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Abstract 
This paper discusses the possibility of gradually 
developing a natural ventilative cooling strategy for an 
inner-city office building with quantitative assessment 
tools, based on an actual design trajectory for an 
architectural office in Flanders (BE). The feasibility of 
natural ventilative cooling and the impact of the urban 
heat island effect and climate change are explored, by 
implementing high-resolution current and future climate 
model data in each assessment step. 
Key Innovations 
• Evaluation of a Belgian office building in a future 

climatic context. 
• Elaboration of a stepwise process for developing a 

natural ventilative cooling strategy. 
• Application of high-resolution current and future 

weather data including urban effects in different 
quantitative simulation tools for ventilative cooling. 

• Evaluation of the impact of the (future) urban heat 
island effect on the application of ventilative cooling. 

Practical Implications 
A gradually refining quantitative simulation workflow 
along the different design stages is a feasible method for 
implementing natural ventilative cooling in building 
design. The application of high-resolution current and 
future climate data provides useful insights into the 
robustness of the design choices. The application of 
natural ventilative cooling is both with current and with 
future weather data an important energy saving cooling 
strategy that can significantly help toward climate 
neutrality of a building design. 
Introduction 
Since the optimisation of the thermal insulation levels and 
airtightness of buildings, the main energy consumption of 
tertiary buildings in a moderate climate has shifted from 
heating to (mechanical) hygienic ventilation, artificial 
lighting, and, to a certain extent, cooling (IEA, 2013). The 
energy demand for cooling is moreover expected to 
increase further due to climate change (Ramon et al., 
2020).  
Natural ventilation (NV) strategies can be applied to 
provide hygienic ventilation and/or to reduce the cooling 
demand by using natural ventilative cooling (NVC) 
strategies. 

Combining NV with mechanical ventilation (MV) in a 
hybrid ventilation (HV) configuration can significantly 
reduce the primary energy use of MV systems while 
maintaining a low heating demand and allowing to reduce 
the size of the MV installation (Steiger, 2017). 
NVC strategies have the potential to reduce energy 
consumption for cooling and can in some cases even 
permit to eliminate the need for mechanical cooling 
(Kolokotroni and Heiselberg, 2015). 
The potential for NV depends heavily on the design of the 
building, the façade openings, the internal configuration, 
and the context (noise, air pollution, security, …). Further, 
the potential for NVC is amongst others connected to the 
exposed thermal mass. Early-stage design decisions are 
hence necessary if NV is aimed for. “Natural ventilation 
needs to be designed; it cannot be added later.” (Passe 
and Battaglia, 2015, p35).  
Several tools and guidelines have been developed to 
support the design process in developing NV strategies. 
These are however rarely applied in practice despite the 
scientific efforts and the omnipresent use of the NV in 
building tradition throughout history. Various reasons can 
explain the actual low application rate. Firstly, integrating 
NV in designs requires a close interaction between 
architects, MEP engineers, and building simulation 
professionals from the early design phase, which is often 
not the case. Secondly, NV requires simulation features 
which are in general not in the scope of typical energy 
simulation efforts (The American Institute of Architects 
(AIA), 2019). Lastly, architect Charles Correa formulates 
an additional reason: “architects have depended more and 
more on the mechanical engineer to provide light and air 
within a building” (Passe and Battaglia, 2015, p37). 
Therefore, Passe and Battaglia (2015) state: “Natural 
ventilation needs to become a design discipline again, like 
daylighting, and be taught in design studios and not just 
in the technology classes as an add-on” (p36). 
In the search for a suitable early design stage toolbox 
several options are investigated. Important criteria for the 
choice of the tools are the user-friendliness, the fit with 
the architectural design workflow and the visual 
feedback. 
Several flowcharts exist, which are developed to do a 
qualitative assessment of the feasibility of the application 
of NV strategies (CIBSE, 2014) and of NVC (Paasen et 
al., 1998; Breesch, 2006) in office buildings. Although 
these flowcharts and worksheets provide valuable 
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feedback, the interpretation of these requires a solid 
engineering background. To overcome these drawbacks, 
the feasibility of using early design stage building 
simulation software is further examined. Also, a 
worksheet tool which has been developed by Belliri and 
Chiesa (2018) with the aim to roughly quantitatively 
estimate the NVC potential of a room has been evaluated 
(ESFA, 2018).  
In this paper, a triple approach, inspired by the ASHRAE 
Standard 209 - Energy Simulation-Aided Design 
Standard, for implementing VC and NVC, connected to 
the architectural design process is explored. In the early 
design stage (concept design), limited information is 
available. Design choices are driven by qualitative design 
analysis, basic rules, rules of thumb and early-stage 
quantitative assessment. In the context of the International 
Energy Agency (IEA) EBC Annex 62 Ventilative Cooling 
project, a worksheet is developed which estimates the 
NVC potential based on a reduced amount of information. 
This tool is used as a first analysis step. In the developed 
design more information about dimensions and 
materialisation is available and hence, the first design 
choices are validated with a quantitative assessment. 
Consequently, early design choices are revised and 
further detailed. The façade design is formalised in this 
phase. To this extent, more performant, but still very agile 
assessment tools are necessary. In this phase, it is 
important to be able to analyse trends, which can guide 
design decisions. Very detailed results are not feasible at 
this stage and also less relevant, due to the preliminary 
design status. Finally, in the technical design, an in-depth 
validation of the design choices is performed resulting in 
final design choices and input for the design and 
dimensioning of the technical services. Dynamic 
simulations are needed for this purpose. These are 
however time consuming and expensive, and hence it is 
important to note that this might not be feasible for all 
projects. 
The approach proposed to check the feasibility of the 
approach and tools in a real project workflow is applied 
for the design of an office building in a dense urban 
context. In addition, the project aims at guaranteeing 
resilience with future climate, hence climate change is 
considered in the simulations and design of the project. 
The case study is a new low-tech office building hosting 
940m2 offices in the inner city of Leuven (B) for a 
medium sized architectural practise. The office building 
is situated in an urban renewal project comprising 
housing, underground parking and a new semi-public 
park with urban farming. The office consists of two levels, 
internally connected with a void. The levels are organised 
around a patio and connected to the park. The park facade 
(orientated northwest) and the patio facades are the only 
glazed facades. Skylights provide additional daylight and 
can potentially be used for stack ventilation. Due to the 
urban context and strict urban planning rules, no roof 
extensions nor chimneys are possible. 

