
 

 

Prescient building Operation utilizing Real-Time 

data for Energy Dynamic Optimization 

 

WP3 – Interoperable dynamic module integration in  

multi-simulation dataspace 

 

D3.4– Indoor-outdoor correlation 

module 

Version 1 

 

Issue date:   M18 - 25/05/2022 

Author(s):   May Zune and Maria Kolokotroni (BUL) 

Editor:    Maria Kolokotroni (BUL) 

Lead Beneficiary: Partner 7 – BUL  

Dissemination level:  Public  

Type:   Report  

Reviewers:   Francois Veynandt (FB), Georgios Siokas (LIBRA) 

 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under Grant 

Agreement N° 958345 



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 2 of 149 

 

EXPLANATIONS FOR FRONT PAGE 

Author(s): Name(s) of the person(s) having generated the Foreground respectively having written the 

content of the report/document. In case the report is a summary of Foreground generated by other 

individuals, the latter has to be indicated by name and partner whose employee he/she is. List them 

alphabetically. 

Editor: Only one. As formal editorial name only one main author as a responsible quality manager in case 

of written reports: Name the person and the name of the partner whose employee the Editor is. For the 

avoidance of doubt, editing only does not qualify for generating Foreground; however, an individual may 

be an Author – if he has generated the Foreground – as well as an Editor – if he also edits the report on its 

Foreground.  

Lead Beneficiary of Deliverable: Only one. Identifies the name of the partner that is responsible for the 

Deliverable according to the PRELUDE Description of Work (DOW). The lead beneficiary partner should be 

listed on the front page as Authors and Partner. If not, that would require an explanation. 

Internal Reviewers: They should not belong to the authors. They should be any employees of the 

remaining partners of the consortium, not directly involved in that deliverable, but should be competent 

in reviewing the content of the deliverable. Typically, this review includes identifying typos, identifying 

syntax and other grammatical errors, altering content, and adding or deleting content. 

 

 

 

 

  



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 3 of 149 

 

PRELUDE KEY FACTS 

Project Title  Prescient building Operation utilizing Real-Time data for Energy Dynamic 
Optimization 

Starting date 01/12/2020 

Duration in months  42 

Call (part) identifier H2020-NMBP-ST-IND-2020-singlestage 

Topic  LC-EEB-07-2020, Smart Operation of Proactive Residential Buildings (IA) 

Fixed EC Keywords  - 

Free Keywords  Free running, model-based predicted control, dynamic building 
simulation, demand-side flexibility, proactive buildings, predictive 
maintenance, occupancy models, smartness assessment 

Consortium  21 organisations 

PRELUDE CONSORTIUM PARTNERS 

Participant organisation name Country 

1 AALBORG UNIVERSITET DK 

2 TAMPEREEN KORKEAKOULUSAATIO SR FI 

3 ASOCIACIÓN DE INVESTIGACIÓN METALÚRGICA DEL NOROESTE  ES 

4 POLITECNICO DI TORINO  IT 

5 FORSCHUNG BURGENLAND GMBH  AT 

6 UNISMART - FONDAZIONE UNIVERSITÀ DEGLI STUDI DI PADOVA IT 

7 BRUNEL UNIVERSITY LONDON  UK 

8 EMTECH DIASTIMIKI MONOPROSOPI IDIOTIKI ETAIREIA EL 

9 CORE INNOVATION AND TECHNOLOGY OE EL 

10 ESTIA SA  CH 

11 EUROCORE CONSULTING  BE 

12 IREN SMART SOLUTIONS SPA IT 

13 LIBRA AI TECHNOLOGIES PRIVATE IDIOTIKI KEFALAIOUCHIKI ETAIREIA EL 

14 STAM SRL  IT 

15 LA SIA SRL  IT 

16 TREE TECHNOLOGY SA  ES 

17 1A INGENIEROS S.L.P  ES 

18 DIMOS ATHINAION EPICHEIRISI MICHANOGRAFISIS  EL 

19 BLOK ARCHITEKCI SPOLKA Z OGRANICZONA ODPOWIEDZIALNOSCIA PL 

20 CAISSE DE PREVOYANCE DE L'ETAT DE GENEVE CH 

21 INNOVACION Y CONSULTING TECNOLOGICOSL  ES 

 

DISCLAIMER 

Copyright © 2020 – 2024 by PRELUDE consortium 

Use of any knowledge, information, or data contained in this document shall be at the user’s sole risk. 

Neither the PRELUDE Consortium nor any of its members, their officers, employees, or agents shall be liable 

or responsible, in negligence or otherwise, for any loss, damage, or expense whatever sustained by any 

person as a result of the use, in any manner or form, of any knowledge, information or data contained in 

this document, or due to any inaccuracy, omission or error therein contained. If you notice information in 

this publication that you believe should be corrected or updated, please get in contact with the project 

coordinator. 

The authors intended not to use any copyrighted material for the publication or, if not possible, to indicate 

the copyright of the respective object. The copyright for any material created by the authors is reserved. 

