH LOW HIGH 69.3 -18.6 65.6 -13.6 2.13 628 3.1 -4.2 128 13.6 -11.1 
1b NS MUNICH HIGH HIGH 66.7 -22.5 63.2 -16.1 1.76 746 4.4 -6.3 127 13.2 -13.1 
1b NS LISBOA LOW LOW 13.0 -30.1 12.9 -18.5 0.83 391 1.0 -2.0 128 7.6 -6.5 
1b NS LISBOA HIGH LOW 12.4 -33.2 12.3 -19.9 0.67 468 1.3 -2.7 122 7.6 -6.9  
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LOW LOADS – 21/24 °C SETPOINT TEMPERATURES 
1b NS LISBOA LOW HIGH 18.2 -27.2 18.0 -17.9 0.99 406 1.3 -2.1 125 8.8 -6.5 
1b NS LISBOA HIGH HIGH 17.6 -30.1 17.4 -19.3 0.82 516 1.7 -2.9 111 8.4 -6.4 
1b EW PARIS LOW LOW 45.5 -21.9 43.8 -16.8 1.33 340 0.7 -1.8 119 11.3 -8.2 
1b EW PARIS HIGH LOW 43.6 -25.6 42.1 -19.4 1.25 460 1.3 -3.0 112 11.4 -7.6 
1b EW PARIS LOW HIGH 58.6 -19.1 56.0 -15.5 1.51 323 0.9 -1.4 114 12.7 -7.7 
1b EW PARIS HIGH HIGH 56.5 -22.7 54.1 -18.0 1.42 415 1.4 -2.6 110 13.1 -8.0 
1b EW TORINO LOW LOW 40.4 -35.2 40.1 -25.8 1.17 371 0.9 -1.8 118 13.2 -9.0 
1b EW TORINO HIGH LOW 38.4 -40.3 38.0 -29.1 0.96 453 1.2 -2.7 112 13.1 -9.1 
1b EW TORINO LOW HIGH 52.2 -32.5 51.5 -25.1 1.32 374 1.0 -1.7 113 14.9 -8.4 
1b EW TORINO HIGH HIGH 49.9 -37.4 49.3 -28.4 1.17 449 1.4 -2.7 108 14.4 -9.0 
1b EW ATHENES LOW LOW 14.9 -59.1 14.9 -40.4 0.62 258 0.5 -1.1 119 10.2 -6.8 
1b EW ATHENES HIGH LOW 13.8 -65.7 13.8 -44.1 0.46 313 0.7 -1.9 117 10.2 -7.1 
1b EW ATHENES LOW HIGH 20.3 -57.8 20.3 -41.3 0.76 256 0.6 -1.1 113 12.3 -6.4 
1b EW ATHENES HIGH HIGH 19.1 -64.3 19.1 -45.1 0.57 326 0.9 -1.9 110 12.2 -6.4 
1b EW MUNICH LOW LOW 52.6 -24.3 50.4 -17.5 1.65 653 2.4 -4.7 113 11.8 -9.2 
1b EW MUNICH HIGH LOW 50.5 -29.3 48.3 -20.8 1.01 768 3.2 -7.1 106 11.5 -9.5 
1b EW MUNICH LOW HIGH 69.7 -20.5 66.1 -15.6 1.99 601 2.5 -4.1 114 13.2 -9.4 
1b EW MUNICH HIGH HIGH 67.3 -25.2 63.8 -18.9 1.29 711 3.4 -6.5 110 13.2 -10.3 
1b EW LISBOA LOW LOW 12.6 -35.3 12.5 -22.8 0.66 355 0.7 -1.2 106 7.1 -5.1 
1b EW LISBOA HIGH LOW 12.0 -40.5 11.9 -25.8 0.48 472 1.2 -2.0 97 6.7 -5.4 
1b EW LISBOA LOW HIGH 17.8 -32.4 17.6 -22.2 0.81 389 0.8 -1.4 104 8.6 -5.0 
1b EW LISBOA HIGH HIGH 17.1 -37.5 16.9 -25.2 0.59 503 1.4 -2.4 97 8.2 -5.2 
1c NS PARIS LOW LOW 61.6 -20.5 59.3 -16.2 1.25 222 0.6 -0.7 131 14.7 -9.8 
1c NS PARIS HIGH LOW 56.9 -24.7 55.3 -19.2 1.14 217 0.5 -0.5 121 13.3 -9.6 
1c NS PARIS LOW HIGH 74.9 -18.2 71.7 -14.9 1.40 189 0.6 -0.5 124 15.0 -9.3 
1c NS PARIS HIGH HIGH 69.9 -22.0 67.5 -17.7 1.28 178 0.5 -0.4 120 13.8 -9.6 
1c NS TORINO LOW LOW 52.3 -35.6 51.9 -26.5 1.22 343 1.2 -1.2 127 15.8 -10.9 
1c NS TORINO HIGH LOW 47.2 -42.0 46.9 -30.6 1.12 275 0.9 -1.0 129 15.7 -12.1 
1c NS TORINO LOW HIGH 64.1 -32.9 63.5 -25.6 1.35 304 1.2 -1.0 128 18.0 -10.7 
1c NS TORINO HIGH HIGH 58.6 -38.9 58.1 -29.6 1.25 279 1.1 -1.0 119 15.9 -11.1 
1c NS ATHENES LOW LOW 19.8 -61.0 19.8 -42.2 0.79 204 0.5 -0.5 128 13.3 -8.9 
1c NS ATHENES HIGH LOW 16.8 -69.3 16.8 -46.9 0.67 156 0.3 -0.3 126 12.4 -9.4 
1c NS ATHENES LOW HIGH 25.1 -59.8 25.1 -43.1 0.87 183 0.5 -0.5 126 15.0 -8.8 
1c NS ATHENES HIGH HIGH 21.9 -67.7 21.9 -47.7 0.78 148 0.4 -0.3 126 14.0 -9.7 
1c NS MUNICH LOW LOW 66.3 -22.4 64.0 -16.4 1.58 429 1.7 -1.6 143 15.7 -12.7 
1c NS MUNICH HIGH LOW 60.3 -27.8 58.8 -20.1 1.38 395 1.6 -1.3 129 13.8 -11.9 
1c NS MUNICH LOW HIGH 83.6 -18.8 80.1 -14.4 1.86 379 1.5 -1.3 129 14.1 -11.2 
1c NS MUNICH HIGH HIGH 77.0 -23.6 74.5 -17.8 1.64 350 1.6 -1.2 126 12.5 -12.7 
1c NS LISBOA LOW LOW 17.9 -29.2 17.7 -19.7 0.88 330 0.8 -1.0 131 10.2 -6.2 
1c NS LISBOA HIGH LOW 15.9 -33.6 15.7 -22.0 0.80 291 0.6 -0.8 124 9.1 -6.7 
1c NS LISBOA LOW HIGH 23.2 -26.8 22.8 -19.0 1.01 308 0.8 -0.9 127 11.0 -6.2 
1c NS LISBOA HIGH HIGH 20.9 -30.8 20.7 -21.3 0.91 319 0.7 -1.0 116 9.9 -6.4 
1c EW PARIS LOW LOW 61.8 -22.8 59.7 -18.3 1.25 227 0.5 -1.1 120 14.7 -8.6 
1c EW PARIS HIGH LOW 57.2 -27.5 55.9 -21.8 1.14 206 0.5 -0.8 112 13.9 -7.9 
1c EW PARIS LOW HIGH 75.1 -20.4 72.1 -16.9 1.40 206 0.6 -0.9 114 14.7 -8.1 
1c EW PARIS HIGH HIGH 70.1 -24.7 68.1 -20.2 1.28 177 0.5 -0.7 109 13.7 -8.5 
1c EW TORINO LOW LOW 53.7 -38.7 53.3 -29.5 1.10 239 0.7 -1.1 119 17.1 -9.1 
1c EW TORINO HIGH LOW 48.9 -45.6 48.7 -34.4 1.00 214 0.6 -0.8 113 15.8 -9.2 
1c EW TORINO LOW HIGH 65.6 -36.1 64.9 -28.6 1.23 231 0.7 -0.9 117 18.4 -9.0 
1c EW TORINO HIGH HIGH 60.5 -42.6 60.1 -33.4 1.12 195 0.6 -0.8 110 16.5 -9.1 
1c EW ATHENES LOW LOW 20.3 -66.9 20.3 -47.3 0.73 171 0.3 -0.7 119 13.1 -7.1 
1c EW ATHENES HIGH LOW 17.4 -76.4 17.4 -53.3 0.57 107 0.2 -0.4 115 12.4 -7.0 
1c EW ATHENES LOW HIGH 25.6 -65.7 25.6 -48.2 0.81 143 0.3 -0.5 114 14.8 -6.9 
1c EW ATHENES HIGH HIGH 22.6 -74.9 22.6 -54.1 0.68 126 0.2 -0.5 107 13.4 -6.1 
1c EW MUNICH LOW LOW 67.4 -25.8 65.2 -19.3 1.44 426 1.5 -2.6 112 13.1 -9.6 
1c EW MUNICH HIGH LOW 61.9 -32.1 60.6 -23.8 1.22 374 1.2 -2.2 103 12.2 -8.7 
1c EW MUNICH LOW HIGH 84.7 -22.1 81.4 -17.2 1.70 390 1.5 -2.3 115 14.4 -10.1 
1c EW MUNICH HIGH HIGH 78.7 -27.8 76.4 -21.4 1.48 366 1.3 -2.1 104 12.4 -9.1 
1c EW LISBOA LOW LOW 17.3 -34.9 17.2 -24.4 0.85 266 0.6 -0.7 107 9.3 -4.5 
1c EW LISBOA HIGH LOW 15.1 -41.2 15.1 -28.5 0.64 230 0.5 -0.6 97 8.0 -4.8 
1c EW LISBOA LOW HIGH 22.5 -32.3 22.3 -23.6 0.96 258 0.5 -0.8 107 10.7 -4.4 
1c EW LISBOA HIGH HIGH 20.1 -38.1 20.0 -27.5 0.74 244 0.5 -0.8 97 9.2 -4.5 
"2" NS PARIS LOW LOW 44.6 -13.4 43.1 -11.6 1.72 230 0.4 -0.7 85 5.3 -3.6 
"2" NS PARIS HIGH LOW 43.4 -15.2 41.9 -12.9 1.65 310 0.7 -1.1 85 6.0 -3.5 
"2" NS PARIS LOW HIGH 58.1 -11.5 55.6 -10.4 1.93 196 0.4 -0.5 82 5.9 -3.6 
"2" NS PARIS HIGH HIGH 56.7 -13.1 54.3 -11.6 1.85 266 0.6 -0.9 81 6.3 -3.8 
"2" NS TORINO LOW LOW 36.3 -24.5 36.0 -19.9 1.42 325 0.8 -0.9 89 7.3 -3.3 
"2" NS TORINO HIGH LOW 34.9 -27.2 34.6 -21.6 1.32 417 1.2 -1.5 89 7.8 -3.8 
"2" NS TORINO LOW HIGH 48.2 -22.4 47.7 -19.1 1.60 251 0.5 -0.7 86 6.9 -4.2 
"2" NS TORINO HIGH HIGH 46.7 -24.9 46.1 -20.8 1.49 346 1.0 -1.3 85 7.9 -4.2  
"2" NS ATHENES LOW LOW 14.8 -44.4 14.8 -32.7 0.80 230 0.4 -0.7 80 4.5 -3.1 
"2" NS ATHENES HIGH LOW 14.0 -47.7 14.0 -34.4 0.67 306 0.7 -1.1 84 6.0 -3.2 
"2" NS ATHENES LOW HIGH 20.4 -43.8 20.4 -33.6 0.92 190 0.4 -0.5 72 4.6 -3.1 
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LOW LOADS – 21/24 °C SETPOINT TEMPERATURES 
"2" NS ATHENES HIGH HIGH 19.5 -46.9 19.5 -35.4 0.83 258 0.7 -0.9 73 4.9 -3.4 
"2" NS MUNICH LOW LOW 51.5 -13.5 49.2 -10.9 2.24 486 1.5 -2.0 98 7.5 -4.4 
"2" NS MUNICH HIGH LOW 50.0 -15.8 47.8 -12.6 2.03 614 2.3 -3.0 97 7.7 -5.1 
"2" NS MUNICH LOW HIGH 69.1 -10.6 65.6 -9.2 2.67 386 1.2 -1.4 91 7.1 -4.0 
"2" NS MUNICH HIGH HIGH 67.4 -12.7 64.0 -10.7 2.42 487 1.8 -2.3 92 7.4 -4.8 
"2" NS LISBOA LOW LOW 12.1 -24.6 12.0 -17.3 0.90 378 0.8 -0.9 106 5.7 -3.0 
"2" NS LISBOA HIGH LOW 11.7 -26.5 11.6 -18.3 0.80 452 1.1 -1.3 100 5.7 -3.1 
"2" NS LISBOA LOW HIGH 17.3 -22.0 17.1 -16.7 1.04 306 0.6 -0.7 104 6.8 -2.7 
"2" NS LISBOA HIGH HIGH 16.8 -23.8 16.6 -17.6 0.99 397 0.9 -1.1 94 6.7 -2.4 
"2" EW PARIS LOW LOW 44.8 -14.6 43.3 -12.6 1.71 247 0.5 -0.8 73 4.7 -2.8 
"2" EW PARIS HIGH LOW 43.5 -16.9 42.1 -14.4 1.53 331 0.9 -1.5 70 4.8 -2.7 
"2" EW PARIS LOW HIGH 58.3 -12.7 55.8 -11.4 1.91 213 0.5 -0.6 78 6.0 -3.4 
"2" EW PARIS HIGH HIGH 56.9 -14.8 54.5 -13.1 1.83 282 0.8 -1.2 74 5.9 -3.5 
"2" EW TORINO LOW LOW 36.8 -26.1 36.5 -21.4 1.33 240 0.5 -0.8 74 5.6 -2.5 
"2" EW TORINO HIGH LOW 35.5 -29.3 35.2 -23.7 1.19 309 0.7 -1.3 75 6.2 -2.8 
"2" EW TORINO LOW HIGH 48.9 -24.0 48.3 -20.7 1.50 207 0.4 -0.7 79 6.8 -3.5 
"2" EW TORINO HIGH HIGH 47.4 -27.1 46.9 -22.9 1.39 269 0.6 -1.2 75 7.0 -3.3 
"2" EW ATHENES LOW LOW 14.9 -47.3 14.9 -35.2 0.74 162 0.3 -0.5 77 4.5 -2.5 
"2" EW ATHENES HIGH LOW 14.1 -51.4 14.1 -37.7 0.60 213 0.5 -0.9 78 5.5 -2.5 
"2" EW ATHENES LOW HIGH 20.6 -46.7 20.6 -36.1 0.88 151 0.3 -0.4 61 3.5 -2.4 
"2" EW ATHENES HIGH HIGH 19.7 -50.7 19.7 -38.6 0.73 207 0.6 -0.8 64 4.2 -2.5 
"2" EW MUNICH LOW LOW 51.9 -15.0 49.7 -12.2 2.07 472 1.5 -2.3 78 5.9 -3.2 
"2" EW MUNICH HIGH LOW 50.5 -17.9 48.3 -14.4 1.68 568 2.1 -3.5 78 6.5 -3.8 
"2" EW MUNICH LOW HIGH 69.6 -12.0 66.2 -10.4 2.47 384 1.2 -1.7 84 7.5 -3.8 
"2" EW MUNICH HIGH HIGH 68.0 -14.7 64.6 -12.4 2.19 489 2.0 -2.9 76 7.5 -3.5 
"2" EW LISBOA LOW LOW 11.9 -28.2 11.8 -20.2 0.75 380 0.8 -0.8 92 5.9 -2.1 
"2" EW LISBOA HIGH LOW 11.5 -31.6 11.4 -22.1 0.59 495 1.3 -1.4 83 5.6 -2.2 
"2" EW LISBOA LOW HIGH 17.1 -25.7 16.9 -19.5 0.94 318 0.7 -0.8 82 6.0 -2.0 
"2" EW LISBOA HIGH HIGH 16.6 -28.9 16.4 -21.5 0.73 435 1.2 -1.4 81 6.5 -2.0 
"3" NS PARIS LOW LOW 73.1 -15.8 70.6 -13.9 1.67 116 0.2 -0.2 104 10.2 -5.4 
"3" NS PARIS HIGH LOW 68.7 -19.0 66.9 -16.4 1.54 106 0.2 -0.2 99 9.0 -5.4 
"3" NS PARIS LOW HIGH 85.8 -14.3 82.4 -12.8 1.81 97 0.2 -0.2 95 9.2 -5.5 
"3" NS PARIS HIGH HIGH 81.2 -17.2 78.6 -15.2 1.68 99 0.2 -0.2 95 9.7 -5.4 
"3" NS TORINO LOW LOW 51.3 -31.7 51.0 -25.9 1.24 233 0.5 -0.4 105 11.1 -5.7 
"3" NS TORINO HIGH LOW 46.5 -37.0 46.4 -29.7 1.13 211 0.5 -0.4 108 11.2 -6.0 
"3" NS TORINO LOW HIGH 62.5 -29.6 62.0 -25.1 1.38 174 0.4 -0.3 104 11.2 -6.1 
"3" NS TORINO HIGH HIGH 57.4 -34.6 57.1 -28.7 1.26 184 0.5 -0.3 101 10.9 -6.2 
"3" NS ATHENES LOW LOW 24.5 -57.0 24.5 -43.1 0.93 113 0.2 -0.2 101 9.5 -4.7 
"3" NS ATHENES HIGH LOW 21.5 -63.6 21.5 -47.1 0.81 77 0.1 -0.1 103 9.2 -5.1 
"3" NS ATHENES LOW HIGH 29.8 -56.5 29.8 -43.9 0.99 83 0.1 -0.1 91 8.5 -5.1 
"3" NS ATHENES HIGH HIGH 26.6 -62.9 26.6 -47.9 0.91 69 0.1 -0.1 92 8.6 -5.2 
"3" NS MUNICH LOW LOW 72.5 -16.8 70.3 -13.8 1.92 322 0.7 -0.9 109 9.2 -6.2 
"3" NS MUNICH HIGH LOW 67.0 -21.0 65.5 -16.9 1.67 288 0.7 -0.7 104 8.4 -6.5 
"3" NS MUNICH LOW HIGH 88.9 -14.1 85.6 -12.0 2.20 240 0.6 -0.6 105 9.1 -6.2 
"3" NS MUNICH HIGH HIGH 83.0 -17.9 80.7 -14.9 1.92 272 0.8 -0.5 101 8.1 -6.6 
"3" NS LISBOA LOW LOW 20.1 -26.1 19.9 -19.9 1.05 226 0.4 -0.4 115 8.4 -3.1 
"3" NS LISBOA HIGH LOW 18.1 -29.6 18.0 -21.9 0.89 223 0.4 -0.4 107 7.5 -3.0 
"3" NS LISBOA LOW HIGH 25.2 -24.3 24.9 -19.2 1.15 190 0.4 -0.3 110 8.6 -3.2 
"3" NS LISBOA HIGH HIGH 23.1 -27.5 22.8 -21.2 1.03 204 0.4 -0.4 105 8.0 -3.1 
"3" EW PARIS LOW LOW 73.2 -17.8 71.0 -15.6 1.65 134 0.2 -0.5 90 8.0 -5.2 
"3" EW PARIS HIGH LOW 68.9 -21.7 67.4 -18.7 1.42 111 0.2 -0.4 89 8.3 -4.9 
"3" EW PARIS LOW HIGH 85.8 -16.1 82.7 -14.4 1.80 122 0.3 -0.5 91 8.8 -5.2 
"3" EW PARIS HIGH HIGH 81.3 -19.7 79.0 -17.4 1.59 93 0.2 -0.3 83 7.6 -5.1 
"3" EW TORINO LOW LOW 52.4 -34.7 52.2 -28.6 1.14 166 0.3 -0.6 97 10.2 -5.4 
"3" EW TORINO HIGH LOW 48.2 -40.9 48.1 -33.2 1.02 143 0.2 -0.4 95 10.2 -4.8 
"3" EW TORINO LOW HIGH 63.6 -32.7 63.1 -27.7 1.27 141 0.3 -0.5 93 11.0 -5.1 
"3" EW TORINO HIGH HIGH 59.2 -38.5 58.9 -32.2 1.14 120 0.2 -0.4 89 9.7 -5.5 
"3" EW ATHENES LOW LOW 24.9 -62.1 24.9 -47.4 0.85 85 0.1 -0.3 94 8.9 -4.3 
"3" EW ATHENES HIGH LOW 22.1 -70.2 22.1 -52.8 0.73 58 0.1 -0.2 90 9.2 -3.7 
"3" EW ATHENES LOW HIGH 30.2 -61.7 30.2 -48.2 0.91 71 0.1 -0.2 86 8.6 -4.4 
"3" EW ATHENES HIGH HIGH 27.3 -69.6 27.3 -53.5 0.82 70 0.1 -0.2 81 8.6 -3.7 
"3" EW MUNICH LOW LOW 73.3 -19.8 71.3 -16.1 1.73 315 0.8 -1.5 96 9.0 -5.8 
"3" EW MUNICH HIGH LOW 68.3 -25.1 67.0 -20.1 1.49 272 0.7 -1.3 87 8.2 -5.1 
"3" EW MUNICH LOW HIGH 89.6 -16.9 86.5 -14.3 1.99 277 0.8 -1.3 92 8.5 -6.1 
"3" EW MUNICH HIGH HIGH 84.2 -21.7 82.1 -18.0 1.71 268 0.7 -1.2 88 8.3 -5.8 
"3" EW LISBOA LOW LOW 19.5 -31.1 19.4 -24.0 0.92 161 0.2 -0.3 99 8.1 -2.3 
"3" EW LISBOA HIGH LOW 17.4 -36.8 17.4 -27.8 0.78 149 0.3 -0.2 95 7.5 -2.3 
"3" EW LISBOA LOW HIGH 24.5 -29.1 24.4 -23.3 1.01 150 0.2 -0.3 94 8.3 -2.1  
"3" EW LISBOA HIGH HIGH 22.2 -34.4 22.2 -26.9 0.89 145 0.3 -0.2 90 7.9 -2.3 
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Table 40: Results for low load buildings with set point temperatures of 20/25°C 
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LOW LOADS 20/25°C SETPOINT TEMPERATURES  
1a NS PARIS LOW LOW 29.4 -16.0 28.7 -13.4 1.18 148 0.2 -0.6 100 3.9 -6.7 
1a NS PARIS HIGH LOW 28.1 -18.7 27.4 -15.3 0.97 226 0.3 -1.1 102 4.4 -7.0 
1a NS PARIS LOW HIGH 41.3 -12.9 40.1 -11.4 1.41 105 0.1 -0.3 92 4.0 -6.0 
1a NS PARIS HIGH HIGH 39.8 -15.3 38.6 -13.2 1.26 182 0.3 -0.7 95 4.7 -6.2 
1a NS TORINO LOW LOW 26.1 -27.2 26.0 -21.4 1.12 204 0.3 -0.8 115 7.6 -7.5 
1a NS TORINO HIGH LOW 24.5 -31.1 24.4 -23.8 0.82 290 0.5 -1.5 115 8.2 -7.9 
1a NS TORINO LOW HIGH 36.8 -23.8 36.6 -20.0 1.31 135 0.2 -0.5 99 5.7 -7.1 
1a NS TORINO HIGH HIGH 35.0 -27.4 34.8 -22.4 1.06 212 0.4 -1.1 104 7.4 -7.5 
1a NS ATHENES LOW LOW 7.9 -48.3 7.9 -33.7 0.50 167 0.2 -0.7 100 3.9 -5.7 
1a NS ATHENES HIGH LOW 7.1 -53.2 7.1 -36.3 0.32 226 0.3 -1.2 103 4.0 -6.6 
1a NS ATHENES LOW HIGH 11.9 -46.2 11.9 -34.3 0.56 116 0.1 -0.5 85 3.2 -5.7 
1a NS ATHENES HIGH HIGH 11.0 -50.8 11.0 -36.9 0.44 172 0.3 -0.9 95 4.5 -6.3 
1a NS MUNICH LOW LOW 36.1 -17.2 34.9 -13.3 1.65 418 0.8 -2.4 114 5.8 -8.8 
1a NS MUNICH HIGH LOW 34.5 -20.7 33.3 -15.7 1.08 535 1.3 -3.9 113 6.3 -9.6 
1a NS MUNICH LOW HIGH 52.3 -12.6 50.4 -10.6 2.08 277 0.5 -1.4 108 5.6 -7.9 
1a NS MUNICH HIGH HIGH 50.4 -15.7 48.5 -12.8 1.49 385 0.9 -2.6 110 6.3 -8.9 
1a NS LISBOA LOW LOW 6.2 -27.8 6.2 -18.4 0.72 245 0.4 -0.9 120 3.9 -5.4 
1a NS LISBOA HIGH LOW 6.0 -30.6 5.9 -19.8 0.58 309 0.5 -1.4 117 3.8 -6.1 
1a NS LISBOA LOW HIGH 9.4 -23.7 9.4 -17.2 0.75 157 0.2 -0.5 116 4.6 -4.7 
1a NS LISBOA HIGH HIGH 9.1 -26.3 9.0 -18.5 0.60 232 0.4 -0.9 109 4.8 -4.6 
1a EW PARIS LOW LOW 29.5 -17.5 28.8 -14.7 1.18 166 0.2 -0.7 89 3.1 -5.7 
1a EW PARIS HIGH LOW 28.3 -20.9 27.6 -17.3 0.89 275 0.5 -1.5 81 3.4 -5.1 
1a EW PARIS LOW HIGH 41.4 -14.3 40.2 -12.7 1.40 141 0.2 -0.5 81 3.4 -5.4 
1a EW PARIS HIGH HIGH 39.9 -17.4 38.8 -15.0 1.13 206 0.4 -1.1 77 3.5 -5.3 
1a EW TORINO LOW LOW 26.6 -29.2 26.5 -23.4 1.04 146 0.2 -0.6 87 3.8 -5.6 
1a EW TORINO HIGH LOW 25.2 -33.7 25.1 -26.5 0.69 202 0.3 -1.0 85 4.6 -5.4 
1a EW TORINO LOW HIGH 37.4 -25.9 37.2 -22.0 1.23 119 0.1 -0.4 86 4.3 -5.9 
1a EW TORINO HIGH HIGH 35.8 -30.1 35.5 -25.1 0.88 165 0.2 -0.9 83 4.6 -5.7 
1a EW ATHENES LOW LOW 7.9 -51.9 7.9 -37.0 0.47 111 0.1 -0.4 92 3.5 -4.8 
1a EW ATHENES HIGH LOW 7.2 -57.9 7.2 -40.6 0.32 155 0.2 -0.9 90 3.4 -5.1 
1a EW ATHENES LOW HIGH 12.0 -49.9 12.0 -37.7 0.52 86 0.1 -0.3 73 2.4 -4.3 
1a EW ATHENES HIGH HIGH 11.1 -55.7 11.1 -41.2 0.39 137 0.2 -0.7 76 3.1 -4.3 
1a EW MUNICH LOW LOW 36.6 -19.0 35.4 -15.0 1.49 405 0.8 -2.7 91 4.3 -6.9 
1a EW MUNICH HIGH LOW 35.2 -23.4 34.0 -18.1 0.81 511 1.2 -4.4 90 5.0 -7.1 
1a EW MUNICH LOW HIGH 52.9 -14.4 51.0 -12.1 1.93 298 0.6 -1.7 94 5.0 -7.0 
1a EW MUNICH HIGH HIGH 51.1 -18.3 49.2 -15.1 1.10 417 1.1 -3.2 89 5.2 -7.1 
1a EW LISBOA LOW LOW 6.0 -32.4 6.0 -22.1 0.55 262 0.4 -0.7 95 3.5 -3.9 
1a EW LISBOA HIGH LOW 5.8 -37.3 5.8 -24.8 0.38 343 0.6 -1.3 88 3.4 -3.9 
1a EW LISBOA LOW HIGH 9.2 -28.3 9.2 -20.8 0.58 159 0.2 -0.4 101 4.6 -3.7 
1a EW LISBOA HIGH HIGH 8.9 -32.9 8.8 -23.6 0.39 268 0.5 -0.9 97 4.6 -3.7 
1b NS PARIS LOW LOW 40.0 -16.3 38.9 -13.1 1.31 155 0.3 -0.6 112 7.2 -6.9 
1b NS PARIS HIGH LOW 38.2 -19.3 37.2 -15.0 1.22 223 0.6 -1.1 114 7.8 -7.7 
1b NS PARIS LOW HIGH 51.8 -13.9 50.0 -11.6 1.52 140 0.3 -0.6 105 7.8 -6.8 
1b NS PARIS HIGH HIGH 49.8 -16.6 48.2 -13.5 1.42 208 0.6 -1.1 110 8.7 -7.5 
1b NS TORINO LOW LOW 35.2 -28.4 35.0 -21.2 1.23 264 0.8 -1.3 125 11.5 -8.3 
1b NS TORINO HIGH LOW 33.2 -32.8 33.0 -23.7 1.15 344 1.2 -2.1 125 11.4 -9.7 
1b NS TORINO LOW HIGH 45.8 -25.6 45.4 -20.2 1.40 246 0.9 -1.1 116 11.0 -8.1 
1b NS TORINO HIGH HIGH 43.6 -29.7 43.3 -22.7 1.32 343 1.4 -1.9 115 11.6 -9.1 
1b NS ATHENES LOW LOW 11.8 -48.8 11.8 -33.7 0.68 165 0.3 -0.8 108 6.4 -6.2 
1b NS ATHENES HIGH LOW 10.8 -54.1 10.8 -36.4 0.52 225 0.5 -1.3 118 7.4 -7.3 
1b NS ATHENES LOW HIGH 16.3 -47.2 16.3 -34.3 0.83 155 0.4 -0.7 102 7.5 -6.3 
1b NS ATHENES HIGH HIGH 15.2 -52.3 15.2 -36.9 0.65 216 0.6 -1.2 108 7.9 -7.2 
1b NS MUNICH LOW LOW 47.2 -18.7 45.5 -13.6 1.86 425 1.5 -2.6 132 9.9 -10.7 
1b NS MUNICH HIGH LOW 45.1 -22.8 43.4 -16.2 1.41 563 2.4 -4.2 125 9.9 -11.6 
1b NS MUNICH LOW HIGH 63.0 -15.0 60.3 -11.6 2.27 356 1.4 -2.0 120 10.2 -9.0 
1b NS MUNICH HIGH HIGH 60.6 -18.7 58.0 -14.1 1.85 475 2.2 -3.5 122 10.8 -10.8 
1b NS LISBOA LOW LOW 9.8 -24.9 9.8 -16.2 0.84 181 0.4 -0.9 111 5.4 -4.8 
1b NS LISBOA HIGH LOW 9.4 -27.8 9.3 -17.6 0.67 235 0.6 -1.3 108 5.3 -5.3 
1b NS LISBOA LOW HIGH 14.0 -21.9 13.9 -15.3 0.96 169 0.4 -0.8 113 6.6 -4.5  