 
Figure 1: The urban context of the office  

© archipelago architects 

 
Figure 2: North-west façade facing the park  

© archipelago architects 
Methods 
In the early design phase, the urban context of the case 
study has been verified for the use of NVC strategies.  
Consequently, the Ventilative cooling potential tool (VC-
tool) worksheet v1.0, developed in the IEA EBC Annex 
62 Ventilative Cooling project (Belleri and Chiesa, 2018) 
has been applied to assess the NVC potential in this early 
design stage.  
Next, two dynamic simulations have been set up. First, the 
software Dial+ v2.7 (Estia SA, 2020) was used. This 
software is designed for architects to perform early-stage 
single zone dynamic simulations on the level of daylight, 
heating and cooling demand, and summer comfort. 
Finally, TRNSYS 17, developed by the University of 
Wisconsin-Madison’s Solar Energy Laboratory One, was 
used. This tool allows high-end multi-zone simulations 
and is mainly used by specialised engineering offices. 
Through the design process, the level of detail of the 
information is increasing and hence the simulation 
parameters slightly evolve too. 

 

 

qualitative quantitative
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62 VC-tool)
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optimisation 
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For all simulations, two sets of weather data have been 
used, i.e. a set for the current and future climate 
conditions. For the latter, weather data extracted from 
Regional Climate Models (RCMs) are used. For Belgium, 
a climate model with a spatial resolution of 2,8 km is 
available as a result of the CORDEX.BE project. 
Compared to RCMS with a spatial resolution of up to 10 
km, this spatial resolution of 2,8 km results in a better 
representation of extreme weather events and includes 
more local effects, such as the urban heat island (UHI) 
effect (Prein et al., 2015). For our case study, the climate 
data for Leuven have been used. These are however 
compared to the results obtained for simulations with the 
data of Uccle (typically used for dynamic building 
simulations in Belgium) to investigate the importance of 
considering the UHI effect. 
Verification of urban context 
Before starting with a quantitative approach, a qualitative 
assessment of the boundary conditions is made. In this 
step, the context is analysed to verify whether it permits a 
direct inlet of air from outside the building. Two 
parameters have been checked: the quality of the outdoor 
air and the noise level around the building (CIBSE, 2014). 
The first parameter is the most imperative, as good 
outdoor air quality is crucial for allowing NV strategies. 
The Flanders Environment Agency (Vlaamse Milieu 
Maatschappij, VMM) monitors the outdoor air quality of 
Flanders and develops models for predicting the outdoor 
air quality. In general, air quality is improving. Except for 
Ozone, in almost all locations in Flanders, the European 
targets are met (VMM, 2018). Figure 3 shows the 
variation of air quality in the city context. Due to the 
location of the building, at the interior of a building block 
and away from main traffic corridors, the mean yearly 
concentrations of PM2,5, PM10, NO2, and Black Carbon 
are below the European thresholds. Due to the location 
inside a building block and the connection to the park, the 
noise levels are deemed acceptable. 

NO2 PM2,5 
Figure 3: Mean yearly values NO2 and PM2,5 at site level 
for 2019 (VMM, www.vmm.be). Site location indicated. 

Quantitative assessment natural ventilative cooling in 
early design stage: Annex 62 Ventilative cooling 
potential tool (VC tool) analysis 