Any duplication or use of objects such as diagrams, sounds, or texts in other electronic or printed 

publications is not permitted without the author’s agreement.  



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 4 of 149 

 

 

EXECUTIVE SUMMARY 

The indoor-outdoor correlation module predicts hourly internal environmental conditions from ambient 

climatic conditions using correlations developed through dynamic thermal and indoor air quality (IAQ) 

modelling that was investigated from the models for the five locations of the PRELUDE pilot buildings. The 

predicted internal environmental conditions are: IAQ (internal contaminants of carbon dioxide-CO2, volatile 

organic compounds-VOC, particular matter-PMs, and moisture), thermal (operative temperatures), and 

visual comfort (natural illuminance). Acoustical comfort is also considered, based on the noise rating of 

installed fans. 

A climate study was carried out for the five PRELUDE locations to show how external conditions impact 

internal comfort based on bioclimatic rules; this includes the external weather parameters affecting internal 

comforts, such as air temperature, relative humidity, and solar radiation, wind speed, and wind direction.  

The five developed models, one for each PRELUDE pilot, consist of a single-zone geometrical model with 

a typical schedule of activities, with construction to correspond to the materials of the external envelope 

elements of each pilot and weather file of each location. These models were used for a large number of 

simulations to predict internal conditions which were used to derive linear and polynomial correlations with 

external climatic conditions. The simulations were carried out using the well-established software programs 

of EnergyPlus and CONTAM. The coefficient of determination (R2) which measures the strength of 

correlation between outdoor climatic parameters and indoor condition parameters was achieved above 0.7 

in selected pairs of parameters that indicate strong correlations between internal operative temperature 

(thermal comfort) and external air temperature, internal natural illuminance (visual comfort) with global 

solar radiation, and airflow rate (used to predict internal contaminants) with wind speed and the inverse of 

temperature differences between outdoor climates and indoor conditions.  

Thermal comfort is predicted using the correlations between internal and external temperatures and 

evaluated using the adaptive thermal comfort model to determine whether comfort is achieved.  Visual 

comfort is predicted hourly using the correlations between internal illuminance and global solar radiation 

and thresholds of glare are used to determine whether visual comfort is achieved.   

Internal air quality is predicted using the correlation between outdoor dry bulb temperatures, wind speed, 

and an airflow rate of the models which predicts the achieved air change per hour through the openings. 

This prediction is used to calculate internal contaminants of CO2, VOC, PM2.5, and moisture. These are then 

compared to thresholds for each contaminant to determine whether acceptable indoor air quality is 

achieved.  

The correlations –polynomial equations– for all pilot locations have been defined and presented in this 

report, together with the equations necessary to predict comfort conditions. An example of how 

correlations can be used is also presented.  

The indoor-outdoor correlation module can be used to forecast internal environmental conditions so that 

actions can be implemented by the users to achieve optimum comfort and IAQ. They can also be used to 

indicate suitable retrofit measures to improve existing environmental conditions.  
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1 INTRODUCTION 

1.1 Report’s Objective 

This report outlines the development of the indoor-outdoor correlation module carried out under task T3.4 

and presents the derived correlations for the five PRELUDE pilot buildings in Geneva (Switzerland), Turin 

(Italy), Krakow (Poland), Athens (Greece), and Ry (Denmark). Egernsund, which is near to Ry with similar 

ambient conditions, was excluded in this report. The indoor-outdoor correlation module predicts hourly 

internal environmental conditions from ambient climatic conditions using correlation studies. The 

correlation analysis was developed through dynamic thermal and IAQ modelling based on the developed 

simplified models for the five PRELUDE pilot buildings. The predicted internal environmental conditions are 

IAQ (internal contaminants of CO2, VOC, PM, and moisture), thermal comfort (operative temperatures), and 

visual comfort (natural illuminance). Acoustical comfort is also considered based on the noise rating of 

installed fans. 

1.2 Report’s Outline  

The report consists of 5 sections and 3 appendices:  

• Section 1: The introduction section provides the objectives and structure of the report 

• Section 2: The development of the indoor-outdoor correlation module describes the climatic 

characteristic of the PRELUDE case study locations and the methodology of the work 

• Section 3: Description of the indoor-outdoor correlation module describes the process of the 

module and presents simulation experiments and evaluation methods 

• Section 4: The module and its application to PRELUDE pilot locations, presents the correlation 

results and their applicability in the prediction of indoor conditions 

• Section 5: The conclusion section provides the discussion and further implementations 

• Appendix A: The references used for the study are listed 

• Appendix B: Climate study presents the results of the bioclimatic study for the five PRELUDE pilot 

locations 

• Appendix C: Simulation model and correlation charts presents further details of the simulation 

models and examples of all derived correlations charts for five pilot locations.  

Further information on the sections is listed below. 

Section 2 describes the development of the indoor-outdoor correlation module. It starts with a climate 

study of the five PRELUDE locations to show how external conditions impact internal comfort based on 

bioclimatic rules. It continues with a detailed description of the five developed models, one for each 

PRELUDE pilot; these models were used for simulations to derive the correlations with external climatic 

conditions. The inputs for each model are presented concerning the constructions of the external envelope 

elements, the schedules of the operation, and the weather files used.  

