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Abstract 
Since climate change is considered inevitable, the importance of this phenomenon and its effect on the environment 
has increased. Furthermore, it has been reported that Passivhaus dwellings may encounter many problems due to the 
changing climate. Therefore, it is crucial to evaluate the performance of existing houses in future to identify the 
possible problems. The primary purpose of this paper is to assess different simulation methods which involve 
determining levels of thermal comfort and IAQ in a selected Passivhaus dwelling.  
Two simulation approaches, best categorised as static steady state and dynamic whole building, have been developed 
in this paper with the focus on the ventilation efficiency. The developed approaches are discussed and compared in 
three categories: 1.Input data 2. The process 3.Output data. Moreover, the possibilities and limitations raised by each 
method are outlined, and the opportunity of cupelling them through building information modelling(BIM) procedure 
was investigated. 
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1. Introduction 
This study addresses the changing climate, a growing concern which involves the building sector. 
Since performance evaluation is one of the existing approaches to reduce the possible 
contributions of building industry towards climate change, the goal of this study is to compare the 
different approaches by which researchers determine how successful particular buildings are in 
future. Moreover, this study can contribute to current studies which link climate change to 
building performance evaluation. 
The climate is changing and these changes are particularly discussed at three stages in the future: 
2030, 2050 and 2080. By 2050 in which the average annual temperature of the earth is predicted 
to rise by 1.5 C degrees and this number continues to grow up to 2-4 depending on the climate 
change scenarios: Low, Medium, High (Solomon,2007). 
The building industry is one of the responsible sectors for the changing climate, responsible for 
producing almost 30% of global greenhouse gases; This resulted in countries such as the UK to 
emphasise on producing more sustainable buildings and decrease the levels of carbon emission 
(UK Parliament,2008). However, this is not possible unless the performance of existing are 
evaluated so the designers will be able to identify the problems and propose optimised designs. 
Climate change is most harmful to occupants; therefore, this study is focused on specific elements 
that affect their lives(de Wilde & Coley,2012), in this case, thermal comfort and health level. Due 
to the predicted rise in temperature caused by climate change, obtaining a good level of thermal 
comfort can be challenging and may result in overuse of mechanical cooling equipment and 
eventually more carbon emission.Moreover, IAQ is considered necessary as it can be linked to Sick 
Building Syndrome and ultimately reduce occupant efficiency and cause health problems. 
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Ventilation is considered a huge part of the mentioned parameters, therefore, it’s important to 
analyse and improve existing building’s performance. 
 
1.1. Future Climate 
To simulate a selected model in future, the future climate data should be imported from an 
external source. In this project the Sheffield PROMETHEUS projections DSY format is used since 
this study is focused on the hottest days of the year and these projections are based on extreme 
temperatures from April to Summer. the PROMETHEUS data set is selected which is an hourly 
regional data set based on UKCP09 projections, a set of weather projections were issued in 2009 
under the name UKCP09 (the UK climate projections) by  Met Office Hadley Centre (Murphy,2009). 
It’s important to mention that none of the projections is definite, and the certainty of the data is 
affected by factors such as the accuracy of models and their ability to calculate the levels of future 
greenhouse gas emissions (Murphy,2009). 
 
1.2 Ventilation for controlling indoor air quality(IAQ) and thermal comfort  
 Ventilation is most associated with thermal comfort and IAQ. These subjects share many common 
factors. Based on CIBSE and ASHARE guides, the standards used in this project to assess the 
ventilation performance of the selected case study are summarised in Table 6. Parameters such as 
wind speed, direction and humidity can also be used for better understanding the results. In 
addition to these factors, CFD simulation is conducted to visualise the ventilation strategy and its 
performance in the dwelling. 
 