The VC tool was developed to assess the potential 
effectiveness of NVC strategies by considering building 
envelope thermal properties, occupancy patterns, internal 
gains, and ventilation needs. Other parameters, such as the 
thermal capacity of the building, are assumed to be 
sufficiently high. (Belleri and Chiesa, 2018). The main 
output consists out of the monthly and yearly potential 
comfort hours in which (0) no NVC is needed, (1) NVC 
is needed with minimum airflow rates, (2) NVC is needed 

with increased airflow rates, and (3) evaporative cooling 
is useful. Finally, the (4) residual discomfort hours are 
reported. Summer comfort is assessed through the EN 
15251:2007 Adaptive Thermal Comfort Model. Belleri 
and Chiesa (2018) compared the outputs of the VC tool 
with a building simulation model of a reference room in 
different climates. The comparison showed that the 
outputs are useful to compare the impact of different 
climates on the VCP (Belleri and Chiesa, 2018).  
Custom weather data can be used in this calculation sheet 
and hence the same values have been used as in the 
dynamic simulations (see next sections). This allows 
evaluating the performance both in current and future 
climate conditions. 
Due to modelling limitations only the north-west wing 
(park volume), which has the highest glazing ratio, is 
modelled. As this is an early-stage calculation, 
approximate values are used. 
Building data: 
• Building type: Office (load profiles of occupancy, 

lighting, and electric equipment according to PrEN 
16798-1) – Lighting power density: 5W/m2 – Electric 
equipment power density: 4W/m2 – occupant density: 
15m2/pers. 

• Envelope area: 1963m2 – Floor area 675m2 – 
Fenestration area 120m2 north-west orientation – no 
shading (only one façade can be entered. NW is the 
main glazed façade, facing parc. The other façades 
(facing the patio) have dynamic exterior shading. 

• Technical specifications: Uopaque: 0,15W/m2K – Uw: 
1,50W/m2K – g: 0,5 

• Minimum required ventilation rates: 40m3/h.pers 
Quantitative assessment natural ventilative cooling in 
developed design: Dial+ model 
In the developed design stage, building simulations have 
been performed by the architectural office with Dial+. In 
Dial+ the user is guided stepwise through the most 
important data input to create a detailed model 
(Florentzou 2012, Paule 2012, Estia 2020). The software 
is validated according to ISO 13791:2004, EN 
15255:2007 and EN 15265:2008 and uses a single-zone 
model. Natural and hybrid ventilation strategies are 
embedded, with proprietary control algorithms, which can 
be influenced in a limited way. As a driving force for the 
NV, only the stack effect generated by the difference in 
temperature is considered and wind effects are ignored. 
The neutral plane is calculated at each time step and can 
be visualised (Paule 2012). The airflow is determined 
according to the method described by Cockroft, J.P. 
(1979). By only considering the stack effect a 
conservative estimation is made of the airflow passing 
through the building in function of the indoor and outdoor 
temperature and the size and position of the openings 
(Estia, 2020). Hence the positive impact on overheating 
of the NVC is conservatively taken in account.  
Two single zone models (street volume and park volume) 
have been setup, each of these including two levels. Only 
the park volume will be further discussed as it has the 
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highest loads. This volume is connected to the street 
volume by adiabatic walls. The simplification of the two-
level volume to a single zone consisting of two levels is 
justifiable because these are interconnected by the void.  

