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Abstract 

This paper presents a numerical analysis of the effect of fine particle pollution on the natural ventilation 
potential of office buildings in nine European cities. Several years of measured weather and PM2.5 
concentration data were used to perform statistical and dynamic thermal and airflow simulation analysis. The 
statistical analysis confirmed that most PM2.5 is locally generated. Higher PM2.5 levels occur in the morning, 
when wind speeds are low and commuter traffic is high. Unfortunately, in most of the analyzed cities, most 
hours when daytime weekday outdoor temperatures are mild have elevated PM2.5 levels (up to 95 % of the 
hours). The simulation analysis shows that a hybrid NV system can reduce the electricity consumption of a 
well-designed office building by up to 60 %, in comparison to an office using only mechanical HVAC 
equipped with a high-efficiency particle filter. Unfortunately, in this hybrid approach, elevated outdoor PM2.5 
levels penetrate into the working environment and increase occupant cumulative exposure by 1.9 to 4.2 times 
(compared to the standard HVAC system). Limiting the use of NV to moments of low outdoor PM2.5 
concentrations limits the exposure increase to 1.3 to 2.4 times but reduces the maximum energy savings to 
40 %. The last part of this study analyses the tradeoff between energy savings and increased exposure, 
revealing that in Antwerp, Lisbon and Paris most NV-related energy savings occur in moments of low outdoor 
PM2.5 levels, thereby limiting the increased exposure effects that occur when unfiltered NV air enters into the 
working environment. 
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Nomenclature 

A Area [m2] 

C PM2.5 concentration [µg/m3] 

COP Coefficient of performance 

E Electric power [W] 

F Penetration factor 

G Indoor pollutant generation rate [10–6 µg s–1] 

H Height difference between midpoint of opening and the neutral pressure level [m] 

K Coefficient 

N Total number of terms in a sum (sources, sinks, zones, working hours) 

P Cumulative PM2.5 exposure [mg h m–3 year–1] 

R Indoor pollutant removal rate [m3/s] 

S Pollutant generation or removal rate as a function of the concentration at the previous time step 
[µg kg s–1 m–3] 
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