 



LOW LOADS 20/25°C SETPOINT TEMPERATURES 
1b NS LISBOA HIGH HIGH 13.5 -24.7 13.4 -16.7 0.83 223 0.7 -1.2 118 6.9 -5.5 
1b EW PARIS LOW LOW 40.0 -17.9 39.0 -14.6 1.31 132 0.2 -0.5 101 6.9 -6.4 
1b EW PAR LOW 38.3 -17.2 0 103  IS HIGH  -21.6 37.3  1.20 216 .5 -1.2 7.4 -6.5
1b EW PARIS LOW HIGH 51.9 -13.1 0.3 99 .3 -15.5 50.1 1.52 129  -0.5 7.6 -6
1b EW PARIS HIGH HIGH 50.0 9 -15.6 -1.1 98 9   -18. 48.3  1.41 214 0.6  7. -6.7
1b TORINO L LOW 35.6 3 -23.5 - 106 6   EW OW   -30. 35.5  1.13 134 0.2 0.5  8. -6.9
1b EW TO O H  LOW 33.7 3 -26.8 - 106 4  RIN IGH  -35. 33.5  0.97 201 0.4 0.9  9. -7.3
1b EW TO O L HIG 46.4 7 -22.5 - 105 5  RIN OW H  -27. 46.0  1.30 123 0.2 0.4  9. -7.3
1b EW TO O H  HIGH 44.2 4 -25.8 - 106 .5  RIN IGH  -32. 43.9  1.19 197 0.4 0.9  10 -7.6
1b ATHENES L LOW 11.8 0 -37.7 - 103 6   EW OW   -53. 11.8  0.60 79 0.1 0.3  6. -5.1
1b EW ATHENES HIGH LOW 10.7 4 -41.5 - 100 5   -59. 10.7  0.44 144 0.3 0.7  6. -5.0
1b EW ES HIG  5 1 38.2 5 0 -0 95 .1  ATHEN LOW H 16.3 -51. 6.3 -  0.7 79 .1 .3 7 -5.2
1b EW ATHENES H HIGH  7 1 42.0 5 1 0 -0.7 94 .4  IGH 15.2 -57. 5.2 -  0.5 40 .3 7 -5.1
1b EW MUNICH LO  7 4 15.7 6 3 1.1 -2 109 .5  LOW W 47.7 -20. 6.0 -  1.6 98 .5 8 -8.5
1b EW MUNICH H LO  6 4 -19.0 2 5 1 -4.2 99 .3  IGH W 45.7 -25. 4.0  1.0 15 .7 8 -8.0
1b EW MUNICH HI 3.5 1 6 -13.6 3 3 1 -2 104 .5  LOW GH 6 -17. 0.9  2.0 44 .1 .0 9 -8.5
1b EW MUNICH H HIG  6 5 16.8 2 4 1 -3 104 .0  IGH H 61.3 -21. 8.7 -  1.3 66 .8 .7 10 -9.0
1b EW LISBOA LOW LO .5 0 0.4 6 1 0.2 -0.3 106 .5  W 9 -30. 9.5 -2  0.6 30 5 -4.5
1b EW LISBOA H LO .1 2 -23.4 7 2 0.5 -0.8 100 .3  IGH W 9 -35. 9.1  0.4 32 5 -4.7
1b EW LISBOA LOW HIGH  1 1 19.6 2 1 0.2 -0.3 110 .2  13.7 -27. 3.6 -  0.8 23 7 -4.3
1b EW LISBOA H HIG 3.2 1 1 -22.5 0.58 2 0 -0 105  IGH H 1 -32. 3.1 32 .6 .8 7.1 -4.8
1c NS PARIS LOW LO  .4 5 -13.6 2 0.1 -0.1 114 .8  W 54.8 -16 3.3 1.2 55 9 -7.0
1c NS PARIS HIGH LO  .2 4 -16.4 0 0.1 -0.1 112 .1  W 50.4 -20 9.4 1.1 33 9 -7.4
1c NS PARIS LOW HI 6.9 2 6 -12.2 1.38 0 -0 106 .5  GH 6 -14. 4.7 40 .1 .1 9 -6.6
1c NS PARIS HIGH HI 2.1 6 6 -14.8 1.25 0 -0 107 .4  GH 6 -17. 0.6 30 .1 .1 9 -7.2
1c NS TORINO LOW LO  0 4 -23.6 8 1 0.3 -0 133 .9  W 46.4 -30. 6.2  1.1 18 .3 14 -8.7
1c NS TORINO HIGH LO  0 4 -27.6 8 0.2 -0 125 .7  W 41.5 -36. 1.4  1.0 99 .3 13 -8.7
1c NS TORINO LOW HI  3 5 22.4 3 1 0.3 -0 116 .9  GH 57.2 -27. 6.8 -  1.3 09 .2 12 -7.9
1c NS TORINO HIGH HI  9 5 -26.3 2 0.3 -0 117 .8  GH 51.9 -32. 1.7  1.2 97 .3 12 -9.0
1c NS ATHENES LO  .9 1 -38.9 4 0. -0 111  LOW W 15.8 -53 5.8 0.7 48 1 .1 8.2 -6.3
1c NS ATHENES LO 3.1 9 1 -43.6 0.64 0. 0 115  HIGH W 1 -61. 3.1 15 0 .0 8.2 -6.7
1c NS ATHENES HI  .5 2 39.4 3 0 -0 104  LOW GH 20.3 -52 0.3 - 0.8 39 .1 .1 8.8 -6.0
1c NS ATHENES HI 7.4 0 1 -44.0 0.76 0 0 104  HIGH GH 1 -60. 7.4 19 .0 .0 8.5 -6.3
1c NS MUNICH LO  4 5 -14.1 5 1 0.5 -0 134 .9  LOW W 60.3 -18. 8.7  1.5 67 .5 10 -10.4
1c NS MUNICH LO  4 5 -17.6 6 1 0 -0 125 .0  HIGH W 54.5 -23. 3.6  1.3 51 .5 .4 10 -10.5
1c NS MUNICH HI  8 7 11.9 6 1 0.4 -0 122 .0  LOW GH 76.2 -14. 3.8 -  1.8 48 .4 11 -8.7
1c NS MUNICH HI  3 6 15.2 3 1 0 -0 120 .1  HIGH GH 70.0 -19. 8.4 -  1.6 26 .4 .3 10 -9.7
1c NS LISBOA LOW LO  9 1 -16.8 4 1 0.2 -0.2 124 .3  W 13.7 -23. 3.5  0.8 01 7 -4.8
1c NS LISBOA H LO  8 1 -19.1 5 0.1 -0.2 112 .2  IGH W 11.9 -27. 1.8  0.7 80 6 -4.8
1c NS LISBOA LOW HIGH  4 1 15.9 7 0.1 -0.2 120 .1  17.9 -21. 7.8 -  0.9 79 8 -4.3
1c NS LISBOA H HIGH  1 1 -18.0 7 0.1 -0.2 118 .8  IGH 16.0 -25. 5.9  0.8 68 7 -4.4
1c EW PARIS LOW LO  7 5 -15.7 2 0.1 -0.4 99 .5  W 55.1 -18. 3.8 1.2 75 8 -6.4
1c EW PARIS H LO  .1 5 -19.0 0 0.1 -0.2 100 .8  IGH W 50.9 -23 0.1 1.1 53 8 -6.0
1c EW PARIS LOW HIG 7.1 3 6 -14.1 1.39 0. -0 98  H 6 -16. 5.2 63 1 .3 8.7 -6.4
1c EW PARIS H HI 2.6 3 6 -17.2 1.26 0 -0 94 .3  IGH GH 6 -20. 1.3 51 .1 .2 8 -6.3
1c EW TORINO LOW LO  .2 4 -26.6 6 0.2 -0 111 .0  W 47.8 -33 7.6 1.0 81 .3 12 -7.4
1c EW TORINO H LO  8 4 -31.4 6 0.1 -0 102 .0  IGH W 43.4 -39. 3.3  0.9 68 .2 11 -6.3
1c EW TORINO LOW HIG  5 5 25.4 0 0.1 -0 103 .7  H 58.7 -30. 8.4 -  1.2 56 .2 10 -7.3
1c EW TORINO HIGH HI  7 5 -30.0 9 0.1 -0 104 .1  GH 54.0 -36. 3.8  1.0 50 .2 12 -6.9
1c EW ATHENES LO  9 1 -44.1 9 0 -0 104 .6  LOW W 16.3 -59. 6.3  0.6 44 .0 .2 8 -5.2
1c EW ATHENES LO  2 1 -50.0 5 0 0 96 .8  HIGH W 13.7 -69. 3.7  0.5 18 .0 .0 7 -4.7
1c EW ATHENES HIG  .5 2 44.5 8 0. -0 93  LOW H 20.9 -58 0.9 - 0.7 32 1 .1 8.5 -5.0
1c EW ATHENES HIG  .3 1 50.3 6 0. -0 89  HIGH H 18.1 -67 8.1 - 0.6 24 0 .1 8.3 -4.6
1c EW MUNICH LO  .9 6 17.0 1 1 0.6 -1 107  LOW W 61.5 -21 0.0 - 1.4 98 .1 9.3 -8.6
1c EW MUNICH LO  .8 5 -21.4 2 1 0 -0.9 99 .6  HIGH W 56.4 -27 5.5 1.2 46 .4 8 -7.5
1c EW MUNICH HIG 7.5 1 7 -14.7 9 1 0 -1 104 .2  LOW H 7 -18. 5.2  1.6 81 .5 .0 9 -8.8
1c EW MUNICH HIG  5 7 -18.7 7 1 0 -0.8 99 .3  HIGH H 71.9 -23. 0.4  1.4 60 .4 9 -8.0
1c EW LISBOA L LO  3 1 -21.5 2 0.1 -0.1 107 .8  OW W 13.3 -29. 3.3  0.8 64 6 -3.8
1c EW LISBOA LO  3 1 -25.4 2 0.1 -0.1 100 .1  HIGH W 11.5 -35. 1.5  0.6 64 6 -3.8
1c EW HIGH  7 1 20.4 2 0.1 -0.1 109 .6  LISBOA LOW 17.5 -26. 7.4 -  0.9 48 8 -3.5
1c EW HIGH  2 1 -24.1 3 0.1 -0.2 103 .6  LISBOA HIGH 15.5 -32. 5.5  0.7 58 7 -3.9
"2" NS PARIS LOW LO 9.1 6 3 -9.6 7 0 -0.1 67 .2  W 3 -10. 8.2 1.7 54 .1 2 -2.6
"2" NS PARIS H LO  2 3 -10.9 8 1 0 -0.2 68 .8  IGH W 38.0 -12. 7.1  1.6 05 .1 2 -2.7
"2" NS PARIS LOW HI 1.3  4 -8.2 3 0 -0 61 .1  GH 5 -8.8 9.7 2.0 29 .0 .1 2 -2.7
"2" NS PARIS H HIGH  3 4 -9.5 1.94 0 -0 67 .8  IGH 50.0 -10. 8.5 69 .1 .1 2 -2.9
"2" NS TORINO LOW LO  .8 3 -17.6 1 0.2 -0 75 .2  W 31.9 -20 1.8 1.4 98 .2 3 -3.2
"2" NS TORINO H LO 0.6 3 3 -19.3 0 1 0 -0.4 73 .5  IGH W 3 -23. 0.5  1.3 67 .3 3 -3.3
"2" NS TORINO LOW HI 2.8 6 4 -16.6 0 0 -0 76 .8  GH 4 -18. 2.5  1.6 59 .1 .1 3 -3.2
"2" NS TORINO H HIG  0 4 -18.3 9 1 0 -0.3 73 .8  IGH H 41.3 -21. 1.0  1.4 25 .2 3 -3.5
"2" NS ATHENES LO  2 1 -29.9 8 0 -0 64 .7  LOW W 11.8 -39. 1.8  0.7 67 .1 .1 1 -2.3  
"2" NS ATHENES 11. 2.4 -31 66 - 68 .2  HIGH LOW 1 -4 11.1 .7 0. 109 0.2 0.3 2 -2.7
"2" NS ATHENES H 16. 8.3 -30 90 - 60 .8  LOW IGH 5 -3 16.5 .4 0. 43 0.1 0.1 1 -2.5
"2" NS ATHENES H 15.6 1.3 -32.2 .82 - 60 .1  HIGH IGH -4 15.6 0 82 0.1 0.2 2 -2.7
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LOW LOADS 20  SET T TEMPERATU/25°C POIN RES 
"2" NS MUNICH LO .6 .9 4 -9.3 8 2 0 -0 86 .8  LOW W 46 -10 5.0 2.4 59 .6 .8 3 -3.6
"2" NS MUNICH H LO .2 .1 4 -10.9 0 3 0 -1 90 .5  IGH W 45 -13 3.5 2.2 46 .9 .4 4 -4.6
"2" NS MUNICH HI .0 2 6 -7.4 4 1 0 -0 85 .3  LOW GH 63 -8. 0.4 3.0 70 .3 .4 4 -3.6
"2" NS MUNICH H HIG .4 .2 5 -8.9 0 2 0 -0 87 .9  IGH H 61 -10 8.8 2.7 54 .6 .9 4 -4.2
"2" NS LISBOA LOW LO 2 .9 -14.9 8 1 0. -0 94 5  W 9. -19 9.1 0.8 06 2 .2 3. -1.9
"2" NS LISBOA H LO 9 .7 -15.8 0 1 0. -0 99 9  IGH W 8. -21 8.9 0.8 66 3 .4 3. -2.3
"2" NS LISBOA LOW HI 3.2 .4 1 -14.0 3 0. -0 83 4  GH 1 -17 3.1 1.0 61 1 .1 3. -1.6
"2" NS LISBOA H HIGH 2.8 .0 1 -14.9 1 1 0. -0 87 9  IGH 1 -19 2.8 1.0 02 2 .2 3. -1.9
"2" EW PARIS LOW LO 9.3 8 3 -10.6 5 0. -0 59 8  W 3 -11. 8.4 1.7 74 1 .2 1. -2.3
"2" EW PARIS HIGH LO .2 .9 3 -12.3 9 1 0 -0 60 .6  W 38 -13 7.3 1.5 36 .3 .5 2 -2.4
"2" EW PARIS LOW HI .5 9 4 -9.2 1 0 -0 57 .2  GH 51 -9. 9.9 2.0 69 .1 .1 2 -2.2
"2" EW PARIS HIGH HI .2 .9 4 -10.8 2 1 0 -0 61 .8  GH 50 -11 8.7 1.9 21 .3 .4 2 -2.5
"2" EW TORINO LOW LO 2.5 .4 3 -19.1 1 0. -0 63 5  W 3 -22 2.4 1.3 85 1 .2 2. -2.4
"2" EW TORINO HIGH LO .4 .5 3 -21.4 0 1 0 -0 64 .0  W 31 -25 1.2 1.2 26 .2 .4 3 -2.3
"2" EW TORINO LOW HI 3.4 .3 4 -18.1 0 0. -0 63 9  GH 4 -20 3.1 1.5 64 1 .1 2. -2.6
"2" EW TORINO HIGH HI .1 .2 4 -20.3 8 1 0 -0 66 .5  GH 42 -23 1.8 1.3 00 .2 .3 3 -2.9
"2" EW ATHENES LO 1.9 1 1 -32.4 3 0. -0 51 1  LOW W 1 -42. 1.9 0.7 46 1 .1 1. -1.8
"2" EW ATHENES LO 1.2 1 1 -34.9 9 0. -0 58 7  HIGH W 1 -46. 1.2 0.5 86 2 .2 1. -2.0
"2" EW ATHENES HI .6 .2 1 -32.9 0 0. 52 .3  LOW GH 16 -41 6.6 0.86 31 .0 0 1 -2.1
"2" EW ATHENES HI 5.8 .1 1 -35.5 2 0. -0 48 5  HIGH GH 1 -45 5.8 0.7 72 1 .2 1. -1.8
"2" EW MUNICH LO .1 .4 4 -10.5 6 2 0 -1 69 .1  LOW W 47 -12 5.5 2.2 68 .7 .0 3 -3.0
"2" EW H LO .8 .2 4 -12.7 5 3 1 -1 71 .1  MUNIC HIGH W 45 -15 4.2 1.7 57 .0 .8 4 -3.2
"2" EW MUNICH HI .5 5 6 -8.6 7 2 0 -0 73 .8  LOW GH 63 -9. 0.9 2.7 01 .5 .6 3 -3.2
"2" EW MUNICH H HI .0 .1 5 -10.6 2 2 0 -1 70 .1  IGH GH 62 -12 9.5 2.3 95 .9 .3 4 -3.4
"2" EW LISBOA LO 0 .6 -17.7 6 1 0. -0 78 2  LOW W 9. -23 9.0 0.7 13 2 .2 3. -1.7
"2" EW LISBOA H LO 7 .8 -19.7 8 2 0. -0 76 4  IGH W 8. -26 8.7 0.5 15 5 .4 3. -1.6
"2" EW LISBOA LOW HIGH 3.1 .0 1 -16.8 4 0. -0 74 1  1 -21 3.0 0.9 80 1 .1 3. -1.5
"2" EW LISBOA H HI 2.7 .1 1 -18.8 3 1 0. -0 70 5  IGH GH 1 -24 2.6 0.7 64 4 .3 3. -1.6
"3" NS PARIS LOW LO .4 .4 6 -11.2 6 0 0. 78 .5  W 65 -12 3.8 1.6 15 .0 0 4 -3.6
"3" NS PARIS H LO .3 .2 6 -13.6 1 0 0. 76 .5  IGH W 61 -15 0.2 1.5 6 .0 0 4 -3.4
"3" NS PARIS LOW HIG .9 .9 7 -10.1 0 0. 73 .4  H 76 -10 4.7 1.84 9 .0 0 4 -3.5
"3" NS PARIS H HI 2.6 .4 7 -12.2 8 0. 0 71 2  IGH GH 7 -13 1.0 1.6 2 0 .0 5. -3.4
"3" NS TORINO LOW LO .5 .7 4 -22.9 2 0 0. 95 .7  W 45 -26 5.4 1.2 34 .0 0 6 -4.3
"3" NS TORINO H LO .0 .6 4 -26.5 0 0 0. 88 .5  IGH W 41 -31 1.0 1.1 38 .0 0 6 -3.6
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"3" NS HIG .8 .7 5 -21.8 7 0 0. 86 .9  TORINO LOW H 55 -24 5.5 1.3 20 .0 0 5 -4.4
"3" NS HIG 1.0 .2 5 -25.3 4 0. 0 87 2  TORINO HIGH H 5 -29 0.9 1.2 21 0 .0 7. -4.0
"3" NS ATHENES LO .9 .1 1 -39.4 0 0 0. 72 .8  LOW W 19 -50 9.9 0.9 14 .0 0 3 -2.7
"3" NS ATHENES LO .1 .5 1 -43.4 9 0 0. 71 .5  HIGH W 17 -56 7.1 0.7 1 .0 0 3 -2.9
"3" NS ATHENES HIG .4 .4 2 -39.8 0 0. 66 .4  LOW H 24 -49 4.4 0.97 9 .0 0 3 -2.8
"3" NS ATHENES HIG 1.5 .5 2 -43.8 9 0. 0 65 9  HIGH H 2 -55 1.5 0.8 0 0 .0 3. -2.7
"3" NS MUNICH LO .2 .4 6 -11.5 3 0 -0 101 .4  LOW W 66 -13 4.7 1.9 87 .1 .2 5 -5.2
"3" NS MUNICH LO .0 .3 6 -14.4 6 0 -0 100 .3  HIGH W 61 -17 0.1 1.6 68 .1 .1 6 -5.2
"3" NS MUNICH HIG 1.4 .8 7 -9.6 6 0. -0 95 3  LOW H 8 -10 9.2 2.2 63 1 .1 5. -4.8
"3" NS MUNICH HIG 5.9 .2 7 -12.3 4 0. -0 93 6  HIGH H 7 -14 4.3 1.9 46 1 .1 5. -5.2
"3" NS LISBOA LO .4 .9 1 -16.7 3 0 0. 96 .1  LOW W 15 -20 5.3 1.0 38 .0 0 5 -1.8
"3" NS LISBOA LO 3.7 .0 1 -18.7 1 0. 0 95 7  HIGH W 1 -24 3.6 0.9 38 0 .0 4. -2.0
"3" NS LISBOA LOW HIGH 9.6 .0 1 -15.8 4 0. 0 93 6  1 -19 9.4 1.1 23 0 .0 5. -1.8
"3" NS LISBOA HIGH HIGH 7.7 .8 1 -17.7 6 0. 0 90 3  1 -21 7.6 1.0 34 0 .0 5. -1.8
"3" EW LO 5.6 .3 6 -12.9 4 0. -0 69 9  PARIS LOW W 6 -14 4.2 1.6 35 0 .1 3. -3.3
"3" EW PARIS HIGH LO 1.6 .8 6 -15.8 9 0. -0 69 7  W 6 -17 0.8 1.3 22 0 .1 3. -3.4
"3" EW PARIS LOW HI 7.0 .7 7 -11.6 2 0. -0 73 5  GH 7 -12 5.0 1.8 30 0 .1 4. -3.7
"3" EW PARIS H HIGH 2.8 .9 7 -14.4 7 0. -0 64 2  IGH 7 -15 1.5 1.5 20 0 .1 4. -3.1
"3" EW TORINO LOW LO 6.8 .8 4 -25.5 2 0. -0 77 4  W 4 -29 6.7 1.1 38 1 .1 4. -3.5
"3" EW TORINO H LO 2.9 .7 4 -30.0 9 0. -0 73 7  IGH W 4 -35 2.8 0.9 32 0 .1 4. -2.9
"3" EW TORINO LOW HI 7.0 .7 5 -24.3 6 0. -0 84 7  GH 5 -27 6.7 1.2 25 0 .1 5. -4.4
"3" EW TORINO H HIG 2.8 .2 5 -28.7 3 0. -0 74 2  IGH H 5 -33 2.7 1.1 17 0 .1 5. -3.2
"3" EW ATHENES LO .3 .4 2 -43.7 2 0 0. 58 .2  LOW W 20 -55 0.3 0.8 18 .0 0 2 -2.4