 
Figure 4: Model of the park volume, connecting to the 

park and the patio in Dial+ 

 
Figure 5: Indication of the openable windows 

Scenarios have been simulated with different cooling 
strategies: only NVC, NVC with mechanical cooling 
(MC), and only MC. This allows assessing the impact of 
NVC on the energy consumption of MC. Due to the 
emphasis of the research, mainly cooling loads and 
cooling consumption are further discussed. 
Simulation parameters: 
Loads 
• Internal loads (profiles according to SIA-2024): 

Artificial lighting: 5 W/m2 - User equipment: 
60W/pers 

• Occupation schedule: Mon – Fri: 7h - 18h 
• Ventilation rate: 40m3/h.pers (efficiency heat 

exchanger: 83% (with summer bypass) 
Building data 
• Roof: U=0,10W/m2.K 
• Opaque walls and floors: Uopaque=0,15W/m2.K 
• Windows: Uw 1,5W/m2.K (facade) and 1,0W/m2K 

(roof) – g: 0,6 (facade) – 0,5 (roof) 
• Automatic shading on roof windows and patio side 

windows (gtot 0,15) 
Setpoints: 
• Heating: 20°C – set back: 15°C 
• VC activated when Tint > Tset+2°C and Tint > Text 
• in scenarios with mechanical cooling: cooling setpoint 

25,5°C during occupied hours 
The discomfort hours during occupied time have been 
determined according to the EN 16798-1:2019 Adaptive 
Comfort Model – Comfort category II. EN 16798-1:2019 
replaces EN 15251:2007. Two changes have been made 

in the adaptive comfort model compared to EN 
15251:2007. The lower limit of optimal operative 
temperature is 1°C lower. Secondly, the available range 
of outdoor running mean temperature is extended from 15 
to 30°C to 10 to 30°C. If the outdoor running mean 
temperature is outside this range, mechanical cooling and 
heating have to be installed. (S. Carlucci et al., 2018).  
Quantitative assessment natural ventilative cooling in 
technical design: TRNSYS model 
The whole building geometry and its context have been 
modelled. Different zones have been defined to get a more 
detailed insight into the different parts of the building. In 
the discussed Dial+ model mainly zones 1, 8 and 9 are 
omitted. 
Due to project timing and study budget constraints the 
engineering office only took the stack effect in account 
for determining the airflow through the building, as a 
conservative estimation, as in the Dial+ simulation. 
An approximative value of the airflow is calculated each 
timestep according to: 
Q = Cd x A x ((0,04(Tint-Text) x Dh)/2)0,5 (1) 
With Q (m3/s) : airflow due to stack effect, Cd : discharge 
coefficient, A (m2) = min (Atop;Abottom) and Dh (m) : height 
difference between Atop and Abottom. 
(source : Architecture et Climat, UC Louvain-La-Neuve) 

 
Figure 6: zoning in the TRNSYS model 

Simulation parameters: 
These are identical to the Dial+ simulation parameters, 
except for: 
• Airtightness: n50=1h-1 
• VC activated when Tint > 22,5°C and Tint > Text 
• VC deactivated when Tint<18°C (from half may to half 