Table 2: Ventilation standards used in this study 

Parameter Requirement Comments 

CO2 Maximum 1000ppm  

Temperature 25oC> for 15% of occupied time according 
to PH standards 

25oC> for 15% + 28oC> for 10% of occupied 
time according to CIBSE and ASHRAE 

standards 

Air Exchange Rate 
Minimum 0.3 ach PHPP standard 

15 cfm per person CIBSE 

MVHR Efficiency 75% PHPP standard 

 
1.3 Passive house standards, Ventilation Strategies 
Due to environmental concerns raised recently, various standards are introduced to designers for 
more sustainable buildings. Passivhaus is a German standard which was presented by Passivhaus 
Institut (PHI) and is based on a software called Passivhaus Planning Package. PHPP is a spreadsheet 
based on rules and calculations are derived from Passivhaus for instance, standards addressing 
indoor ventilation for thermal comfort and IAQ. In summer, Passivhaus dwellings rely on natural 
ventilation or a heat recovery system in bypass mode, yet, natural ventilation is not addressed in 
PHPP. In this standard, however, the minimum  MVHR efficiency, the key for good IAQ and saving 
energy by recovering heat, is defined and checked in PHPP. In a certified house at leat, 75% of the 
heat from the exhaust air is transferred to the fresh air again using a heat exchanger (Passive 
Institute, 2016). Airtightness of the building is another factor discussed in Passivhaus standard 
ventilation tab, based on which, the uncontrolled leakage through gaps must be smaller than 0.6 
of the total house volume per hour (Passive Institute, 2016). 
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2. Methodology 
Understanding the basics of simulation can help researchers to investigate the produced outcome 
of each simulation method and determine if they are applying the right simulation method for the 
desired results (Harrell, Ghosh& Bowden, 2012). Current simulation methods can be categorised in 
different ways, however, based on the type of input data and compatibility of simulation engines 
with factors such as time and space, simulation methods are categorised as Steady State and 
Dynamic Whole-Building[(Fink & Antretter, 2014).These  approaches form the two procedures 
developed and analysed in this paper to study the performance of Passivhaus dwellings in future. 

Figure 1: Static Approach 
2.1. Approach One: Steady State 
The steady state approach is a simplified method based on average inputs, in this case, the 
weather input data. This mythology is widely used for to assess building energy demand and 
complete a certification procedure. This approach is considered static since the analysis is 
conducted on a building scale rather than zone level, this allows for faster results. The outcome is 
generated by investigating monthly heat gain and loss in the built environment. This method can 
identify problems. However, the specification of where the problematic zones are located within 
the building is not possible (Nakicenovic, N. et al, 2000), this may limit further investigations. 
Simulation procedure and the results are based on based on the location and boundary condition 
put into the software, this allows the possibility of adopting the approach to climate change by 
changing the input parameters.  

3.2. Approach Two: Dynamic whole-building 

Risk of Overheating HVAC Efficiency 

PHPP 

Building Details 

Average air flow 
rate 

PROMETHEUS 
weather Data  

Calculate the 
monthly average 

Assign weather 
data to model 

Figure 2: Dynamic Approach 



 

This approach does not follow a holistic path and has the capacity of analysing each zone 
separately; therefore, this method is considered dynamic. Detailed modelling of building 
components is necessary to achieve a simulation-ready multi-zone model. By simulating this 
dynamic model, one can calculate hourly indoor climate and energy demand (Fink & Antretter, 
2014). In this approach, the indoor environment is analysed according to outdoor weather 
conditions based on the project location. Although the simulation tools contain a range of 
predefined locations, in order to conduct simulations for future climate, other localized climate 
data should be inserted into the simulation tool. Moreover, many dynamic simulation tools can 
simulate single building elements which can be an asset for resilience strategies (Fink & Antretter, 
2014). 
 
2.3. Case study: Archer Lane 
This project is a real-time project located in Sheffield, U.K. This house is not a certified Passivhaus 
dwelling; however, Passive standards were considered during design and specification and is not 
currently occupied while it is still under construction. 
 