ATHENES H LO .8 .2 1 -49.0 0 0 0. 57 .6  IGH W 17 -63 7.8 0.7 6 .0 0 2 -2.1"3" EW 
"3" EW ATHENES HI .9 .6 2 -44.1 9 0 0. 59 .6  LOW GH 24 -54 4.9 0.8 11 .0 0 2 -2.5
"3" EW ATHENES H HIG 2.2 .2 2 -49.3 0 0. 0 55 7  IGH H 2 -62 2.2 0.8 6 0 .0 2. -2.3
"3" EW  LO .2 .4 6 -13.8 1 0 -0 82 .7  MUNICH LOW W 67 -16 5.8 1.73 46 .3 .6 4 -4.5
"3" EW  LO .5 .3 6 -17.7 7 1 0 -0 74 .5  MUNICH HIGH W 62 -21 1.6 1.4 03 .2 .5 4 -4.1
"3" EW MUNICH HI .3 .5 8 -11.8 2 1 0 -0 80 .8  LOW GH 82 -13 0.2 2.0 04 .2 .4 4 -4.9
"3" EW MUNICH HI .3 .0 7 -15.4 2 1 0 -0 74 .7  HIGH GH 77 -18 5.8 1.7 03 .2 .4 4 -4.4
"3" EW LISBOA LO .0 .7 1 -20.7 9 0 0. 81 .2  LOW W 15 -25 5.0 0.8 20 .0 0 4 -1.5
"3" EW LISBOA LO 3.2 .9 1 -24.4 7 0. 0 83 6  HIGH W 1 -30 3.2 0.7 19 0 .0 4. -1.6
"3" EW LISBOA HI 9.1 .6 1 -19.7 9 0. 0 80 8  LOW GH 1 -23 9.1 0.9 11 0 .0 4. -1.4
"3" EW LISBOA HI 7.1 .5 1 -23.2 9 0. 0 74 2  HIGH GH 1 -28 7.1 0.8 19 0 .0 4. -1.5  
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1a NS PARIS LOW LOW 21.8 -35.2 18.5 -30.3 33.7 -18.9 29.1 -15.5 
1a NS PARIS HIGH LOW 20.9 -38.4 17.7 -33.5 32.2 -21.8 27.8 -18.3 
1a NS PARIS LOW HIGH 32.0 -28.9 27.4 -24.4 47.0 -15.8 41.0 -12.5 
1a NS PARIS HIGH HIGH 30.9 -31.9 26.5 -27.2 45.3 -18.4 39.4 -14.9 
1a NS TORINO LOW LOW 20.2 -49.2 17.0 -43.7 30.0 -30.8 25.9 -26.4 
1a NS TORINO HIGH LOW 18.9 -53.4 15.9 -47.9 28.3 -34.9 24.3 -30.3 
1a NS TORINO LOW HIGH 29.6 -43.4 25.4 -37.8 41.8 -27.5 36.6 -23.1 
1a NS TORINO HIGH HIGH 28.2 -47.4 24.1 -41.7 39.9 -31.2 34.8 -26.6 
1a NS ATHENES LOW LOW 6.6 -76.9 5.1 -70.1 10.1 -52.7 7.8 -47.0 
1a NS ATHENES HIGH LOW 6.0 -81.9 4.7 -75.1 9.2 -57.6 7.1 -51.9 
1a NS ATHENES LOW HIGH 9.8 -72.5 7.6 -65.2 15.0 -50.9 11.8 -44.9 
1a NS ATHENES HIGH HIGH 9.1 -77.3 7.1 -70.0 13.9 -55.5 10.9 -49.4 
1a NS MUNICH LOW LOW 27.5 -36.4 24.3 -32.2 40.1 -19.8 35.8 -16.7 
1a NS MUNICH HIGH LOW 26.3 -40.4 23.2 -36.1 38.3 -23.4 34.2 -20.3 
1a NS MUNICH LOW HIGH 41.7 -28.6 37.1 -24.7 57.6 -15.3 52.0 -12.3 
1a NS MUNICH HIGH HIGH 40.3 -32.3 35.  8 -28.2 55.5 -18.5 50.0 -15.3 
1a NS LISBOA LOW LOW 5.5 -61.9 4.1 -55.2 8.3 -31.9 6.2 -26.9 
1a NS LISBOA HIGH LOW 5.3 -64.8 3.9 -58.2 8.0 -34.8 5.9 -29.7 
1a NS LISBOA LOW HIGH 8.0 -54.7 6.0 -47.6 12.6 -28.1 9.4 -22.9 
1a NS LISBOA HIGH HIGH 7.8 -57.6 5.9 -50.5 12.1 -30.7 9.1 -25.4 
1a EW PARIS LOW LOW 21.8 -36.6 18.6 -31.8 33.7 -20.4 29.1 -17.0 
1a EW PARIS HIGH LOW 21.0 -40.6 17.8 -35.7 32.3 -23.9 27.9 -20.4 
1a EW PARIS LOW HIGH 32.0 -30.4 27.5 -25.9 47.0 -17.2 41.0 -14.0 
1a EW PARIS HIGH HIGH 31.0 -34.0 26.6 -29.4 45.3 -20.4 39.6 -17.0 
1a EW TORINO LOW LOW 20.3 -50.7 17.2 -45.3 30.3 -32.6 26.3 -28.4 
1a EW TORINO HIGH LOW 19.2 -55.5 16.2 -50.1 28.7 -37.2 24.9 -32.9 
1a EW TORINO LOW HIGH 29.9 -45.1 25.7 -39.7 42.3 -29.5 37.1 -25.2 
1a EW TORINO HIGH HIGH 28.6 -49.7 24.6 -44.2 40.5 -33.8 35.4 -29.3 
1a EW ATHENES LOW LOW 6.6 -80.2 5.1 -73.4 10.1 -56.2 7.8 -50.7 
1a EW ATHENES HIGH LOW 6.0 -86.3 4.6 -79.5 9.2 -62.3 7.1 -56.6 
1a EW ATHENES LOW HIGH 9.8 -75.8 7.6 -68.6 15.0 -54.5 11.9 -48.7 
1a EW ATHENES HIGH HIGH 9.1 -81.8 7.1 -74.5 14.0 -60.3 11.0 -54.3 
1a EW MUNICH LOW LOW 27.7 -38.0 24.5 -33.9 40.4 -21.6 36.3 -18.6 
1a EW MUNICH HIGH LOW 26.7 -42.8 23.6 -38.6 38.8 -26.0 34.8 -22.9 
1a EW MUNICH LOW HIGH 42.1 -30.4 37.5 -26.5 58.1 -17.1 52.5 -14.1 
1a EW MUNICH HIGH HIGH 40.8 -34.8 36.4 -30.8 56.1 -21.0 50.7 -17.9 
1a EW LISBOA LOW LOW 5.4 -66.5 4.0 -59.8 8.1 -36.7 6.0 -31.6 
1a EW LISBOA HIGH LOW 5.2 -71.5 3.8 -64.8 7.7 -41.6 5.7 -36.4 
1a EW LISBOA LOW HIGH 7.8 -59.3 5.9 -52.1 12.3 -32.7 9.2 -27.4 
1a EW LISBOA HIGH HIGH 7.6 -64.2 5.8 -57.0 11.8 -37.4 8.8 -32.0 
1b NS PARIS LOW LOW 34.3 -25.2 29.6 -21.3 45.1 -16.9 39.7 -13.7 
1b NS PARIS HIGH LOW 32.8 -28.5 28.3 -24.5 43.2 -19.9 37.9 -16.6 
1b NS PARIS LOW HIGH 46.1 -22.1 40.2 -18.3 58.1 -15.0 51.4 -11.9 
1b NS PARIS HIGH HIGH 44.5 -25.2 38.7 -21.2 56.0 -17.7 49.5 -14.4 
1b NS TORINO LOW LOW 31.2 -39.2 27.0 -34.4 39.8 -29.0 35.0 -24.7 
1b NS TORINO HIGH LOW 29.4 -43.8 25.3 -38.8 37.7 -33.4 33.0 -28.9 
1b NS TORINO LOW HIGH 41.8 -36.0 36.5 -31.0 51.3 -26.8 45.5 -22.4 
1b NS TORINO HIGH HIGH 39.9 -40.4 34.7 -35.3 49.1 -31.0 43.4 -26.4 
1b NS ATHENES LOW LOW 10.7 -62.4 8.3 -56.3 14.9 -48.7 11.7 -43.2 
1b NS ATHENES HIGH LOW 9.8 -67.8 7.5 -61.6 13.8 -53.9 10.7 -48.3 
1b NS ATHENES LOW HIGH 15.1 -60.5 11.9 -54.0 20.2 -47.8 16.3 -42.1 
1b NS ATHENES HIGH HIGH 14.2 -65.7 11.1 -59.1 19.0 -52.9 15.2 -47.0 
1b NS MUNICH LOW LOW 41.2 -28.1 36.8 -24.5 51.9 -19.0 46.9 -16.0 
1b NS MUNICH HIGH LOW 39.4 -32.4 35.2 -28.8 49.6 -23.1 44.8 -19.9 
1b NS MUNICH LOW HIGH 56.8 -23.6 51.2 -20.1 68.8 -15.9 62.6 -12.9 
1b NS MUNICH HIGH HIGH 54.7 -27.7 49.3 -24.1 66.3 -19.6 60.2 -16.5 
1b NS LISBOA LOW LOW 8.4 -41.3 6.3 -35.8 12.9 -24.6 9.8 -20.4 
1b NS LISBOA HIGH LOW 8.1 -44.4 6.1 -38.9 12.4 -27.6 9.4 -23.3 
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1b NS LISBOA LOW HIGH 12.2 -37.5 9.3 -31.9 18.2 -22.6 14.0 -18.3 
1b NS LISBOA HIGH HIGH 11.8 -40.6 9.0 -34.8 17.5 -25.4 13.5 -21.0 
1b EW PARIS LOW LOW 34.3 -26.8 29.7 -22.9 45.1 -18.4 39.8 -15.3 
1b EW 28.4 -26.8 43.2 -22.1 38.0 -18.8 PARIS HIGH LOW 32.8 -30.7 
1b EW PARIS LOW HIGH 46.1 -23.7 40.3 -19.9 58.1 -16.5 51.5 -13.4 
1b EW PARIS HIGH HIGH 44.5 -27.4 38.8 -23.5 56.0 -19.9 49.6 -16.6 
1b EW TORINO LOW LOW 31.4 -40.8 27.3 -36.1 40.1 -30.7 35.4 -26.6 
1b EW TORINO HIGH LOW 29.7 -45.9 25.7 -41.1 38.0 -35.6 33.5 -31.4 
1b EW TORINO LOW HIGH 42.1 -37.8 36.9 -32.9 51.8 -28.7 46.1 -24.5 
1b EW TORINO HIGH HIGH 40.2 -42.7 35.2 -37.8 49.6 -33.4 43.9 -29.0 
1b EW ATHENES LOW LOW 10.6 -66.4 8.2 -60.3 14.8 -52.8 11.7 -47.5 
1b EW ATHENES HIGH LOW 9.7 -72.9 7.5 -66.8 13.7 -59.2 10.7 -53.7 
1b EW ATHENES LOW HIGH 15.0 -64.5 11.9 -58.1 20.2 -52.0 16.3 -46.4 
1b EW ATHENES HIGH HIGH 14.1 -70.9 11.1 -64.4 18.9 -58.3 15.1 -52.5 
1b EW MUNICH LOW LOW 41.5 -29.9 37.2 -26.4 52.2 -20.8 47.4 -17.9 
1b EW MUNICH HIGH LOW 39.8 -35.0 35.6 -31.5 50.1 -25.7 45.4 -22.6 
1b EW MUNICH LOW HIGH 57.1 -25.5 51.6 -22.1 69.2 -17.8 63.1 -14.8 
1b EW MUNICH HIGH HIGH 55.2 -30.4 49.9 -26.8 66.8 -22.2 60.8 -19.1 
1b EW LISBOA LOW LOW 8.2 -46.6 6.2 -41.0 12.5 -29.9 9.5 -25.6 
1b EW LISBOA HIGH LOW 7.8 -51.9 5.9 -46.3 12.0 -35.0 9.1 -30.6 
1b EW LISBOA LOW HIGH 11.9 -42.7 9.1 -37.0 17.7 -27.8 13.6 -23.4 
1b EW LISBOA HIGH HIGH 11.6 -47.9 8.8 -42.1 17.0 -32.7 13.1 -28.1 
1c NS PARIS LOW LOW 47.5 -26.5 41.7 -22.1 58.6 -18.0 52.2 -14.4 
1c NS PARIS HIGH LOW 43.4 -30.7 38.0 -26.0 54.0 -21.8 47.9 -17.9 
1c NS PARIS LOW HIGH 59.5 -23.3 52.6 -19.1 71.8 -15.9 64.1 -12.4 
1c NS PARIS HIGH HIGH 55.1 -27.1 48.5 -22.5 66.9 -19.4 59.6 -15.5 
1c NS TORINO LOW LOW 40.9 -42.0 35.9 -36.4 49.8 -31.6 44.1 -26.6 
1c NS TORINO HIGH LOW 36.2 -48.2 31.5 -42.3 44.7 -37.6 39.3 -32.2 
1c NS TORINO LOW HIGH 51.7 -38.6 45.6 -32.9 61.5 -29.2 54.9 -24.2 
1c NS TORINO HIGH HIGH 46.7 -44.4 40.9 -38.3 56.1 -34.7 49.7 -29.3 
1c NS ATHENES LOW LOW 14.6 -68.5 11.6 -61.4 18.8 -54.5 15.1 -48.2 
1c NS ATHENES HIGH LOW 12.1 -76.5 9.4 -69.1 16.0 -62.3 12.5 -55.7 
1c NS ATHENES LOW HIGH 18.9 -66.3 15.2 -58.9 24.1 -53.5 19.6 -46.9 
1c NS ATHENES HIGH HIGH 16.1 -73.9 12.7 -66.2 21.0 -60.9 16.7 -54.0 
1c NS MUNICH LOW LOW 52.5 -29.0 47.3 -24.9 63.4 -19.7 57.6 -16.2 
1c NS MUNICH HIGH LOW 47.2 -34.3 42.3 -29.9 57.5 -24.7 52.1 -20.8 
1c NS MUNICH LOW HIGH 68.2 -24.3 61.9 -20.4 80.6 -16.4 73.5 -13.0 
1c NS MUNICH HIGH HIGH 62.4 -29.1 56.4 -24.8 74.2 -20.8 67.5 -17.0 
1c NS LISBOA LOW LOW 12.2 -43.3 9.3 -37.0 17.0 -25.8 13.0 -21.0 
1c NS LISBOA HIGH LOW 10.5 -47.6 7.9 -41.0 15.0 -29.8 11.3 -24.7 
1c NS LISBOA LOW HIGH 15.8 -39.3 12.2 -32.9 22.2 -23.6 17.2 -18.9 
1c NS LISBOA HIGH HIGH 13.9 -43.2 10.6 -36.6 20.0 -27.4 15.3 -22.2 
1c EW PARIS LOW LOW 47.8 -28.5 42.2 -24.2 58.9 -19.8 52.6 -16.2 
1c EW PARIS HIGH LOW 43.9 -33.1 38.6 -28.6 54.5 -24.1 48.5 -20.2 
1c EW PARIS LOW HIGH 59.8 -25.2 53.0 -21.0 72.1 -17.7 64.5 -14.2 
1c EW PARIS HIGH HIGH 55.6 -29.4 49.1 -25.0 67.3 -21.6 60.1 -17.8 
1c EW TORINO LOW LOW 42.4 -44.4 37.5 -39.1 51.3 -34.0 45.7 -29.2 
1c EW TORINO HIGH LOW 38.3 -51.0 33.7 -45.4 46.7 -40.4 41.4 -35.3 
1c EW TORINO LOW HIGH 53.3 -41.1 47.3 -35.6 63.1 -31.7 56.6 -26.8 
1c EW TORINO HIGH HIGH 48.9 -47.3 43.2 -41.6 58.2 -37.7 52.0 -32.4 
1c EW ATHENES LOW LOW 15.3 -73.5 12.3 -66.5 19.4 -59.5 15.7 -53.3 
1c EW ATHENES HIGH LOW 12.9 -82.4 10.1 -75.2 16.7 -68.4 13.2 -61.9 
1c EW ATHENES LOW HIGH 19.6 -71.3 15.9 -64.0 24.8 -58.5 20.2 -52.1 
1c EW ATHENES HIGH HIGH 17.0 -79.9 13.6 -72.3 21.8 -67.0 17.5 -60.2 
1c EW MUNICH LOW LOW 53.9 -31.8 48.8 -27.9 64.7 -22.4 59.1 -18.9 
1c EW MUNICH HIGH LOW 49.1 -37.8 44.4 -33.6 59.3 -28.0 54.1 -24.3 
1c EW MUNICH LOW HIGH 69.7 -27.1 63.5 -23.3 81.8 -19.0 75.0 -15.6 
1c EW MUNICH HIGH HIGH 64.5 -32.6 58.6 -28.5 76.0 -24.1 69.5 -20.3 
1c EW LISBOA LOW LOW 11.8 -48.6 9.2 -42.2 16.4 -30.9 12.7 -26.1 
1c EW LISBOA HIGH LOW 10.0 -54.9 7.7 -48.2 14.3 -37.0 10.9 -31.7 
1c EW LISBOA LOW HIGH 15.5 -44.3 12.0 -37.9 21.6 -28.6 16.8 -23.7 
1c EW LISBOA HIGH HIGH 13.5 -50.2 10.3 -43.5 19.2 -34.2 14.8 -28.9 
"2" NS PARIS LOW LOW 31.9 -19.4 27.6 -16.2 43.7 -10.7 38.4 -8.4 
"2" NS PARIS HIGH LOW 31.1 -21.4 26.9 -18.1 42.4 -12.4 37.2 -9.9 
"2" NS PARIS LOW HIGH 43.9 -16.7 38.2 -13.5 57.1 -9.2 50.4 -7.0 
"2" NS PARIS HIGH HIGH 42.9 -18.5 37.3 -15.2 55.7 -10.8 49.2 -8.3 
"2" NS TORINO LOW LOW 26.7 -31.6 23.1 -27.5 35.7 -20.3 31.5 -17.1 
"2" NS TORINO HIGH LOW 25.7 -34.4 22.2 -30.2 34.4 -22.9 30.2 -19.6 
"2" NS TORINO LOW HIGH 37.1 -28.5 32.5 -24.4 47.6 -18.6 42.3 -15.3 
"2" NS TORINO HIGH HIGH 36.0 -31.1 31.5 -26.9 46.1 -21.0 40.8 -17.6 
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"2" NS THENES LOW LOW 10.1 -53.1 A 7.9 -47.4 14.6 -38.2 11.7 -33.7 
"2" NS THENES HIGH LOW 9.6 -56.4 A 7.5 -50.7 13.8 -41.4 10.9 -36.8 
"2" NS ATH HIGH   ENES LOW 14.5 -51.3 11.6 -45.4 20.1 -37.9 16.3 -33.0
"2" NS ATHENES GH 5 HIGH HI 13.9 -54.5 1 .1.0 -48 1  9.2 -41.0 1 .0 5.5 -36
"2" NS MUNICH LOW LOW 38. 3 34. 4 50. 7 45. .7 7 -20. 7 -17. 6 -10. 9 -8
"2" MUNICH H  L  7. 3.7 9.1 4 NS IGH OW 3 7 -22.8 3  -19.9 4  -13.0 44.  -10.8 
"2" NS MUNICH  H  LOW IGH 54.7 -16.3 49.3 -13.6 68.2 -8.4 62.2 -6.5 
"2" NS MUNICH H  H  IGH IGH 53.4 -18.7 48.2 -15.8 66.4 -10.3 60.6 -8.3 
"2" LIS  L   NS BOA LOW OW 8.0 -38.0 6.0 -32.6 12.1 -19.8 9.1 -15.9 
"2" NS LISBOA HIGH LOW 7.8 0 5.9 - 6 7 21.6 8.9 6 -40. 34. 11. - -17.