September) and when Tint<21°C (rest of the year) 
First, only the VC has been applied in the model runs. 
Second, the mixed mode cooling strategy (NVC 
combined with MC) has been applied. The MC is applied 
by adding an air treatment of the incoming air in the 
hygienic ventilation system. The incoming air is cooled 
down to 16°C when the outdoor air is above 22°C. 
The discomfort hours have been determined according to 
(ISSO 58.2, 2003) Acceptable hours exceeding 25,5°C of 
the occupancy period are limited to 5% (i.e. 143h of 
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2860h of occupancy) and exceeding 28°C limited to 1% 
(i.e. 28h). 
Weather data  
Based on the methodology of Nik (2016), a typical 
downscaled year (TDY) and an extreme warm year 
(EWY) have been extracted from an EC-Earth driven 
convection-permitting climate model for the Belgian 
domain for an RCP8.5 climate change scenario. The 
weather files are extracted for the recent past (1976-2004) 
and for the end of the 21st century (2070-2100). The 
spatial resolution of the model (i.e. 2,8 km) allows to 
extract weather files for Uccle (50,80°N 4,36°E) and 
Leuven (i.e. the location of the building, 50,88°N 4,70°E). 
The weather files can be retrieved from Ramon et al. 
(2021a -2021h). More information about the climate 
model can be found in Ramon et al. (2020). As a baseline 
and representation of current practice, the Meteonorm 
weather data and Energyplus IWEC weather file for Uccle 
are used.  
Results 
To transparently present the results, the weather data used 
are first shown. This is followed by the results obtained 
by the three evaluation methods: Annex 62 VC Tool, 
Dial+, and TRNSYS. For each of these, the results are 
shown for the current and future climate. 
Weather data 
Figure 7 shows the monthly temperatures for the different 
weather files used in the different simulations. First, a 
clear increase between current and future climate is found 
up to 4,1°C and 5,2°C on monthly basis for respectively 
the TDY and EWY. Second, the monthly temperatures in 
Leuven are up to 0,9°C warmer than for Uccle. 

 
Figure 7: Monthly mean temperatures for different 

weather files. (Full lines: current climate, dotted lines: 
future climate) 

Annex 62 VC tool analysis 
The results of the building assessment with the different 
weather files are shown in Figure 8.  
The following trends between current and future weather 
data are visible: 

• 8% reduction in periods where no VC is required for 
a TDY and 10% for EWY 

• An augmented interest in the application of 
evaporative cooling (6-8%) 

• With the application of evaporative cooling, the 
amount of residual discomfort hours stays in the limits 
of 5%, also for future extreme weather files (i.e. 
EWY) 

• Without the application of evaporative cooling, the 
amount of residual discomfort hours stays below 5% 
for current TDYs, but reaches 10-11% for future 
TDYs. For extreme conditions, discomfort increases 
from 12-13% to 21%. 

 
Figure 8: VC modes according to Annex 62 VC Tool for 

different weather files, Current and Future climate 
Dial+ simulation 
Figure 9 shows the discomfort hours according the EN 
16798-1:2019 Adaptive Comfort model cat. II during 
occupation for the different weather files and for the 
different cooling strategies. It needs to be noted that the 
Adaptive Comfort model can only be used when no 
mechanical cooling is present. For comparison reasons 
the other cooling strategies have been added. 

 
Figure 9: Hours exceeding Adaptive Comfort cat. II 

during occupied hours 
With exception of the future EWY weather files, for all 
studied cooling strategies and for both locations, the cat II 
limits are exceeded with maximum 2% of the time, even 
without the application of evaporative cooling.  

30%
30%

22%
22%

12%
28%

20%
20%

10%

13%
13%

15%
14%

18%
14%

15%
13%

18%

53%
52%

53%
53%

49%
54%

53%
54%

51%

4%
4%

10%
11%

19%
5%

11%
12%

19%

1%
2%

1%

2%

0% 20% 40% 60% 80% 100%

Current

Current

Future

Current

Future

Current

Future

Current

Future

IW
EC

TD
Y

EW
Y

TD
Y

EW
Y

Uc
cle

Uc
cle

Le
uv
en

VC mode [0]: ventilative cooling not required

VC mode [1]: potential comfort hrs by direct ventilative cooling with minimum airflow rates

VC mode [2]: potential comfort hrs by direct ventilative cooling with increased airflow rates

VC mode [3]: potential comfort hrs with evaporative cooling

VC mode [4]: residual discomfort hrs

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
914

 
 

https://doi.org/10.26868/25222708.2021.30811



In case of the VC + MC no discomfort is reported. For the 
future EWYs, the cat II limits are exceeded 8 to 9% of the 
time for the VC cooling strategy. 
Figure 10 shows that the hours exceeding 25,5°C are, with 
the current IWEC and TDYs, limited to a maximum of 
3% of the occupied time. With the current EWY, this 
increases up to 13%. With future TDYs, 11 to 12% of the 
occupied hours exceed 25,5°C. For future EWY, this is 23 
to 26% of the occupied hours (occ. hours). 

