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Table 1. Cities representative of different mid-latitude climates with Köppen-Geiger style 
classifications 

 Hot dry/Mixed 
dry 

Hot humid Mixed humid Marine Cold 

EU 

Madrid  
 
LAT: 40.27N 
LON: 3.32W 
HDD: 2023°C 
CDD: 612°C 

Rome 
 
LAT: 41.47N 
LON: 12.13E 
HDD: 1525°C 
CDD: 555°C 

Lyon 
 
LAT: 45.43N 
LON: 5.40E 
HDD: 2588°C 
CDD: 309°C 

London 
 
LAT: 51.90N 
LON: 0.10W 
HDD: 2968°C 
CDD: 44°C 

Stuttgart 
 
LAT: 48.40N 
LON: 9.13E 
HDD: 3490°C 
CDD: 106°C 

US 

Albuquerque 
 
LAT: 35.20N 
LON: 106.37W 
HDD: 2261°C 
CDD: 749°C 

Atlanta 
 
LAT: 33.39N 
LON: 84.25W 
HDD: 1497°C 
CDD: 1023°C 

Baltimore 
 
LAT: 39.10N 
LON: 76.40W 
HDD: 2537°C 
CDD: 682°C 

Seattle 
 
LAT: 47.27N 
LON: 122.18W 
HDD: 2627°C 
CDD: 98°C 

Chicago 
 
LAT: 41.46N 
LON: 87.45W 
HDD: 3506°C 
CDD: 468°C 

 

  





   Table 3. Outdoor air temperature frequency distribution of the different sites  
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Hot humid 

 
 

 
 

Mixed humid 

 
 

 
 

Marine 

 
 

 
 

Cold 

 
 

 
 

 
 

Albuquerque Madrid 

Atlanta Rome 

Baltimore Lyon 

Seattle London 

Chicago Stuttgart 



Table 4. Amount of office floor area built within each reference period [2-3] 

 Pre-1980 Post-1980 New 
construction 
(after 2000) 

EU 56% 28% 16% 
US 46% 38% 16% 
 

  



Table 5. Construction types [2-3] 

 Pre-1980 Post-1980 New 
construction 

EU 

Walls Concrete cladding 
on concrete pillars 
and beams 

Concrete cladding on 
concrete pillars and 
beams 

Aluminium and 
glass façade on 
concrete pillars 
and beams 

Roof Flat concrete roof 
with bitumised 
surface 

Flat concrete roof with 
bitumised surface 

Flat concrete roof 
with bitumised 
surface 

Floors As for roof, but 
with tiles in place 
of bitumen 

As for roof, but with 
tiles in place of 
bitumen 

As for roof, but 
with tiles in place 
of bitumen 

Windows Double-glazed with 
PVC frame 

Double-glazed with 
aluminium frame 

Double-glazed 
with aluminium 
frame 

US 

Walls Steel framed walls Steel framed walls 
 

Mass walls 

Roof Metal decking with 
insulation above it 

Metal decking with 
insulation above it 

Metal decking 
with insulation 
above it 

Floors Carpet on concrete 
slab 

Carpet on concrete 
slab 

Carpet on 
concrete slab 

Windows Single glazed for 
climate zones 1-4, 
double glazed for 
climate zones 5-8  

Double glazed  Double glazed  

 

  





Table 7. Building features used for the parametric analysis 

Parameters Values Variations 
Constructions representative of 
three vintage periods 

pre 1980; Post 1980; New (post 2000) 3  

Urban Aspect Ratios  (UAR) Isolated buildings; UAR=0.5; UAR=1; 
UAR=2 4  

Floor dimensions ( 1000 m2) 67m x 15m; 50m x 20m; 40m x 25 3  
Overhangs Projection Factor 
(PF) 

no overhangs; PF=0.5; PF=1 3  

Window to Wall Ratio (WWR) WWR=0.3; WWR=0.4; WWR=0.5 3  
Window Opening Area (WOA)* WOA=0.10; WOA=0.20; WOA=0.30 3  
Number of models simulated per city. Base case 324 
Number of models simulated per city. WithVent case 972 
*this parameter is not considered when modelling the base cases, i.e. the ones that do not use natural ventilation 
 

  



Table 8. Building rotation with respect to the north direction (positive values are clockwise) 

No rotation 20° 60° -25° 
Madrid 
Lyon 
Albuquerque 
Atlanta 
Baltimore 
Chicago 

Rome 
 

Seattle London 
Stuttgart 
 

 

  



Table 9. Simulation assumptions (from [2-3])  

 People Appliances Artificial 
lighting 

Infiltrations Ventilation Occupancy 
period 

Outdoor CO2 
concentration 

EU 

21 
m2/person) 

12.5 W/m2  10.8 
W/m2 (1) 

0.15 ACH 40 m3/h 
person 
from 
outside air 

Weekdays
: 8:30-
12:30 and 
13:30-
17:30 

400 ppm (2) 

US 

18.6 
m2/person  

10.8 W/m2 10.8 
W/m2 

0.25 ACH 9.4 l/s per 
person 
from 
outside air 

Weekdays
: 9:00-
13:00 
and 14:00-
18:00 

400 ppm (2) 

(1) the original value of 16 W/m2 was changed to 10.8 W/m2 because it is considered representative of halogen 
incandescent bulbs typically used in offices 

(2) this value is considered as an average one, and it is gathered from [26] 
 

 



 

Figure 1. Chart produced by David Taylor at 
http://www.prooffreader.com/2013_11_01_archive.html showing the relative population by latitude 
in North America and Europe  
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Figure 3. Psychrometric Charts created by Climate Consultant software [21] showing TMY data for 
Riyadh - a Koppen-Geiger 'Hot-Dry' climate 
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Figure 5. Psychrometric Charts created by Climate Consultant software [21] comparing TMY data 
for Rome (left)  and Atlanta (right) 
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Figure 6. Axonometric view of the base thermal model 
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Figure 7. Flow chart of the simulations framework 
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Figure 8. Screenshot of the urban grid. The study building is highlighted in red, together with wind 
angles reference system 
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Figure 9. Reference grids of sensor points for daylighting analyses (measures in metres) 
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Figure 10. Cp values as a function of different UAR values and wind incident angles. Left: top 
window oriented due south. Right: top window oriented due 20° to south 
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Figure 12. IAQ matrix for the best WithVent models. On the columns: climate classification. On the rows: ACH (top two) and CO2 concentrations (bottom two)  
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Figure 13. Daylighting metrics for the best cases for both EU cities (left) and US cities (right). Solid 
bars: sDA index. Solid lines: ASE index 
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