"2" NS LISBOA LOW HIGH 11.6 -34.0 8.9 -28.4 17.2 -17.8 13.1 -13.9 
"2" NS LISBOA HIGH HIGH 11.4 -35.9 8.7 -30.3 16.7 -19.5 12.8 -15.5 
"2" EW PARIS LOW LOW 32.0 -20.6 27.7 -17.4 43.8 -11.9 38.5 -9.6 
"2" EW PARIS HIGH LOW 31.2 -23.2 27.0 -19.9 42.5 -14.1 37.4 -11.6 
"2" EW PARIS LOW HIGH 44.0 -17.9 38.3 -14.7 57.2 -10.4 50.6 -8.1 
"2" EW PARIS HIGH HIGH 43.0 -20.2 37.5 -16.9 55.8 -12.4 49.3 -9.9 
"2" EW TORINO LOW LOW 27.0 -33.0 23.5 -29.1 36.2 -22.0 32.1 -18.8 
"2" EW TORINO HIGH LOW 26.1 -36.3 22.7 -32.3 35.0 -25.1 30.9 -21.8 
"2" EW TORINO LOW HIGH 37.6 -30.1 33.0 -26.1 48.2 -20.3 42.9 -17.0 
"2" EW TORINO HIGH HIGH 36.6 -33.2 32.1 -29.1 46.7 -23.2 41.6 -19.8 
"2" EW ATHENES LOW LOW 10.2 -55.7 7.9 -50.1 14.7 -41.2 11.8 -36.6 
"2" EW ATHENES HIGH LOW 9.6 -59.9 7.5 -54.2 13.9 -45.2 11.1 -40.6 
"2" EW ATHENES HIGH LOW 14.6 -54.1 11.6 -48.2 20.3 -40.9 16.4 -36.0 
"2" EW ATHENES HIGH HIGH 14.0 -58.1 11.1 -52.2 19.4 -44.8 15.7 -39.8 
"2" EW MUNICH LOW LOW 39.0 -21.7 35.0 -18.9 51.0 -12.2 46.3 -10.1 
"2" EW MUNICH HIGH LOW 38.1 -24.8 34.2 -21.9 49.6 -15.0 45.1 -12.8 
"2" EW MUNICH LOW HIGH 55.1 -17.8 49.8 -15.0 68.6 -9.7 62.6 -7.7 
"2" EW MUNICH HIGH HIGH 54.0 -20.7 48.8 -17.8 67.0 -12.3 61.2 -10.1 
"2" EW LISBOA LOW LOW 7.9 -41.7 5.9 -36.2 11.8 -23.5 8.9 -19.6 
"2" EW LISBOA HIGH LOW 7.7 -45.1 5.7 -39.7 11.4 -26.8 8.7 -22.8 
"2" EW LISBOA LOW HIGH 11.4 -37.6 8.7 -32.0 16.9 -21.5 13.0 -17.6 
"2" EW LISBOA HIGH HIGH 11.2 -41.0 8.6 -35.3 16.4 -24.6 12.6 -20.5 
"3" NS PARIS LOW LOW 51.5 -20.1 45.5 -16.4 63.7 -12.8 57.0 -10.0 
"3" NS PARIS HIGH LOW 48.0 -23.2 42.3 -19.2 59.8 -15.5 53.4 -12.4 
"3" NS PARIS LOW HIGH 63.2 -17.8 56.0 -14.2 76.3 -11.4 68.5 -8.6 
"3" NS PARIS HIGH HIGH 59.4 -20.6 52.6 -16.7 72.2 -13.9 64.6 -10.8 
"3" NS TORINO LOW LOW 36.7 -35.5 32.3 -30.7 45.9 -25.6 40.8 -21.5 
"3" NS TORINO HIGH LOW 32.9 -40.4 28.7 -35.2 41.7 -30.1 36.8 -25.7 
"3" NS TORINO LOW HIGH 46.9 -32.7 41.4 -27.9 57.1 -23.7 51.0 -19.7 
"3" NS TORINO HIGH HIGH 42.8 -37.2 37.5 -32.0 52.5 -28.0 46.7 -23.5 
"3" NS ATHENES LOW LOW 16.4 -59.3 13.1 -52.7 21.5 -46.7 17.5 -41.0 
"3" NS ATHENES HIGH LOW 14.0 -65.2 11.0 -58.4 18.8 -52.5 15.0 -46.5 
"3" NS ATHENES LOW HIGH 20.8 -57.9 16.8 -51.1 26.7 -46.3 22.0 -40.4 
"3" NS ATHENES HIGH HIGH 18.2 -63.6 14.5 -56.5 23.9 -51.8 19.4 -45.6 
"3" NS MUNICH LOW LOW 52.8 -21.8 47.8 -18.5 64.6 -13.4 59.0 -10.7 
"3" NS MUNICH HIGH LOW 48.3 -25.7 43.6 -22.1 59.6 -17.0 54.3 -13.9 
"3" NS MUNICH LOW HIGH 68.0 -18.2 61.8 -15.0 80.9 -11.0 74.2 -8.4 
"3" NS MUNICH HIGH HIGH 63.2 -21.7 57.3 -18.2 75.6 -14.1 69.1 -11.2 
"3" NS LISBOA LOW LOW 12.3 -36.5 9.4 -30.7 17.8 -20.7 13.8 -16.5 
"3" NS LISBOA LOW HIGH 10.8 -39.7 8.1 -33.6 16.1 -23.6 12.2 -19.1 
"3" NS LISBOA HIGH LOW 15.9 -33.3 12.2 -27.4 22.9 -19.2 17.8 -14.9 
"3" NS LISBOA HIGH HIGH 14.3 -36.2 10.8 -30.1 21.0 -21.8 16.2 -17.3 
"3" EW PARIS LOW LOW 51.7 -21.9 45.8 -18.2 63.8 -14.5 57.2 -11.6 
"3" EW PARIS HIGH LOW 48.3 -25.4 42.8 -21.5 60.0 -17.7 53.7 -14.5 
"3" EW PARIS LOW HIGH 63.3 -19.5 56.3 -15.9 76.4 -12.9 68.6 -10.1 
"3" EW PARIS HIGH HIGH 59.7 -22.7 53.0 -18.9 72.3 -15.9 64.8 -12.7 
"3" EW TORINO LOW LOW 37.9 -38.1 33.6 -33.5 47.0 -28.1 42.0 -24.1 
"3" EW TORINO HIGH LOW 34.5 -43.6 30.4 -38.7 43.2 -33.4 38.5 -29.1 
"3" EW TORINO LOW HIGH 48.1 -35.3 42.7 -30.5 58.1 -26.3 52.2 -22.2 
"3" EW TORINO HIGH HIGH 44.5 -40.5 39.3 -35.4 54.1 -31.1 48.3 -26.7 
"3" EW ATHENES LOW LOW 16.9 -63.6 13.6 -57.1 21.9 -51.1 17.9 -45.5 
"3" EW ATHENES HIGH LOW 14.7 -70.7 11.7 -64.0 19.4 -58.0 15.6 -52.2 
"3" EW ATHENES LOW HIGH 21.3 -62.3 17.3 -55.5 27.2 -50.7 22.4 -44.8 
"3" EW ATHENES HIGH HIGH 18.9 -69.1 15.2 -62.1 24.5 -57.4 20.0 -51.2 
"3" EW MUNICH LOW LOW 53.7 -24.7 48.8 -21.3 65.3 -16.1 59.9 -13.3 
"3" EW MUNICH HIGH LOW 49.6 -29.4 45.1 -25.9 60.7 -20.5 55.6 -17.4 
"3" EW MUNICH LOW HIGH 68.8 -20.9 62.8 -17.6 81.5 -13.4 74.9 -10.6 
"3" EW MUNICH HIGH HIGH 64.5 -25.3 58.7 -21.7 76.6 -17.3 70.3 -14.3 
"3" EW LISBOA LOW LOW 12.1 -40.2 9.3 -34.2 17.5 -24.3 13.5 -20.0 
"3" EW LISBOA HIGH LOW 10.4 -44.9 7.9 -38.6 15.6 -28.7 11.9 -24.1 
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"3" EW LISBOA LOW HIGH 15.6 -36.8 12.0 -30.8 22.4 -22.6 17.6 -18.3 
"3" EW LISBOA HIGH HIGH 13.8 -41.2 10.5 -34.8 20.4 -26.7 15.8 -21.9 
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1a NS PARIS LOW LOW 48.5 50.5 41.9 48.2 50.3 42.3 47.0 39.9 
1a NS PARIS HIGH LOW 48.5 65.5 41.8 59.7 49.9 54.1 46.6 48.3 
1a NS PARIS LOW HIGH 55.2 53.4 51.4 50.5 63.1 45.3 59.5 42.3 
1a NS PARIS HIGH HIGH 55.0 64.7 51.1 58.5 63.0 53.2 59.3 47.1 
1a NS TORINO LOW LOW 48.6 58.8 42.0 53.1 52.3 47.1 49.1 43.8 
1a NS TORINO HIGH LOW 48.4 77.1 41.8 71.4 52.2 65.4 49.0 59.8 
1a NS TORINO LOW HIGH 57.9 58.0 54.1 54.9 65.7 49.8 62.0 47.2 
1a NS TORINO HIGH HIGH 57.8 76.3 54.0 70.3 65.6 64.6 62.0 58.6 
1a NS ATHENES LOW LOW 37.1 89.3 29.7 83.8 42.1 77.5 35.8 72.0 
1a NS ATHENES 23.1 102.0 HIGH LOW 27.4 107.5 33.0 95.8 29.1 90.3 
1a NS ATHENES 40.9 LOW HIGH 37.8 90.4 34.1 84.5 45.0 78.6 72.7 
1a NS ATHENES HIGH HIGH 35.9 108.6 32.3 102.7 44.6 96.9 40.4 91.0 
1a NS MUNICH LOW LOW 51.6 46.7 48.4 43.2 59.5 37.4 56.5 34.2 
1a NS MUNICH HIGH LOW 51.4 70.1 48.2 65.2 59.4 57.1 56.5 52.2 
1a NS MUNICH LOW HIGH 68.6 47.3 65.1 43.8 76.4 38.8 73.0 35.1 
1a NS MUNICH HIGH HIGH 68.5 67.3 65.1 62.0 76.4 54.3 72.9 49.0 
1a NS LISBOA LOW LOW 27.9 63.2 19.6 57.7 39.1 51.1 33.0 45.6 
1a NS LISBOA HIGH LOW 27.4 73.3 19.1 67.6 38.3 61.6 32.1 55.8 
1a NS LISBOA LOW HIGH 28.2 63.4 23.0 57.6 39.7 51.3 34.3 45.5 
1a NS LISBOA HIGH HIGH 27.7 73.2 19.9 67.4 38.8 61.4 33.5 55.4 
1a EW PARIS LOW LOW 48.5 54.2 41.9 48.6 50.0 42.4 46.9 39.8 
1a EW PARIS HIGH LOW 48.5 69.8 41.8 64.2 49.8 58.1 46.6 52.5 
1a EW PARIS LOW HIGH 55.0 54.0 51.3 50.4 62.7 45.2 59.0 42.1 
1a EW PARIS HIGH HIGH 54.9 69.7 51.2 63.7 62.6 57.9 58.9 52.0 
1a EW TORINO LOW LOW 48.6 65.0 42.0 59.3 52.6 53.4 49.4 47.7 
1a EW TORINO HIGH LOW 48.4 88.8 41.8 83.1 52.5 77.2 49.3 71.5 
1a EW TORINO LOW HIGH 58.1 64.2 54.4 58.2 65.9 53.0 62.2 50.4 
1a EW TORINO HIGH HIGH 58.1 88.0 54.4 82.0 65.8 76.4 62.2 70.4 
1a EW ATHENES LOW LOW 40.4 96.7 33.5 91.2 43.8 84.9 37.2 79.4 
1a EW ATHENES HIGH LOW 31.6 121.3 24.7 115.7 39.8 109.6 33.8 104.0 
1a EW ATHENES LOW HIGH 41.6 97.7 35.4 91.9 45.3 86.0 41.3 80.1 
1a EW ATHENES HIGH HIGH 36.9 122.3 33.4 116.4 45.0 110.6 40.9 104.7 
1a EW MUNICH LOW LOW 51.6 55.9 48.6 51.0 59.5 42.9 56.5 38.0 
1a EW MUNICH HIGH LOW 51.5 87.4 48.5 82.4 59.4 74.5 56.5 69.5 
1a EW MUNICH LOW HIGH 68.6 53.1 65.1 47.8 76.4 41.3 73.0 37.8 
1a EW MUNICH HIGH HIGH 49.2 91.6 65.1 79.3 76.4 71.6 72.9 66.3 
1a EW LISBOA LOW LOW 28.0 74.6 19.6 68.6 37.6 62.7 31.5 57.0 
1a EW LISBOA HIGH LOW 27.7 97.4 19.3 91.4 37.1 85.5 30.5 79.8 
1a EW LISBOA LOW HIGH 27.9 74.6 22.9 68.2 38.2 62.6 32.8 56.5 
1a EW LISBOA HIGH HIGH 27.7 97.4 19.9 90.9 37.8 85.4 31.3 79.3 
1b NS PARIS LOW LOW 52.2 49.3 48.0 46.8 57.5 43.4 53.2 40.7 
1b NS PARIS HIGH LOW 51.9 51.9 47.6 49.4 57.2 46.1 53.0 43.4 
1b NS PARIS LOW HIGH 64.3 51.9 59.6 48.7 69.3 46.0 64.5 42.5 
1b NS PARIS HIGH HIGH 64.1 54.5 59.4 51.3 69.1 48.7 64.4 45.2 
1b NS TORINO LOW LOW 54.4 52.4 50.2 50.3 59.5 46.9 55.1 44.8 
1b NS TORINO HIGH LOW 54.2 58.2 50.0 53.3 59.4 51.5 55.0 47.8 
1b NS TORINO LOW HIGH 66.9 55.9 62.2 53.3 71.7 50.4 67.0 47.8 
1b NS TORINO HIGH HIGH 66.8 58.8 62.1 56.2 71.7 53.4 66.9 50.8 
1b NS ATHENES LOW LOW 36.1 67.9 31.5 63.2 42.2 61.1 38.1 56.4 
1b NS ATHENES HIGH LOW 35.9 84.3 31.3 79.6 42.0 77.5 37.6 72.9 
1b NS ATHENES LOW HIGH 46.1 68.6 41.3 63.7 52.1 61.8 47.8 57.6 
1b NS ATHENES HIGH HIGH 45.9 85.0 40.9 80.1 51.8 78.3 47.4 73.4 
1b NS MUNICH LOW LOW 61.9 43.7 57.7 40.3 66.7 37.5 62.5 33.7 
1b NS MUNICH HIGH LOW 61.8 56.5 57.6 52.1 66.7 48.8 62.5 44.5 
1b NS MUNICH LOW HIGH 77.5 44.8 73.1 40.8 82.4 38.7 78.0 34.4 
1b NS MUNICH HIGH HIGH 77.5 54.5 73.0 49.9 82.4 46.8 77.9 42.2 
1b NS LISBOA LOW LOW 31.5 47.1 26.6 43.2 33.3 40.2 30.2 36.2 
1b NS LISBOA HIGH LOW 31.4 56.6 26.5 51.9 33.3 49.7 30.2 45.0 
1b NS LISBOA LOW HIGH 34.9 48.2 30.8 45.9 40.8 41.3 37.3 38.9 
1b NS LISBOA HIGH HIGH 34.9 56.7 30.7 51.8 40.8 49.9 37.3 45.0 
1b EW PARIS LOW LOW 53.2 49.1 48.1 46.5 57.3 43.1 53.1 40.4 
1b EW PARIS HIGH LOW 53.2 51.7 47.8 49.2 57.1 45.9 52.9 44.2 
1b EW PARIS LOW HIGH 64.8 51.6 59.5 48.4 69.0 45.7 64.3 42.3 
1b EW PARIS HIGH HIGH 64.8 54.2 59.4 51.0 68.9 48.5 64.2 45.6 
1b EW TORINO LOW LOW 54.9 56.3 50.5 54.1 59.6 50.8 55.3 48.7 
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1b EW TORINO HIGH LOW 54.9 68.4 50.5 63.5 59.6 61.7 55.2 56.9 
1b EW TORINO LOW HIGH 67.2 59.8 62.3 57.2 71.8 54.3 67.0 51.7 
1b EW TORINO HIGH HIGH 67.2 67.8 62.3 62.8 71.8 61.2 67.0 56.1 
1b EW ATHENES LOW LOW 36.1 .3 42.1 68.1 38.3 63.5  74.9 31.3 70
1b EW ATHENES HIGH LOW 35.9 .6 41.7 90.5 37.8 85.8  97.3 30.8 92
1b EW ATHENES LOW HIGH 46.8 75.7 41.5 70.8 52.3 68.9 48.1 64.0 
1b EW ATHENES HIGH HIGH 46.5 98.0 41.0 93.1 51.9 91.3 47.7 86.3 
1b EW MUNICH LOW LOW 62.1 46.5 57.7 43.2 66.7 40.4 62.6 37.7 
1b EW MUNICH HIGH LOW 62.1 73.3 57.7 68.9 66.7 65.7 62.6 61.3 
1b EW MUNICH LOW HIGH 77.8 47.6 73.1 43.6  78.0 382.5 41.5 8.4 
1b EW MUNICH HIGH HIGH 77.8 71.3 73.1 66.7  82.5 63.7 78.0 59.1 
1b EW LISBOA LOW LOW 31.6 7 52.5  57.1 26. 33.3 50.3 30.3 45.6 
1b EW LISBOA HIGH LOW 31.6 6 71.6  76.5 26. 33.3 69.9 30.3 65.0 
1b EW LISBOA LOW HIGH 35.3 1 52.4 57.3 31. 40.8 50.5 37.3 45.6 
1b EW LISBOA HIGH HIGH 35.3 76.4 31.0 71.2 40.8 69.8 37.3 64.6 
1c NS PARIS LOW LOW 63.6 60.1 58.5 57.4 68.9 55.1 63.8 52.4 
1c NS PARIS HIGH LOW 63.3 65.1 58.1 62.6 60.3 57.7 68.7 63.6 
1c PARIS LOW HIGH 75.8 62.9 70.3 59.7  57.9 54.5  NS 80.9 75.4 
1c NS PARIS HIGH HIG  64.9  .0  H 75.6 67.9 70.1 80.8 63 75.2 60.0
1c NS TORINO LOW LOW  60.1  .8  65.3 62.6 60.2 70.5 57 65.3 55.3
1c NS TORINO HIGH LOW  65.3  .1 65.2  65.1 67.8 60.1 70.4 63 60.6
1c TORINO LOW HIGH 78.1 66.2 72.6 63.2  61.4 77.6 58.5  NS 83.2
1  TORINO HIGH HIGH 78.0 68.4 77.5 c NS 71.4 72.5 83.1 66.7 63.8 
1  ATHENES LOW LOW 48.2 .  49.4  c NS 73.9 42 5 71.2 54.6 69.0 66.4
1  AT  H LOW .  48.8  c NS HENES IGH 47.7 88.3 42 1 83.3 54.2 81.0 76.0
1  ATHENES LOW H .  58.8  c NS IGH 58.0 78.5 52 2 75.4 64.2 73.7 70.6
1  AT  H H .  58.2  c NS HENES IGH IGH 57.6 89.1 51 7 83.8 63.7 81.8 76.5
1  MUNICH LOW LOW .  73.4  c NS 73.2 54.8 68 4 52.4 78.3 49.6 47.3