 
Figure 10: Hours exceeding 25,5°C during occ. hours 

Figure 11 shows a maximum of 1% exceedance of 28°C 
during occupancy for the current IWEC and TDYs and 4 
to 5% for the current EWYs. A maximum of 6% 
exceedance was found for the future TDY increasing up 
to 26% for the future EWY. 

 
Figure 11: Hours exceeding 28°C during occ. hours 

The impact on the net cooling demand for the three 
cooling strategies is shown in Figure 12. For the current 
TDYs, the combination of NVC and MC versus pure MC 
leads to a reduction of 14,8 kWh/m2 (85-87% reduction). 
For the future TDYs, this leads to a reduction of approx. 
17,0 kWh/m2 (69-72% reduction). 
TRNSYS simulation 
Figure 13 shows the yearly exceedance of the operative 
temperatures in Zone 3 with only ventilative cooling. In 
the current climate, the limit is respected for the typical 
years. For the EWY, the total number of hours with 
temperatures higher than 25,5 °C exceeds the limit of 143 
hours. The simulations performed with the TDY and 
EWY extracted for the city centre of Leuven show higher 
values of exceedance hours (+23% and +13% 
respectively) caused by the higher temperatures for the 
urban location of Leuven (see Figure 7). Towards the 
future both the TDY weather files and the EWY weather 
files result in exceedance of the limit. Of course, the 
occurrence of a year as an EWY is smaller than 1 year out 
of 30. But also on monthly basis, the limit of 5% is 
exceeded in summer. 
For the files for which the comfort criterium is not met, 

simulations were again performed including mechanical 
cooling through the hygienic ventilation. Figure 14 shows 
the yearly cooling loads for these runs. 
For the future climate perspective, the TDY weather file 
shows a need of 9,4 kWh/m² and 10,6 kWh/m² for Uccle 
and Leuven respectively. The simulation with an EWY 
estimates a net cooling demand of 8,4 kWh/m² and 9,6 
kWh/m² for the current climate for Uccle and Leuven and 
22,8 kWh/m² and 25,2 kWh/m² for the future climate. It 
should be noted that for the future EWY files, the comfort 
criterium is still not met. Likely, a stricter limit for when 
the VC is allowed could solve this. 
Differences between the two locations range between 
+11% and +15% for Leuven compared to Uccle caused 
by Leuven’s urban context and linked UHI.  

Figure 13: Yearly exceedance of the operative 
temperature for Zone 3 (limited to 143h/year (red 

line) for temperatures >25,5°C) 

Figure 12: Yearly net cooling demand 
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Discussion 
The design process and the limitations of the tools 
The data input and accuracy of the three simulation tools 
are not equivalent, but they are suited and accurate enough 
for the design phase in which they are used. 
In the early design stage, the main focus lays on assessing 
whether NVC is an achievable option and on comparing 
different scenarios in casu different weather data files. 
The Annex 62 VC tool allows such evaluation. However, 
this is seen as an indicative assessment as the building is 
simplified to a box model with only single side glazing. 
The gains are offset by the needed ventilation rate and the 
outdoor climate. Although this is a quite rough 
approximation, the results are in line with the further 
analysis and allow to gain insights in the impact of the 
different weather files.  
The analysis confirms that the Dial+ modelling is well 
suited for the architectural design phase and its inherent 
dynamic design process in which several architectural 
scenarios need to be tested. Its interface and output are 
well adapted to use in an architectural practise. 
Limitations are the restricted geometric modelling. The 
Dial+ simulations have helped the architect to adjust the 
number of operable windows and the positioning. The 
skylights, which were present for daylighting, have been 
included in the NV concept to reduce the risk for backflow 
of contaminated air from the ground level to the 1st floor. 
The neutral plane calculation in Dial+ has helped to 
determine the number of operable skylights. The design 
proved to be more climate robust than the approximation 
made by the Annex 62 VC tool. Modelling of technical 
installations and controls is however limited in Dial+. 
The TRNSYS model, which has been made by the 
engineering office responsible for the HVAC, takes into 
account a broader set of parameters and allows for an 
accurate modelling of the HVAC systems. But is too 
cumbersome to use as an architectural design tool in an 
early design stage. It is fit to do the final assessment and 
the finetuning of the technical installations. But this 
degree of accuracy is not attainable for all projects, due to 
study budget and timing limitations. 