Table 3: Steady State Approach/Case Study: PHPP Results 
year 2016 2030 2050 

Scenario N/A Meduim High Medium High 

Overheating Frequenct 32% 49% 48% 53% 52% 

MVHR Efficiency 92.3% 92.3% 92.3% 92.3% 92.3% 

Air Flow Rate 108 108 108 108 108 

Air Change Rate 0.38 0.38 0.38 0.38 0.38 

 
 
 
 
 
 
 
 
 

 
 

Figure 3: Leonardo Localized weather data Visualisation:  CO2 Projections for 2016,2030 &2050 
 

 
 

Figure 4: Leonardo Visualisation: Site CO2 Projections 



 

 
3. Discussion and conclusion 
The final step in this paper is to compare the dynamic and static proposed approaches in three 
stages: 1.input data 2. The process 3. the outcome and identify the limitations and potentials of 
each method. 

Table 4: Discussion parameters 
Parameters Static Approach Dynamic Apprach 

The Input: • Building Detail Level Detailed Detailed 

• Building Modelling 
Required 

for Design Builder and Envi-
met 

Optional 

• weather data Type monthly average hourly 

• UKCP09 scenarios Medium High/ Medium 

The Process: • Computational intensity High Low 

• Time  
Time consuming specially for 
localising the weather data Instant results 

• applicability For all Buildings Only for passive projects 

• Considering effect of project on 
site climate 

Yes N/A 

• Localised Weather Data Yes N/A 

The Output: • Visualisation Leonardo/CFD N/A 

• IAQ 
Considered through Air flow 

rates and CFD results 
Air flow and exchange rates 
*not linked to climate data 

• Thermal Comfort 
Indoor Temperature levels 

and CFD results Overheating Frequencies 

• Natural Ventilation Yes Yes 

• Mechanical Ventilation Yes Yes 

• Ventilation Strategies Yes through CFD outputs N/A 

 
• The Input: Both the static and dynamic approaches are based on user inputs. A significant level 

of detail is required for both approaches. However, for the dynamic method, such information 
as dimensions is needed in addition to u-values and materials. What makes these methods 
different at this stage is the format of climate inputs, the static approach is based on monthly 
averages in oppose to the dynamic method which is hourly based.  

• The Process: PHPP follows a simplified simulation process which is based on average values. This 
approach is not computationally intensive, and the results are generated instantly. In contrast, 
dynamic simulations take more time depending on the complexity of the project, and this can 
affect the length of simulation time. One other parameter that affects the dynamic process is 
localisation of weather data. Env-met is a computationally intensive simulation tool, a one day 



 

period simulation can take up to weeks to complete. This stage is not possible in static method 
due to the average based input format. Ultimately the climate localisation can affect the 
accuracy of final results. 

• The Output: As it was evident from the case study results, the static approach ventilation 
related outputs are not linked to the climate data and are defined by other user inputs. The air 
flow and change rate can be used to evaluate general IAQ. Although the overheating frequency 
results can indicate chances of discomfort, comprehensive evaluation of indoor environment is 
not possible. The dynamic method, however, results in actual data such as temperature, CO2 
and air flow rates. These results can be used to calculate the IAQ and thermal comfort levels. 
Moreover, the visualisation of air velocity and temperature, the CFD results, can help analysing 
the ventilation strategies and elements. 

To achieve an efficient ventilation strategy in future climate the design, specification, installation, 
usability of the ventilation components is critical. The dynamic simulation provides designers with 
the desired information; however, this procedure can be time-consuming and computationally 
intensive, this calls for a simplified approach, static, to first identify whether there is a chance of 
ventilation inefficiency. Many projects may not be subjected to any problems; therefore, dynamic 
simulations won't be required. However, for other projects, the results from this static method can 
be used as an input for the dynamic simulations through which designers can identify the 
problematic zones and elements and solve them. 
 
4. Future Research: Coupling two methods 
In this paper, two approaches were discussed separately and potentials and limitations of each 
method were outlined. However, the evaluation of static and dynamic method was limited to how 
they address ventilation efficiency assessment in buildings and by addressing more building 
performance measures, a more comprehensive evaluation is possible. The full understanding of 
each method can create grounds for developing an integrated approach for building performance 
evaluation suitable for climate change. Building Information Modelling (BIM) technology is a 
process through which projects can be linked to dynamic simulation software such as Design 
Builder and at the same time be assessed by Passivhaus standards. The current state of BIM 
development may not be enough to cover the climate change issues. 
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