1  MUNICH HIGH LOW .  73.3  c NS 73.1 61.6 68 3 59.1 78.2 56.6 54.1
1  MUNICH LOW HIGH .  89.3  c NS 89.2 56.1 84 1 53.2 94.6 51.0 48.0
1  MUNICH HIGH HIGH .  89.2  c NS 89.1 62.7 84 0 59.9 94.5 57.7 54.8
1  LOW .  38.3  c NS LISBOA LOW 35.7 54.6 30 4 52.1 42.5 48.1 45.5
1  LOW .  38.3  c NS LISBOA HIGH 35.6 59.5 30 4 57.2 42.5 53.1 50.7
1  HIGH .  44.9  c NS LISBOA LOW 43.6 56.0 38 3 53.1 49.6 49.4 46.2
1  HIGH . 5 44.9  c NS LISBOA HIGH 43.5 60.9 38 3 58.0 49.6 54. 51.4
1c EW L L .5  63.7  PARIS OW OW 55.2 59.9 58  57.1 68.7 54.9 52.0
1c EW P H L .  63.4  ARIS IGH OW 54.7 64.9 58 2 62.5 68.5 60.0 57.6
1c EW PARIS LOW H .  75.2  IGH 65.9 62.6 70 2 59.2 80.7 57.6 54.1
1c EW P H H .  75.0  ARIS IGH IGH 65.6 67.5 70 0 64.4 80.5 62.7 59.5
1c EW TORINO LOW LOW .  65.5  57.7 68.8 60 5 66.3 70.6 64.1 61.6
1c EW TORINO HIGH LOW .  65.4  57.7 75.3 60 5 72.8 70.6 70.8 68.3
1c EW TORINO LOW HIGH .  77.6  68.7 72.4 72 7 69.4 83.3 67.7 64.8
1c EW TORINO HIGH HIGH .  77.6  68.6 78.9 72 7 75.9 83.2 74.3 71.4
1c EW A L L .  49.4  THENES OW OW 42.0 79.3 42 0 76.4 54.4 74.7 71.8
1c EW ATHENES HIGH LOW  . 53.6  48.6  41.5 100.6 41 2 95.5 93.3 88.3
1c EW AT  L HIGH .   58.9  HENES OW 50.5 83.7 52 1 80.4 64.3 79.1 75.8
1c EW ATHENES HIGH H  .   58.3  IGH 49.9 101.4 51 3 96.0 63.6 94.1 88.8
1c EW MUNICH LOW LOW  .   73.5  64.7 59.5 68 4 57.2 78.3 54.5 52.1
1c EW MUNICH HIGH LOW .   73.5  64.6 72.6 68 3 67.8 78.3 64.4 60.2
1c EW MUNICH LOW HIGH .   89.3  78.6 60.9 84 2 58.0 94.6 55.8 53.0
1c EW MUNICH HIGH HIGH 7 .   89.3  8.6 70.5 84 1 65.8 94.6 63.8 60.9
1c EW LISBOA LOW LOW 3 .   38.3  2.3 57.7 30 5 53.3 42.6 50.3 46.9
1c EW LISBOA HIGH LOW .   38.3  32.3 73.9 30 4 68.9 42.5 66.6 61.5
1c EW HIGH .   44.9  LISBOA LOW 39.3 58.4 38 6 55.2 49.6 51.9 48.8
1c EW HIGH .   44.9  LISBOA HIGH 39.3 74.1 38 5 68.8 49.6 66.7 61.4
"2  L L 39.1 .   52.0  " NS PARIS OW OW 52.3 47 8 36.4 55.6 32.4 29.5
"2  H L .   51.9  " NS PARIS IGH OW 52.2 40.3 47 8 37.6 55.6 33.7 30.8
"2  PARIS LOW H  .  63.2  " NS IGH 63.6 41.5 58 6 38.1 67.2 34.9 31.2
"2  P H H .  63.1  " NS ARIS IGH IGH 63.5 42.7 58 6 39.4 67.1 36.2 32.6
"2  TORINO LOW LOW  48.2   51.6  " NS 52.3 45.5 43.0 55.8 39.2 36.7
"2  TORINO HIGH LOW  .   51.3  " NS 51.9 48.1 47 8 45.6 55.5 41.9 39.4
"2  TORINO LOW HIGH .  63.4  " NS 64.7 49.0 60 0 45.9 68.1 42.7 39.6
"2  TORINO HIGH HIGH .  63.1  " NS 64.3 51.6 59 6 48.6 67.8 45.4 42.3
"2  ATHENES LOW L .  38.2  " NS OW 36.0 59.3 32 5 55.5 41.8 52.3 48.7
"2  A H L .  37.8  " NS THENES IGH OW 34.3 68.4 30 7 64.6 41.4 61.5 57.6
"2  A L H .  47.7  " NS THENES OW IGH 45.0 62.2 41 0 59.2 51.7 56.0 53.0
"2" NS ATHENES HIGH HIGH 44.7 69.2 40.2 65.1 51.4 62.2 47.4 58.1 
"2" NS MUNICH LOW LOW 60.0 36.4 56.9 32.8 65.7 29.3 62.3 25.1 
"2" NS MUNICH HIGH LOW 60.0 39.4 56.8 35.8 65.6 32.4 62.2 28.3 
"2" NS MUNICH LOW HIGH 75.4 37.4 71.8 32.8 81.0 30.4 77.2 25.4 
"2" NS MUNICH HIGH HIGH 75.4 40.4 71.7 35.8 80.9 33.5 77.1 28.5 
"2" NS LISBOA LOW LOW 25.6 42.3 22.0 39.5 30.7 34.2 27.7 31.4 
"2" NS LISBOA HIGH LOW 23.4 45.5 19.3 41.7 30.5 38.3 27.6 34.4 
"2" NS LISBOA LOW HIGH 33.0 44.6 29.0 41.5 38.1 36.5 34.7 33.7 
"2" NS LISBOA HIGH HIGH 30.9 45.9 26.3 42.6 38.0 38.4 34.7 34.5 
"2" EW PARIS LOW LOW 52.5 39.2 47.8 36.5 55.6 32.5 51.8 29.6 
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"2" EW PARIS HIGH LOW 52.5 43.4 47.8 39.5 55.6 36.4 51.7 32.5 
"2" EW PARIS LOW HIGH 63.8 41.6 58.6 38.2 67.0 35.0 63.1 31.3 
"2" EW ARIS HIGH HIGH 63.8 43.3 P 58.6 39.6 66.9 36.5 62.9 32.8 
"2" E LOW 52.5 48.2 W TORINO LOW 48.2 45.7 55.7 42.0 51.6 39.4 
"2 O LOW 52.4 48 .5 " EW TORIN HIGH  53.5 .1 49.4 55.6 46 51.5 42.9 
"2 O LOW HIG 51.7 60.0 .6 68 45.4 4 " EW TORIN H 64.8 48 .0 63.4 42.
"2" EW TORINO HIGH HIGH 64.7 55.1 59.9 1 67 49.0   52. .9 63.3 45.9
"2" EW ATHENES LOW LOW 37.3 64.0 33.4 60.2 42.2 57.0 2 38.7 53.
"2" EW HENES LOW 36.9 32.3 2.4 41 69.3 38.4 65.5 AT HIGH  76.3 7 .9 
"2" EW HENES HIG 41.6 1.8 51 59.0 47.9 55.7 AT LOW H 46.6 65.1 6 .7 
"2" EW HENES HIG 46.5 40.9 3.0 51 70.1 47.8 66.0 AT HIGH H 77.1 7 .5 
"2" EW UNICH LOW 56.9 5.2 65.8 31.7 62.3 27.6 M LOW  61.0 38.8 3
"2" EW UNICH LOW 61.0 56.9 3.1 65.7 39.1 62.3 35.6 M HIGH  46.6 4
"2" EW UNICH HIG 71.9 5.3 81.1 32.8 77.2 27.9 M LOW H 76.3 39.8 3
"2" EW UNICH HIG 76.3 71.8 0.9 81.0 37.0 77.2 33.3 M HIGH H 44.7 4
"2" EW SBOA LOW 0.5 22.1 3.4 30.6 40.7 27.8 36.4 LI LOW  3 47.6 4
"2" EW SBOA LOW 29.9 19.6 4.6 30.6 52.0 27.8 47.7 LI HIGH  58.9 5
"2" EW SBOA HIGH 6.3 29.2 4.8 38.1 40.6 34.7 36.9 LI LOW 3 48.1 4
"2" EW SBOA HIGH 36.1 27.1 4.3 38.1 51.9 34.7 47.4 LI HIGH 58.8 5
"3" NS RIS LOW 8.9 63.7 6.6 73.9 44.2 68.6 41.4 PA LOW 6 49.3 4
"3" NS RIS LOW 68.7 63.5 0.3 73.8 47.9 68.5 45.3 PA HIGH 52.9 5
"3" NS RIS HIGH 9.9 74.2 8.6 84.8 46.8 79.1 43.1 PA LOW 7 51.9 4
"3" NS RIS HIGH 79.7 74.1 2.4 84.7 50.5 79.0 47.1 PA HIGH 55.4 5
"3" NS RINO LOW 54.8 4.0 64.4 51.8 60.0 49.0 TO LOW  58.9 56.8 5
"3" NS RINO LOW 58.7 54.7 9.1 64.3 57.0 59.9 54.3 TO HIGH  61.9 5
"3" NS RINO HIG 66.1 6.9 76.0 55.1 71.2 51.9 TO LOW H 70.6 60.1 5
"3" NS RINO HIG 70.4 66.0 2.0 75.9 60.3 71.1 57.1 TO HIGH H 65.2 6
"3" NS HENES LOW 51.1 8.8 62 67.4 57.3 63.9 AT LOW  56.4 72.3 6 .4 
"3" NS HENES LOW 55.8 50.5 9.0 61 76.9 56.8 72.1 AT HIGH  83.8 7 .9  
"3" NS HENES HIG 59.7 2.5 70 71.6 65. 67.6 AT LOW H 65.4 76.4 7 .9 4 
"3" NS HENES HIG 64.9 59.2 9.5 70 77.7 65.0 72.6 AT HIGH H 84.6 7 .5  
"3" NS UNICH LOW 72.0 5.1 81.9 42.6 76.8 39.8 M LOW  77.0 47.9 4
"3" NS UNICH LOW 76.9 71.9 1.3 81.8 48.9 76.7 46.1 M HIGH  54.2 5
"3" NS UNICH HIG 86.1 5.7 96.4 43.8 90.9 40.3 M LOW H 91.5 49.1 4
"3" NS UNICH HIGH 91.4 86.0 2.0 96.3 50.1 90.8 46.8 M HIGH 55.3 5
"3" NS SBOA LOW 9.0 33.2 5.8 44.0 41.9 39.8 38.5 LI LOW  3 49.2 4
"3" NS SBOA LOW 38.7 32.8 0.6 43.9 49.3 39.8 43.8 LI HIGH  56.1 5
"3" NS SBOA HIGH 4.8 39.9 7.5 50.6 44.1 46.0 40.3 LI LOW 4 51.4 4
"3" NS SBOA HIGH 44.7 39.8 0.4 50.5 49.2 45.9 43.5 LI HIGH 56.0 5
"3" EW RIS LOW LOW 5.3 63.9 6.9 74.0 44.7 68.7 41.8 PA 5 49.9 4
"3" EW RIS LOW 55.2 63.8 4.4 73.9 52.0 68.6 49.4 PA HIGH 57.0 5
"3" EW RIS HIGH 3.9 74.3 8.9 84.9 47.2 79.1 43.6 PA LOW 6 52.3 4
"3" EW RIS HIGH 63.8 74.3 5.5 84.8 53.5 79.1 50.4 PA HIGH 58.5 5
"3" EW RINO LOW 55.1 8.9 64.6 56.8 60.2 54.0 TO LOW  48.5 61.6 5
"3" EW RINO LOW 48.4 55.0 5.3 64.5 63.3 60.1 60.5 TO HIGH  68.0 6
"3" EW RINO HIG 66.3 1.8 76.2 60.1 71.4 56.9 TO LOW H 57.6 65.0 6
"3" EW RINO HIG 57.6 66.3 8.1 76.2 66.5 71.4 63.3 TO HIGH H 71.3 6
"3" EW HENES LOW 50.9 4.7 62 73.4 57. 69.9 AT LOW  45.6 78.2 7 .5 3 
"3" EW ATHENES HIGH LOW 45.0 92.4 50.3 87.6 62.0 85.5 56.8 80.6 
"3" EW ATHENES LOW HIGH 52.6 82.3 59.7 78.4 70.8 77.5 65.3 73.6 
"3" EW ATHENES HIGH HIGH 52.1 93.1 59.3 88.1 70.4 86.2 65.0 81.2 
"3" EW MUNICH LOW LOW 62.2 52.5 72.0 49.6 81.9 47.2 76.8 44.4 
"3" EW MUNICH HIGH LOW 62.1 60.6 72.0 57.4 81.8 55.1 76.7 52.3 
"3" EW MUNICH LOW HIGH 73.6 53.6 86.2 50.3 96.5 48.4 90.9 45.0 
"3" EW MUNICH HIGH HIGH 73.5 61.3 86.1 58.0 96.4 56.2 90.8 52.9 
"3" EW LISBOA LOW LOW 31.9 54.8 32.7 51.3 44.0 48.1 39.9 44.6 
"3" EW LISBOA HIGH LOW 31.8 63.6 32.3 58.8 44.0 56.5 39.9 51.7 
"3" EW LISBOA LOW HIGH 37.5 56.9 40.0 53.1 50.6 50.2 46.0 46.4 
"3" EW LISBOA HIGH HIGH 37.5 63.8 40.0 58.8 50.6 56.7 46.0 51.7 
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ANNEX 3 :   RESULTS OF HEATING AND COOLING DEMANDS IN HEATH 
B  
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1 PARIS LOW LOW 56.0 -19.0 50.3 34.3 1.47 1812 9.2 -2.8 59 6.1 -2.4 
1 PARIS HIGH LOW 58.3 -20.0 51.7 3 .2 7 1.39 1484 6.9 -2.3 62 6.0 -2.6 
1 PARIS LOW HIGH 71.6 -16.9 56.6 35.4 1.60 1499 6.4 -2.9 92 7.6 -4.3 
1 PARIS HIGH HIGH 71.0 -18.2 56.6 37.9 1.49 1325 6.0 -2.4 93 7.3 -4.5 
1 TORINO LOW LOW 49.1 -29.9 49.2 44.1 1.11 1551 7.8 -2.3 50 5.7 -2.1 
1 TORINO HIGH LOW 51.5 -32.2 50.5 47.1 1.07 1310 6.2 -2.0 55 6.0 -2.3 
1 TORINO LOW HIGH 63.1 -27.5 55.6 45.8 1.21 1116 4.2 -2.0 73 7.5 -3.1 
1 TORINO HIGH HIGH 63.0 -29.8 55.6 48.1 1.15 1073 4.2 -1.9 74 7.5 -3.2 
1 ATHENES LOW LOW 16.3 -59.5 32.4 50.7 0.64 1797 7.3 -2.7 54 3.8 -2.4 
1 ATHENES HIGH LOW 17.2 -62.7 33.8 53.8 0.63 1600 6.3 -2.4 58 4.0 -2.5 
1 ATHENES LOW HIGH 22.5 -57.7 37.8 53.5 0.71 1285 4.9 -2.4 85 5.5 -4.0 
1 ATHENES HIGH HIGH 22.5 -60.9 37.8 55.7 0.68 1297 5.0 -2.4 84 5.5 -4.0 
1 MUNICH LOW LOW 77.7 -15.3 68.1 28.2 2.42 2183 13.7 -3.2 42 6.1 -1.4 
1 MUNICH HIGH LOW 79.6 -16.5 69.3 31.3 2.21 1925 11.4 -2.9 48 6.6 -1.6 
1 MUNICH LOW HIGH 97.4 -13.0 76.2 27.9 2.73 1627 7.0 -2.9 80 8.0 -3.8 
1 MUNICH HIGH HIGH 96.5 -14.0 76.2 31.1 2.45 1429 6.5 -2.4 79 7.5 -3.8 
1 LISBOA LOW LOW 12.6 -36.9 21.4 46.5 0.46 2971 9.7 -5.4 23 1.6 -1.0 
1 LISBOA HIGH LOW 13.6 -37.3 22.4 48.6 0.46 2708 8.6 -4.9 38 2.4 -1.8 
1 LISBOA LOW HIGH 18.3 -33.5 24.9 48.5 0.51 2458 7.3 -5.6 68 4.5 -3.1 
1 LISBOA HIGH HIGH 18.3 -34.9 24.9 50.1 0.50 2427 7.2 -5.5 68 4.4 -3.1 
2 PARIS LOW LOW 51.9 -6.1 40.7 21.1 1.93 29 0.0 0.0 96 2.3 -1.9 
2 PARIS HIGH LOW 51.7 -11.3 41.3 28.3 1.46 42 0.0 -0.1 93 2.1 -3.1 
2 PARIS LOW HIGH 80.8 -4.0 53.8 23.7 2.27 26 0.0 -0.1 61 3.2 -0.8 
2 PARIS HIGH HIGH 79.5 -7.5 53.8 30.4 1.77 26 0.0 -0.1 66 3.1 -1.7 
2 TORINO LOW LOW 35.2 -16.9 33.9 23.8 1.42 81 0.1 -0.1 91 2.0 -4.0 
2 TORINO HIGH LOW 38. .1 31.0 1.16 68 0.1 -0.1 89 2.2 5 -24.2 36 -4.2 
2 TORINO LOW HIGH 63.9 -11.9 1.76 50 0.0 -0.1 73 3.4 49.0 27.8 -2.0 
2 TORINO HIGH HIGH 63.7 -18.3 49.0 33.9 1.45 50 0.0 -0.1 70 3.4 -2.1 
2 ATHENES LOW LOW 13.2 -39.0 29.8 30.9 0.96 52 0.0 -0.1 76 1.3 -2.7 
2 ATHENES HIGH LOW 14.7 -48.2 31.3 38.0 0.82 47 0.0 -0.1 69 1.2 -2.6 
2 ATHENES LOW HIGH 26.6 -36.3 41.3 36.8 1.12 34 0.0 0.0 50 1.5 -1.3 
2 ATHENES HIGH HIGH 26.6 -44.8 41.3 42.5 0.97 34 0.0 0.0 50 1.5 -1.4 
2 MUNICH LOW LOW 47.9 -6.5 41.9 17.3 2.42 190 0.2 -0.5 110 1.7 -3.2 
2 MUNICH HIGH LOW 43.5 24.2 1.80 180 0.2 -0.4 50.4 -11.7 103 1.5 -4.3 
2 MUNICH LOW HIGH 88.2 -2.5 59.8 18.0 3.32 80 0.1 -0.2 62 1.5 -1.1 
2 MUNICH HIGH HIGH 86.3 .8 24.7 2.42 84 0.1 -0.2 64 1.8 -5.7 59 -1.7 
2 LISBOA LOW LOW 13.5 .4 24.8 0.86 346 0.3 -0.8 99 2.6 -15.6 21 -2.5 
2 LISBOA HIGH LOW 15.2 -18.5 22.7 29.6 0.77 284 0.3 -0.7 90 2.5 -2.1 
2 LISBOA LOW HIGH 26.3 -10.8 30.1 29.9 1.01 102 0.1 -0.2 78 2.4 -1.1 
2 LISBOA HIGH HIGH 26.1 -13.9 30.1 33.7 0.89 102 0.1 -0.2 82 2.5 -1.2 
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Table 44: Maximum heating and cooling pow
Type/ Climate Solar ventilation Max heating Max cooling Max cooling power 