The comfort model 
The number of yearly exceedances of operative 
temperature differs to a large extent if the assessment 
considers static temperature limits, such as in the ISSO 
58.2 model, and when assessed with an Adaptive Comfort 
Model such as defined in EN 16798-1:2019. The 
application of the adaptive comfort model results in fewer 
discomfort hours. This is due to the nature of the model 
as it considers the mean outdoor temperature for defining 
the acceptable comfort limits. An appropriate definition 
of the desired comfort model will in the future be crucial 
as it influences to a great extent the technical installations 
which will be deemed necessary, their comfort setpoints, 
and hence their energy consumption (Parkinson, T. et al., 
2020). 
The relevance of NVC in current and future climate 
The studied project shows that NVC can provide 
sufficient summer comfort, even without MC, when the 
building is well designed. If MC is combined with NVC, 
the NVC can significantly reduce the consumption of the 
MC. In future climate scenarios, the use of MC is 
necessary to reach summer comfort under all conditions, 
but the absolute energy savings of combining MC with 
NVC is even bigger than in the current climate, as the 
period in the year where NVC can efficiently be applied 
to reduce the cooling load will only become longer. 
The influence of the location 
The influence of the location was found not to be 
neglectable, especially when it concerns locations that can 
be influenced by local effects such as the UHI effect. Not 
considering these effects can lead to an under- or 
overestimation. Of course, this is most important in the 
final assessment and the finetuning of the technical 
installations. In the early design phase, this will not 
change the conclusions about the possibility of NVC. 
Conclusion 
This paper discussed the suitability assessment of 
ventilative cooling in the early design phase of a building 
design through a case study of a Belgian office building 
in an urban context. Three methods were applied and 
evaluated: 1) IEA annex 62 ventilative cooling potential 
tool, 2) Dial+ simulation, and 3) TRNSYS simulation. 
Typical and extreme weather conditions were extracted 
from a high-end climate change model in this evaluation 
considering the business-as-usual weather data location 
and the location of the building. 
The quantitative assessment in three steps, which aligns 
with the different design phases, provides adequate 
feedback for guiding the design process step by step 
towards a reliable NVC design. In each step, the impact 
of different weather files on the summer comfort of the 
design could be assessed. 
The use of weather data extracted from a high-end climate 
model permits to assess the impact of local climate 
effects, such as the UHI effect. 
The impact of the comfort assessment model on the 
summer comfort assessment of current and future weather 
data is significant. While the static temperature limits 

9,4 8,4

22,8
10,6 9,6

25,2

0
5
10
15
20
25
30

Current Future Current Future

TDY TDY EWY EWY

Ye
ar

ly
 co

ol
in

g 
de

m
an

d 
[k

W
h/

m
²]

Uccle Leuven

Figure 14: Comparison of yearly net cooling demand for 
different weather files (current and future climate) for 

Uccle and Leuven.  

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
916

 
 

https://doi.org/10.26868/25222708.2021.30811



model predicts a significant worse perceived summer 
comfort in conjunction with the future weather data, the 
adaptive comfort model shows a more moderate impact. 
The choice of an adequate comfort assessment model has 
to be carefully made, as it has a significant impact on the 
predicted perceived summer comfort. 
NVC reduces the cooling demand significantly, both in 
current and future climate scenarios. The absolute 
reduction is even higher in future climate scenarios than 
for the current weather data. 
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