y air 
 

ers 

Orientation factor power 
(W/m²) 

power 
(W/m²) 

in partiall
conditioned rest
homes (W/m²) 

1 PARIS LOW LOW 50.3 34.3  
1 PARIS HIGH LOW 51.7 37.2  
1 PARIS LOW HIGH 56.6 35.4  
1 PARIS H GH HIGH 56.6 37.9  I
1 TORINO LOW LOW 49.2 44.1  
1 TORINO HIGH W .5 47.1  LO  50  
1 TORINO LOW .6 45.8  HIGH 55
1 TORINO HIGH HIGH 55.6 48.1  
1 ATHENES LOW LOW 32.4 50.7  
1 ATHENES HIGH LOW 33.8 53.8  
1 ATHENES LOW HIGH 37.8 53.5  
1 ATHENES HIGH HIGH 37.8 55.7  
1 MUNICH LOW LOW 68.1 28.2  
1 MUNICH HIGH LOW 69.3 31.3  
1 MUNICH LOW HIGH 76.2 27.9  
1 MUNICH HIGH HIGH 76.2 31.1  
1 LISBOA LOW LOW 21.4 46.5  
1 LISBOA HIGH LOW 22.4 48.6  
1 LISBOA LOW HIGH 24.9 48.5  
1 LISBOA HIGH HIGH 24.9 50.1  
2 PARIS LOW LOW 40.7 21.1 8.0 
2 PARIS HIGH LOW 41.3 28.3 10.6 
2 PARIS LOW HIGH 53.8 23.7 9.8 
2 PARIS HIGH HIGH 53.8 30.4 12.1 
2 TORINO LOW LOW 33.9 23.8 8.4 
2 TORINO HIGH LOW 36.1 31.0 11.0 
2 TORINO LOW HIGH 49.0 27.8 10.8 
2 TORINO HIGH HIGH 49.0 33.9 12.9 
2 ATHENES LOW LOW 29.8 30.9 10.6 
2 ATHENES HIGH LOW 31.3 38.0 13.2 
2 ATHENES LOW HIGH 41.3 .8 36 14.0 
2 ATHENES HIGH HIGH 41.3 .5 42 15.9 
2 MUNICH LOW LOW 41.9 17.3 6.8  
2 MUNICH HIGH LOW 43.5 24.2 9.1 
2 MUNICH LOW HIGH 59.8 18.0 7.4 
2 MUNICH HIGH HIGH 59.8 24.7 9.8 
2 LISBOA LOW LOW 21.4 24.8 9.5  
2 11.5 LISBOA HIGH LOW 22.7 29.6 
2 LISBOA LOW HIGH 30.1 29.9 12.1  
2 LISBOA HIGH HIGH 30.1 33.7 14.1  

 
 



ANNEX 4:  ANALYSIS OF HEAT TRANSFER IN FOUR-PIPES FAN COIL UNITS 
 
T
maximum t

he FCU water temperature in heating mode varies from one unit to another from 40°C to 90°C 
emperature. However, the use of chillers in heating mode can generally not allow to reach 

ures higher than 50°C in the worst cases and 65°C in the best cases [BER, 2007].  

he cooling and heating models from Consoclim [CON, 2000], [MOR, 2002]. 
 

s  of the model:

water temperat
 
Many Fan coil units exist, the most common are : 

• 1 coil, 4 pipes 
• 2 coils, 4 pipes 
• 1 coil, 2 pipes + electric heat 

 
he study is focused on a 2coils – 4 pipes  FCU (CIAT Major 2, 435). All calculations have been carried T

out with using t

De cription  

 coil mo  use ass transfer representation 
ding to the Thre  M

 
e coolingTh

c
del d in ConsoClim is based on a heat and m

a cor lkeld ethod [THR, 1970] (Figure 26).  

ha hwSat

Uext
cpa

Uint
cpsat

AIR WATER
 

gure 26: heat and mass transfer in Cooling Coil: representation using THRELKELD method 

en, the air-side and wate de heat transfer coefficients are expressed based on convection heat 
nsfer correlations of Dittu ter and Colburn factor respectively. 

ater side heat transfer : 

Fi
 
Th r-si
tra s Boel
The w  coefficient is defined as follows
 

UA
m

Rat

wRat
,

int
0 8 = 0.023 Aint 

0.40.8

intint
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⎞⎜

⎝
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pww

w
w c

dd λ
µ

µπ
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 of

ant), inside heat transfer coefficient variation only depends on water mass flow rate 
r turbulent flows. Non-rating value can be calculated from rating value by identifying all the 

UA  = 

In the range  typical temperatures for air-conditioning (typically [5- 12°C]), water properties as 
cinematic viscosity µ, thermal conductivity λ are assumed to be constant. Thus, for one coil (i.e. dint 
and Aint are const
fo
constant (or assumed to be constant) values using the known rating value as follows : 
which leads to: 
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int 8.0
wRatm w

 

int Rat 0.8 (2) 

econd, concerning the air-side heat transfer coefficient determination for non-nominal conditions, the 

UA m

S
heat transfer coefficient is written using convection and fin resistance. 

ailext
ext RR

UA 11
+=    

extext
ext Ah

R 1
=      

ailsext
ail Ah

R
η

1
=  (3) 

 
Using a similar approach to internal heat transfer coefficient, the air-side heat transfer coefficient is 
expressed as follows: 
 



UAext = 77.0
aRat

extRat

V
 Va

UA (4) 

uppos  used in heating mode. The UAint is recalculated considering 
 p opertie  are m  Indeed the water temperature passes from 7-12°C to 40-45°C 

lies about heat exchange increase. Equation (4) is changed to account for 

t = 

0.77

 
ined n performance data from the manufacturer’s catalog.  UAext and  UAint are determ  based o

 
is now beThe cooling coil  s ed to 

that the water r s odified.
for instance what imp  40% of 

s, Adry condition U ext becomes : 

67.0
aRat

extRat
V

UA  VaUAex 0.67 (5) 

 th  cooli  operating in heating mode is assessed by using the NTU-
.  

 
The performance of e ng coil
ffectiveness methode

 
Case study:
 
The FCU, CIAT Major 2, 435, delivers a heat wer of 7690 W 70°C water temperature and 
19°C air conditions. T tal and sensible co power at 7/12°C er temperatures and 27°C and 
50% RH air condition  of 8240 W and 5790  respectively. The inal water flow rates are 0.092 
kg/s in th s in the cooling coil.  

 in cooling mode gives 882 W/K and 2760 W/K respectively.  

In the following, one considers a 45°C water inlet temperature, which can be generally easily reached 
by heat pum

s of 

le 45) show that: 
• ode is equal to water flow rate in cooling mode, the cooling 

an deliver about 11% more power than the heating coil at 
0°C; 

 water temperature in the cooling coil is lower to 40°C, the cooling coil in heating 
ivers 

il at 90/70°C.  

able 45: Comparison of the use of cooling coil in heating mode with the heating coil 

Heating power in W according to: 

ing po
o

 at 90/
he to ling  wat
s are W  nom

e heating coil and 0.394 kg/
 
The calculation of UAext and  UAint

 

ps.  
The water-side heat transfer coefficient is increased of 42.5% in order to account for the change
water properties due to the temperature changes from 7-12°C to 45-40°C.  
 
The heat transfer calculations in the cooling coil in heating mode (Tab

if the water flow rate in heating m
coil in heating mode at 45/40°C c
90/7

• if the inlet
mode del about 12% less power than the heating coil at 90/70°C; 

• If the inlet water flow rate is equal to those of the heating coil, the cooling coil in heating 
mode at 45/40°C delivers 25% less power than the heating co

T

Use of the heating coil Use of the cooling coil Use of the cooling coil Use of the cooling coil 

Water temperatures : 
90/70°C 

Water temperatures : 
45/39.8°C 

Water temperatures : 
45/29.7°C 

skgmw /092.0=&  skgmw /394.0=&  skgmw /092.0=&  

Water temperatures : 
40/35.8°C 

skgmw /394.0=&  
7 690 W 8 600 W 5 800 W 6 900 W 

 
Since the FCU are often used at medium fan speed, it is interesting to know the inlet water 
temperature which can transfer at maximum fan speed as heat as the same FCU operating at medium 
fan speed and 90°C inlet water temperature. The results (Figure 27) shows that the same heat power 
can transferred at 77°C if the FCU operates at maximum fan speed. This temperature is in general 
much higher than the maximum temperature which can provide Heat pumps. Since maximum 
heating power is often required during the heating up of the building before occupancy, an 
anticipated heating up of the building can be considered in order to compensate the decrease of the 
heating power due to the lower water temperatures provided by the heat pump. This will imply an 
increase of the fan energy consumption. Furthermore, the use of the cooling coil for heating is possible 
on condition that the thermo static valve can be fitted for heating operation. 
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Figure 27: Impact of the inlet water temperature decrease in the heating coil of a FCU at maximum air 
flow rate and water flow rate.  

 
 
Conclusion: 
 
Even if a heat pump can not provide hot water temperature higher than 50°C, one can consider  in the 
case of 2 coils FCU, the boiler can be replaced by a heat pump provided that the cooling coil is used 
for heating, which has a better heat transfer than the heating coil and the water flow rate in the 

In the case of 1 coil FCU, the hot water temperatures are generally lower, equal to or below 50°C.  

in ter-side exchange area, fin area 
cpa, cpsat, cpw J/kgK specific heat of air, of saturated air, of water 
dint

ha, hwsat  at liquid te

cooling coil is at the same level in heating mode as in the cooling mode.  

 
Nomenclature: 
 
Aext, A t, As m² air-side exchange area, wa

m inside pipe diameter 
J/kg air enthalpy, saturated enthalpy of air mperature 

m w kg/s wate
Rail, Rext K/W f  air-side convection resistan

TU  number of transfer unit 

µa, µw Pa/s dy nd water viscos
νa m²/s cin  viscosity 
ρa, ρw kg/m3 air and water density 
 
indices : 
i inlet 
o outlet 
a air 
w water 
cond cond  

r flow rate 
in thermal resistance, ce 

N
UAh kg/s overall enthalpy heat transfer coefficient 
UAext, UAint W/K air-side and liquid-side  heat transfer coefficient 
V a m3/s specific dry air volumic flow rate 
λa, λw W/mK thermal air conductivity, thermal water conductivity 

namic air a
e

ity 
matic air

ensation film
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Rat related to the nominal rating point 
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ANNEX 5:  A MPTIONS ON PRESSURE DROPS IN AIR HANDLING UNITSSU S 

ductwork on extract air: Pa 
hea  coil   
cooling coil :   0
Heat e  :  

r  
  

 Pa 
e  : 

nd tlet

r n th  in
pp return 

 
The pressure drop of AHU components are chosen according to mean values5 from [EN 13779] : 
Ductwork on supply air : 300 Pa 

200 
80
20

ting  :   
 

Pa 
 Pa 

 recov ry unit  150 Pa 
Humidifie :   50 Pa 
Air filters:  150 Pa 
Silencer:  50 
Terminal d vice  50 Pa 
Air inlet a  ou :  50 Pa 
 
Pressure D op i e AHU  Pa : 

 su ly 
CAV 93 250 0 
VAV 108 400 0 
DF 70 400 0 
SF  150 

D ith re 25F w out Heat covery 500 0 
 
Fan efficien fan ocy ( and mot r) :  
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mv
elP ηη ⋅= PV ∆.& t

 b een 57% and 95% for centrifuge fa nd nd 95% helicoid fa REI,199
 b een d 9

 b ken n n %

s :

n  es ial dings – ance requiremen or 
 a  ro i  m F 37 ly 2007

      

 in W 

ηv  ranges etw ns a 85% a  for ns [ 6] 
η  rangesm etw  75% an 5%.  
As for fans, more the motor power is high, better is its efficiency. 
 
ηv  ηm  can e ta  betwee 50% a d 80 ; 
 
Reference   
 
[EN 13779, 2007] “vent

o it
ilatio  for non-r ident  buil  perform ts f

ventilation nd m-cond oning syste s”, N  EN 1 79, Ju  
 
 

                                                     
5 Except for th i e hi s ta nto account since t ean value seems low e cool ng coil where th gh value i ken i he m



ANNEX 6:  I FA R

em sions due to r ct can ery va
pr ction means c ing the  loads ure here w). Th n 
e :
he ima io
he ail t in icular water power and nuclear power); 
he an f

  GHG EMISS ON CTO S  
 
The CO  2 is elect icity produ ion  be v riable such as in France where 
different odu  are used a cord  to  peak  (Fig belo e mai
reasons ar  

• T  cl tic variat ns; 
• T  av ability of produc ion me  (ans  part
• T  m agement o  energy demand. 

 
Figure 28: Se ona ty  F e b en 1 and 20 S, 2006] 

o 2 co t of elec y in Franc

as l electrici  demand in ranc etwe 999 03 [DE

The Figure below shows the monthly variation f CO nten tricit e.  
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Figure 29: Monthl e ty based on ED a in 2005 

 

y variation of CO2 content of el ctrici F dat
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The CO2 em ons ctr ti s n sy termin EME and F [DES ] 
ha velo  a m lo d v i  fac

Ta 6: Em ion y i s ra

e O2 emissions 

issi  by ele icity utilisa on  i ot ea to de e. AD  ED , 2006
ve de ped ethodo gy an  pro ide em ssion tors by electricity use (Table below). 

ble 4 iss  factors b  electr city u e in F nce 

Us  C
Sp in c r ia f b ) 180 g/kWace heat g (ele tric o  auxil ries o oilers h 

Lighti 100 g/kWh ng 
Appliances 60 g/kWh 

Cooling, H  40 g/kWDW… h 
 
However, in der m t e ro  countri tandard d re used E, 
2007]  prese  i e e ne k lo are not t n into account.  

Ta 7: Em ion f r ion by country (based on IEA figures of 2004) 

k 2 /kWh

 or  to use co parable da a betw en Eu pean es, s ata a  [AD
nted n the Tabl  below. Her , the twor sses ake

ble 4 iss  factors o electricity p oduct

Country g CO  
Fr  .084 ance 0

Germany .517  0
Au  .205 stria 0
Belgium 0.268 
Denmark .334  0

Spain 0.429 
Fin  .253 land 0
Greece .814 0
Irland 0.645 
Italy 0.510 

Luxe r .304 mbu g 0
T e a .440 he N therl nds 0

Portugal .502  0
U d .455 nited king om 0

Sweden .044 0
EU 15 0.352 
USA 0.579 
Japan 0.422 

 
The emission factors for fossil fuels including upstream (extraction, transport, refinery) are given in 
the following table.  
 

O h  kg C 2 /kW
Fuel oil 0.301 

Nat 0ural Gas .231 
 
 
References: 

7] Gu  ’ io  calcul des f s d’émissions et s 
hi es u Bi e on AD   Janvie 7 

6] “Cr et  o erg e dan bâtiment ESPRE ., 
ingénieur, BE 9030, 2006 

 
[ADE 200  ide des facteurs d émiss ns – acteur source
bibliograp qu tilisées, lan Carbon  versi  5.0, EME r 200
 
 [DES, 200  itères démarches de ch ix én étiqu s le  », D TZ H
Techniques de l’
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ANNEX 7 :   I Y NS TION RESULTS ( LES) 

Ta : simulation s fo d (se ts °C, building orientatio orth/so
Reference case t pump 

BU LDING ENERG  CO UMP TAB
 

ble 48  result r office buil ings t poin 21/24 n : N uth) 
Hea use 

H
V

A
C

 

ty
pe

  

cl
im

at
e 

In
te

rn
al

 
lo

ad
s 

so
la

r
fa

ct
or

  

ve
nt

ila
tio

n 

S
ea

so
na

l 

Annual boiler 
consumption 

(KWh/m²) 

electric heat 
pump 

consumption 
(k ²) 

consumption 
reduction 
(k )  

bo
ile

r
ic

i
 

en
c

ef
f

y 

S
ea

so
na

l 
C

O
P

 

Wh/m

fuel 

Wh/m²
DF + FCU 1a PARIS LOW LOW LOW 0.50 2.70 24.1 4.9 -23.3 
DF + FCU 1a PARIS LOW LOW HIGH 0.50 2.71 30.9 6.8 -29.9 
DF + FCU 1a TORINO LOW LOW LOW 0.42 2.58 21.5 4.4 -21.1 
DF + FCU 1a TORINO LOW LOW HIGH 0.44 2.59 27.9 6.2 -27.4 
DF + FCU 1a ATHENES LOW LOW LOW 0.49 2.98 5.5 0.2 -4.6 
DF + FCU 1a ATHENES LOW LOW HIGH 0.50 2.97 7.6 0.6 -6.4 
DF + FCU 1a MUNICH LOW LOW LOW 0.59 2.07 28.0 6.8 -27.0 
DF + FCU 1a MUNICH LOW LOW HIGH 0.62 2.14 37.3 9.8 -35.3 
DF + FCU 1a LISBOA LOW LOW LOW 0.53 3.12 4.9 0.0 -2.8 
DF + FCU 1a LISBOA LOW LOW HIGH 0.54 3.11 6.6 0.2 -4.0 
DF + FCU 1a PARIS HIGH LOW LOW 0.45 2.72 14.9 1.6 -14.5 
DF + FCU 1a PARIS HIGH LOW HIGH 0.45 2.71 19.3 3.5 -18.7 
DF + FCU 1a TORINO HIGH LOW LOW 0.30 2.60 13.3 1.4 -13.1 
DF + FCU 1a TORINO HIGH LOW HIGH 0.36 2.59 17.7 3.2 -17.4 
DF + FCU 1a ATHENES HIGH LOW LOW 0.40 3.00 3.6 0.0 -3.1 
DF + FCU 1a ATHENES HIGH LOW HIGH 0.42 2.99 4.8 0.0 -4.0 
DF + FCU 1a MUNICH HIGH LOW LOW 0.39 2.04 18.1 2.5 -17.9 
DF + FCU 1a MUNICH HIGH LOW HIGH 0.50 2.05 24.9 5.7 -24.3 
DF + FCU 1a LISBOA HIGH LOW LOW 0.45 3.13 3.1 0.0 -1.9 
DF + FCU 1a LISBOA HIGH LOW HIGH 0.46 3.13 4.1 0.0 -2.5 
DF + FCU 1c PARIS LOW LOW LOW 0.62 2.73 52.3 12.3 -50.3 
DF + FCU 1c PARIS LOW LOW HIGH 0.62 2.74 59.8 14.3 -57.4 
DF + FCU 1c TORINO LOW LOW LOW 0.59 2.60 44.1 10.7 -43.1 
DF + FCU 1c TORINO LOW LOW HIGH 0.60 2.61 51.0 12.7 -49.7 
DF + FCU 1c ATHENES LOW LOW LOW 0.63 2.97 14.0 2.2 -11.9 
DF + FCU 1c ATHENES LOW LOW HIGH 0.63 2.98 16.6 2.6 -14.1 
DF + FCU 1c MUNICH LOW LOW LOW 0.67 2.16 53.9 15.2 -51.6 
DF + FCU 1c MUNICH LOW LOW HIGH 0.68 2.20 63.8 18.1 -60.2 
DF + FCU 1c LISBOA LOW LOW LOW 0.63 3.11 12.5 1.0 -7.5 
DF + FCU 1c LISBOA LOW LOW HIGH 0.64 3.11 15.1 1.5 -9.2 
DF + FCU 1c PARIS HIGH LOW LOW 0.60 2.72 40.8 9.1 -39.3 
DF + FCU 1c PARIS HIGH LOW HIGH 0.60 2.73 47.1 10.9 -45.3 
DF + FCU 1c TORINO HIGH LOW LOW 0.57 2.59 34.5 7.9 -33.7 
DF + FCU 1c TORINO HIGH LOW HIGH 0.58 2.59 40.5 9.7 -39.6 
DF + FCU 1c ATHENES HIGH LOW LOW 0.62 2.98 10.7 1.2 -9.0 
DF + FCU 1c ATHENES HIGH LOW HIGH 0.62 2.98 12.6 1.8 -10.6 
DF + FCU 1c MUNICH HIGH LOW LOW 0.64 2.10 42.9 11.7 -41.8 
DF + FCU 1c MUNICH HIGH LOW HIGH 0.65 2.13 51.4 14.6 -49.5 
DF + FCU 1c LISBOA HIGH LOW LOW 0.63 3.12 9.1 0.5 -5.3 
DF + FCU 1c LISBOA HIGH LOW HIGH 0.63 3.12 10.7 0.8 -6.3 
DF + FCU 2 PARIS LOW LOW LOW 0.51 2.73 35.2 7.6 -33.8 
DF + FCU 2 PARIS LOW LOW HIGH 0.53 2.75 42.7 9.5 -40.7 
DF + FCU 2 TORINO LOW LOW LOW 0.41 2.60 28.1 6.1 -27.5 
DF + FCU 2 TORINO LOW LOW HIGH 0.46 2.62 34.9 8.0 -33.9 
DF + FCU 2 ATHENES LOW LOW LOW 0.48 2.97 9.4 1.3 -7.9 
DF + FCU 2 ATHENES LOW LOW HIGH 0.49 2.98 12.3 1.6 -10.3 
DF + FCU 2 MUNICH LOW LOW LOW 0.64 2.21 38.8 9.4 -35.8 
DF + FCU 2 MUNICH LOW LOW HIGH 0.65 2.28 48.7 11.9 -43.6 
DF + FCU 2 LISBOA LOW LOW LOW 0.52 3.11 7.8 0.4 -4.7 
DF + FCU 2 LISBOA LOW LOW HIGH 0.52 3.12 10.4 0.8 -6.3 
DF + FCU 2 PARIS HIGH LOW LOW 0.44 2.71 23.9 4.7 -23.1 
DF + FCU 2 PARIS HIGH LOW HIGH 0.45 2.72 30.1 6.4 -29.1 
DF + FCU 2 TORINO HIGH LOW LOW 0.30 2.59 19.0 3.7 -18.6 
DF + FCU 2 TORINO HIGH LOW HIGH 0.36 2.59 24.7 5.3 -24.1 
DF + FCU 2 ATHENES HIGH LOW LOW 0.42 2.98 6.1 0.4 -5.1 
DF + FCU 2 ATHENES HIGH LOW HIGH 0.44 2.98 8.1 1.0 -6.7 
DF + FCU 2 MUNICH HIGH LOW LOW 0.58 2.11 27.5 6.3 -26.5 
DF + FCU 2 MUNICH HIGH LOW HIGH 0.54 2.12 36.1 9.6 -35.0 
DF + FCU 2 LISBOA HIGH LOW LOW 0.46 3.12 4.7 0.0 -2.8 
DF + FCU 2 LISBOA HIGH LOW HIGH 0.47 3.12 6.4 0.3 -3.9 
DF + FCU 3 PARIS LOW LOW LOW 0.47 2.76 66.6 14.2 -62.4 
DF + FCU 3 PARIS LOW LOW HIGH 0.49 2.76 73.8 16.0 -68.8 
DF + FCU 3 TORINO LOW LOW LOW 0.35 2.61 46.0 10.2 -44.5 
DF + FCU 3 TORINO LOW LOW HIGH 0.37 2.62 52.5 11.9 -50.6 
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DF + FCU 3 ATHENES LOW LOW LOW 0.45 2.98 20.2 3.2 -16.3 
DF + FCU 3 ES LOW LOW HIGH 0.46 2.99 23.1 3.5 -1ATHEN 8.6 
DF + FCU 3 CH LOW LOW LOW 0.60 2.23 63.6 15.8 -5MUNI 9.4 
DF + FCU 3 MUNICH LOW LOW HIGH 0.61 2.27 73.4 18.3 -67.5 
DF + FCU 3 LISBOA LOW LOW LOW 0.47 3.12 18.0 1.4 -9.7 
DF + FCU 3 LISBOA LOW LOW HIGH 0.48 3.12 20.8 1.9 -11.3 
DF + FCU 3 PARIS HIGH LOW LOW 0.41 2.74 53.8 10.9 -50.8 
DF + FCU 3 PARI HIGH LOW HIGH 0.42 2.74 60.3 12.6 -56.8 S 
DF + FCU 3 TORINO HIGH LOW LOW 0.30 2.59 36.0 7.4 -34.8 
DF + FCU 3 TORINO HIGH LOW HIGH 0.30 2.60 41.8 9.0 -40.4 
DF + FCU 3 ATHENES HIGH LOW LOW 0.42 2.98 15.8 2.1 -12.6 
DF + FCU 3 ATHENES HIGH LOW HIGH 0.43 2.98 18.0 2.6 -14.3 
DF + FCU 3 MUNICH HIGH LOW LOW 0.53 2.16 51.8 12.5 -49.5 
DF + FCU 3 MUNICH HIGH LOW HIGH 0.57 2.19 60.3 15.1 -57.0 
DF + FCU 3 LISBOA HIGH LOW LOW 0.45 3.12 13.2 0.8 -7.0 
DF + FCU 3 LISBOA HIGH LOW HIGH 0.45 3.12 15.0 1.1 -8.1 
SF + FCU 2 PARIS LOW LOW LOW 0.58 2.77 61.2 12.2 -56.7 
SF + FCU 2 PARIS LOW LOW HIGH 0.63 2.80 77.6 15.7 -69.1 
SF + FCU 2 TORINO LOW LOW LOW 0.55 2.64 51.0 10.5 -48.2 
SF + FCU 2 TORINO LOW LOW HIGH 0.61 2.68 65.5 13.7 -59.3 
SF + FCU 2 ATHENES LOW LOW LOW 0.54 2.99 22.1 2.8 -18.5 
SF + FCU 2 ATHENES LOW LOW HIGH 0.57 3.00 28.4 4.1 -23.4 
SF + FCU 2 MUNICH LOW LOW LOW 0.66 2.36 71.7 14.7 -61.4 
SF + FCU 2 MUNICH LOW LOW HIGH 0.68 2.43 93.0 18.3 -73.3 
SF + FCU 2 LISBOA LOW LOW LOW 0.57 3.12 19.6 1.6 -13.3 
SF + FCU 2 LISBOA LOW LOW HIGH 0.59 3.12 25.5 2.5 -16.5 
SF + FCU 2 PARIS HIGH LOW LOW 0.65 2.74 40.0 8.7 -37.9 
SF + FCU 2 PARIS HIGH LOW HIGH 0.67 2.76 54.6 12.3 -50.4 
SF + FCU 2 TORINO HIGH LOW LOW 0.64 2.62 33.2 7.5 -31.8 
SF + FCU 2 TORINO HIGH LOW HIGH 0.67 2.64 46.1 10.9 -43.2 
SF + FCU 2 ATHENES HIGH LOW LOW 0.61 3.00 12.5 1.7 -9.9 
SF + FCU 2 ATHENES HIGH LOW HIGH 0.64 3.00 17.5 2.8 -13.6 
SF + FCU 2 MUNICH HIGH LOW LOW 0.65 2.25 48.5 11.8 -43.8 
SF + FCU 2 MUNICH HIGH LOW HIGH 0.67 2.34 67.8 16.3 -57.3 
SF + FCU 2 LISBOA HIGH LOW LOW 0.59 3.13 10.6 0.7 -6.2 
SF + FCU 2 LISBOA HIGH LOW HIGH 0.63 3.12 14.8 1.5 -8.5 
SF + FCU 3 PARIS LOW LOW LOW 0.65 2.78 83.7 18.2 -76.5 
SF + FCU 3 PARIS LOW LOW HIGH 0.67 2.79 99.5 21.6 -88.9 
SF + FCU 3 TORINO LOW LOW LOW 0.64 2.63 60.6 13.9 -57.3 
SF + FCU 3 TORINO LOW LOW HIGH 0.66 2.66 74.4 17.2 -68.6 
SF + FCU 3 ATHENES LOW LOW LOW 0.62 2.99 27.3 4.7 -21.5 
SF + FCU 3 ATHENES LOW 33.8 5.9 -26.5 LOW HIGH 0.64 3.00 
SF + FCU 3 MUNICH LOW LOW LOW 0.64 2.32 84.6 20.6 -74.8 
SF + FCU 3 MUNICH LOW LOW HIGH 0.66 2.38 105.0 24.7 -88.7 
SF + FCU 3 LISBOA LOW LOW LOW 0.58 3.12 24.8 2.4 -13.3 
SF + FCU 3 LISBOA LOW LOW HIGH 0.61 3.12 31.1 3.4 -16.8 
SF + FCU 3 PARIS HIGH LOW LOW 0.62 2.75 69.3 14.8 -64.5 
SF + FCU 3 PARIS HIGH LOW HIGH 0.65 2.76 83.7 18.3 -76.8 
SF + FCU 3 TORINO HIGH LOW LOW 0.61 2.61 49.2 10.9 -46.8 
SF + FCU 3 TORINO HIGH LOW HIGH 0.64 2.62 61.6 14.2 -57.8 
SF + FCU 3 ATHENES HIGH LOW LOW 0.58 2.99 21.8 3.2 -16.9 
SF + FCU 3 ATHENES HIGH LOW HIGH 0.61 2.99 27.0 4.4 -20.9 
SF + FCU 3 MUNICH HIGH LOW LOW 0.62 2.24 70.8 17.4 -64.8 
SF + FCU 3 MUNICH HIGH LOW HIGH 0.64 2.31 89.3 21.7 -78.5 
SF + FCU 3 LISBOA HIGH LOW LOW 0.54 3.12 18.6 1.5 -9.7 
SF + FCU 3 LISBOA HIGH LOW HIGH 0.57 3.12 22.8 2.2 -12.1 

CAV 1a PARIS LOW LOW LOW 0.68 2.71 15.8 3.3 -14.2 
CAV 1a PARIS LOW 21.9 5.0 -20.1  LOW HIGH 0.66 2.68 
CAV 1a TORINO LOW 16.4 3.4 -14.3  LOW LOW 0.69 2.64 
CAV 1a TORINO LOW LOW HIGH 0.68 2.56 19.7 4.6 -17.8 
CAV 1a ATHENES LOW LOW LOW      
CAV 1a ATHENES LOW LOW HIGH      
CAV 1a MUNICH LOW LOW LOW 0.71 2.15 22.5 5.6 -19.6 
CAV 1a MUNICH LOW LOW HIGH 0.71 2.12 30.7 8.1 -26.2 
CAV 1a LISBOA LOW LOW LOW 0.62 3.16 5.1 0.3 -3.0 
CAV 1a LISBOA LOW LOW HIGH 0.56 3.12 3.9 0.3 -2.6 
CAV 1a PARIS HIGH LOW LOW 0.67 2.89 23.8 4.8 -22.4 
CAV 1a PARIS HIGH LOW HIGH 0.67 2.83 19.6 4.0 -18.2 
CAV 1a TORINO HIGH LOW LOW 0.67 2.84 30.0 6.3 -27.7 
CAV 1a TORINO HIGH LOW HIGH 0.67 2.79 23.7 4.9 -21.4 
CAV 1a ATHENES HIGH LOW LOW      
CAV 1a ATHENES HIGH LOW HIGH      
CAV 1a MUNICH HIGH LOW LOW 0.72 2.50 35.4 8.4 -33.8 
C 6 AV 1a MUNICH HIGH LOW HIGH 0.72 2.31 27.5 6.8 -25.
CAV 1a LISBOA HIGH LOW LOW 0.68 3.15 14.3 1.8 -10.0 
CAV 1a LISBOA HIGH 12.1 1.4 -8.2  LOW HIGH 0.67 3.17 
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VAV 1a PARIS LOW LOW LOW 0.68 2.63 14.8 3.6 -14.5 
VAV 1a PARIS LOW LOW HIGH 0.50 2.65 19.7 4.8 -19.1 
VAV 1a TORINO LOW LOW LOW 0.68 2.48 13.1 3.4 -12.9 
VAV 1a TORINO LOW LOW HIGH 0.47 2.50 17.4 4.4 -17.0 
VAV 1a ATHENES LOW LOW LOW 0.60 2.90 2.6 0.3 -2.5 
VAV 1a ATHENES LOW LOW HIGH 0.32 2.89 4.0 0.5 -3.4 
VAV 1a MUNICH LOW LOW LOW 0.70 1.92 15.5 4.4 -13.4 
VAV 1a MUNICH LOW LOW HIGH 0.68 1.99 21.8 6.2 -19.2 
VAV 1a LISBOA LOW LOW LOW 0.65 3.09 1.8 0.1 -1.3 
VAV 1a LISBOA LOW LOW HIGH 0.35 3.08 3.3 0.2 -1.9 
VAV 1a PARIS HIGH LOW LOW 0.70 2.61 5.6 1.3 -5.5 
VAV 1a PARIS HIGH LOW HIGH 0.68 2.59 7.7 1.8 -7.6 
VAV 1a TORINO HIGH LOW LOW 0.70 2.43 5.1 1.2 -5.1 
VAV 1a TORINO HIGH LOW HIGH 0.70 2.42 7.2 1.7 -7.1 
VAV 1a ATHENES HIGH LOW LOW 0.56 2.90 0.8 0.0 -0.8 
V 0 AV 1a ATHENES HIGH LOW HIGH 0.51 2.89 1.0 0.0 -1.
VAV 1a MUNICH HIGH LOW LOW 0.70 1.79 7.5 2.1 -6.9 
VAV 1a MUNICH HIGH 10.4 3.1 -9.7 LOW HIGH 0.70 1.79 
VAV 1a LISBOA HIGH LOW LOW 0.63 3.13 0.4 0.0 -0.4 
VAV 1a LISBOA HIGH LOW HIGH 0.63 3.12 0.5 0.0 -0.4 
VAV 1c PARIS LOW LOW LOW 0.65 2.72 42.8 10.9 -41.1 
VAV 1c PARIS LOW LOW HIGH 0.65 2.73 46.8 11.9 -44.9 
VAV 1c TORINO LOW LOW LOW 0.67 2.56 34.3 9.3 -33.3 
VAV 1c TORINO LOW LOW HIGH 0.66 2.58 37.7 10.2 -36.6 
VAV 1c ATHENES LOW LOW LOW 0.66 2.94 12.2 2.5 -10.9 
VAV 1c ATHENES LOW LOW HIGH 0.66 2.95 13.9 2.8 -12.2 
VAV 1c MUNICH LOW LOW LOW 0.70 2.14 40.9 11.9 -35.7 
VAV 1c MUNICH LOW LOW HIGH 0.70 2.17 46.1 13.3 -40.6 
VAV 1c LISBOA LOW LOW LOW 0.65 3.10 10.6 1.4 -7.1 
VAV 1c LISBOA LOW LOW HIGH 0.65 3.10 12.6 1.7 -8.2 
VAV 1c PARIS HIGH LOW LOW 0.63 2.69 30.4 7.7 -29.4 
VAV 1c PARIS HIGH LOW HIGH 0.62 2.69 33.9 8.6 -32.8 
VAV 1c TORINO HIGH LOW LOW 0.65 2.53 24.7 6.7 -24.1 
VAV 1c TORINO HIGH LOW HIGH 0.63 2.54 27.7 7.5 -27.1 
VAV 1c ATHENES HIGH LOW LOW 0.64 2.93 8.1 1.5 -7.3 
VAV 1c ATHENES HIGH LOW HIGH 0.63 2.94 9.3 1.8 -8.3 
VA 6.7V 1c MUNICH HIGH LOW LOW 0.70 2.05 29.7 9.0 -2  
VA 0.7 V 1c MUNICH HIGH LOW HIGH 0.70 2.07 34.0 10.3 -3
VAV 1c LISBOA HIGH LOW L 0 6.2 0.7 -4.2 OW 0.63 3.1
VAV 1c LISBO  HIGH LOW HIGH 0.63 3.10 7.2 0.9 -4.8 A

 
 

Table 49: Simulation results of heath care institutions (Type 1 refers to Large hospitals and Type 2 refers 
to rest homes) 

Reference case Heat pump use 
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Annual boiler 
consumption 

(KWh/m²) 

electric heat 
pump 

consumption 
(kWh/m²) 

fuel 
consumption 

reduction 
(kWh/m²)  

SF + FCU 2 PARIS LOW LOW LOW 0.68 2.77 76.9 17.6 -70.0 
SF + FCU 2 PARIS LOW LOW HIGH 0.69 2.81 95.5 21.3 -86.4 
SF 7  + FCU 2 TORINO LOW LOW LOW 0.66 2.47 56.5 14.8 -53.
SF 1  + FCU 2 TORINO LOW LOW HIGH 0.69 2.53 76.8 19.9 -73.
SF + FCU 2 ATHENES LOW LOW L 7 22.6 3.0 -15.6 OW 0.57 3.2
SF + FCU 2 ATHENES LOW LOW HIGH 0.62 3.30 31.4 4.3 -21.1 
SF + FCU 2 MUNICH LOW LOW LOW 0.65 2.05 76.0 23.1 -74.4 
SF + FCU 2 MUNICH LOW LOW HIGH 0.68 2.16 103.4 28.6 -100.4 
SF + FCU 2 LISBOA LOW LOW LOW 0.58 3.53 22.8 1.2 -5.3 
SF + FCU 2 LISBOA LOW LOW HIGH 0.63 3.53 31.5 1.9 -7.7 
DF + FCU 1 PARIS LOW LOW LOW 0.55 2.24 65.7 19.0 -63.4 
DF + FCU 1 PARIS LOW LOW HIGH 0.57 2.25 75.7 22.4 -72.6 
DF + FCU 1 TORINO LOW LOW LOW 0.53 2.09 58.6 18.2 -57.0 
DF + FCU 1 TORINO LOW LOW HIGH 0.54 2.10 67.5 21.5 -65.5 
DF + FCU 1 ATHENES LOW LOW LOW 0.53 2.67 19.1 3.1 -16.5 
DF + FCU 1 ATHENES LOW LOW HIGH 0.55 2.67 22.4 4.0 -19.0 
DF + FCU 1 MUNICH LOW LOW LOW 0.67 1.84 89.9 30.4 -82.4 
DF + FCU 1 MUNICH LOW LOW HIGH 0.67 1.86 101.3 34.5 -91.6 
DF + FCU 1 LISBOA LOW LOW LOW 0.56 2.91 15.5 1.3 -10.1 
DF + FCU 1 LISBOA LOW LOW HIGH 0.58 2.91 18.6 1.9 -11.4 
DF + FCU 2 PARIS LOW LOW LOW 0.67 2.75 68.3 14.0 -51.4 
DF + FCU 2 PARIS LOW LOW HIGH 0.68 2.76 81.0 16.7 -62.3 
DF + FCU 2 TORINO LOW LOW LOW 0.65 2.46 50.6 11.2 -36.7 
DF + FCU 2 TORINO LOW LOW HIGH 0.67 2.48 65.1 15.0 -50.3 
DF + FCU 2 ATHENES LOW LOW LOW 0.58 3.30 21.8 2.2 -10.7 
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DF + FCU 2 ATHENES LOW LOW HIGH 0.61 3.29 27.4 3.0 -14.3 
DF + FCU 2 MUNICH LOW LOW LOW 0.64 2.02 68.6 17.8 -50.2 
DF + FCU 2 MUNICH LOW LOW HIGH 0.66 2.10 87.5 22.1 -69.0 
DF + FCU 2 LISBOA LOW LOW LOW 0.58 3.54 20.5 0.9 -3.7 
DF + FCU 2 LISBOA LOW LOW HIGH 0.61 3.54 26.0 1.4 -5.0 

CAV 1 PARIS LOW LOW LOW 0.65 2.23 71.5 20.9 -66.5 
CAV 1 PARIS LOW LOW HIGH 0.66 2.26 87.9 25.9 -81.5 
CAV 1 TORINO LOW LOW LOW 0.67 2.07 65.0 20.1 -59.1 
CAV 1 TORINO LOW LOW HIGH 0.67 2.09 80.2 25.1 -72.9 
CAV 1 ATHENES LOW LOW LOW 0.62 2.63 21.1 4.0 -17.6 
CAV 1 ATHENES LOW LOW HIGH 0.62 2.63 23.7 4.7 -19.9 
CAV 1 MUNICH LOW LOW LOW 0.69 1.84 88.6 28.2 -75.0 
CAV 1 MUNICH LOW LOW HIGH 0.69 1.88 109.7 34.1 -89.8 
CAV 1 LISBOA LOW LOW LOW 0.64 2.88 18.4 2.3 -12.2 
CAV 1 LISBOA LOW LOW HIGH 0.63 2.88 20.7 2.8 -13.4 
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ANNEX 8 :   BUILDING ENERGY CONSUMPTION RESULTS (GRAPHS) 
 
Office buildings  
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Impact of HVAC system in different climates in kWh PE/m² and in % for Building of type 2, Low 
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Health care institutions 
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Impact of HVAC system in different climates in kWh PE/m² and in % for Rest Home, Low 

ventilation rate 
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