Section 3 describes the indoor-outdoor correlation module and presents the correlations as well as the 

equations to be used to derive internal conditions. IAQ evaluation is based on ventilation (airflow rate) 

correlations from which internal contaminants levels are calculated based on equations presented in 

section 3.1. Ventilation is determined based on correlation with external wind and temperature conditions.  

Visual comfort evaluation, presented in section 3.2 is based on hourly correlations with global solar 

radiation which determine internal natural illuminance levels. Thermal comfort evaluation is done by 

predicting internal operative temperature using correlations with external air temperature. The internal 

operative temperature is used to predict internal thermal comfort based on adaptive thermal comfort 

equations presented in section 3.3. Finally, acoustical comfort considerations are presented in section 3.4. 

This is based on internal noise sources through fans; noise annoyance from external sources was not 

considered as these are not related to climatic conditions.  
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Section 4 presents the correlation equations and the coefficients of determination (R2) which comprise the 

indoor-outdoor correlation module for each of the five PRELUDE pilot locations and outlines how to use 

them. At the end of the section, an example with the PRELUDE pilot in Krakow is given. 

2 DEVELOPMENT OF THE INDOOR-OUTDOOR CORRELATION MODULE  

This section describes how the model correlating indoor environmental conditions to outdoor (climatic) 

conditions was developed. Section 2.1 presents an analysis of the climate for the five locations of the 

PRELUDE pilots while section 2.2 describes the thermal model developed for the simulations from which 

correlations were derived.  

2.1 How External Conditions Impact Internal Comfort – Bioclimatic Analysis 

Figure 2-1 presents the four indoor environmental conditions which are sensed by occupants and impact 

their comfort. These conditions are air quality (sensed by the nose), thermal comfort (sensed by the skin), 

visual comfort (sensed by the eyes), and acoustical comfort (sensed by the ears). The resulting 

environmental conditions are affected by the occupants themselves (how they use the building), by the 

building itself (geometry and thermal characteristics), and by the installations (which provide heating, 

cooling, and lighting). All these would affect how much energy the building needs so that comfort is 

maintained for the occupants. In addition, and quite importantly, the climatic conditions surrounding the 

building will also impact the results concerning its internal environmental conditions and energy demand. 

 
Figure 2-1 Factors related to indoor air quality and comfort via building, climate, occupants, and energy 

consumption 

A climatic analysis was carried out for the five locations of the PRELUDE pilots to understand and show 

variations and how these might impact the internal environment. Figure 2-2 presents the pilot's locations 

of the PRELUDE buildings (from north to south latitudes) which are analysed in this deliverable. Whilst the 

study for Egernsund was not included in this report as both Ry and Egernsund are found to be the same 

Koppen climate classification with similar ambient conditions. Table 2-1 presents the Koppen climate 

classification system and representation of the three different European climates as defined by the 

European Commission Recommendation in 2016 (Commission Recommendation, 2016). 

Table 2-1 Climates of the PRELUDE Pilot building’s location. 

City, Country Koppen Climates European climates 

Ry, Denmark Cfb (mild temperate, fully humid, warm summer) Nordic 

Krakow, Poland Dfb (snow, fully humid, warm summer) Continental 

Geneva, Switzerland Cfb (mild temperate, fully humid, warm summer) Continental 

Turin, Italy Cfa (mild temperate, fully humid, hot summer) Continental 

Athens, Greece Csa (mild temperate, dry summer, hot summer) Mediterranean 
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Figure 2-2 Map with PRELUDE Pilot building’s location. 

Bioclimatic charts (Olgyay, 1963) can be used to show which passive and active strategies might be more 

important to consider first for one climate. For the bioclimatic chart (Figure 2-3), we used the Climate 

Consultant software (United States Department of Energy, 2017) to examine the climatic conditions of the 

five PRELUDE pilot locations. The typical weather files were sourced using Meteonorm (Meteotest, 2020),  

which contains typical weather years spanned from 2000 to 2010. Figure 2-4 to Figure 2-8 present the 

results of the bioclimatic study for the PRELUDE buildings location used in this study. 

This bioclimatic study shows that heating is essential for all locations ranging from 20.5% of the hours 

during the year for Athens to 66.8% for Ry. Internal and solar gains can help establish thermal comfort 

ranging from 39.4% in Krakow to 54.1% in Athens. Cooling and possibly dehumidification are needed in all 

locations, but the need is smaller than heating, ranging from 1% in Ry to 11.9% in Athens. Sun shading is 

also important to reduce cooling requirements ranging from 0.7% in Ry to 14% in Athens. Finally, comfort 

can be achieved in a free-running mode ranging from 3.7% of annual hours in Ry to 21.4% in Athens.  

 

Figure 2-3 Olgyays and Givoni’s ‘classic’ bioclimatic charts showing which strategy should be used to 

maintain comfort [Source: (Olgyay, 1963)] 

https://meteonorm.com/en/
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Figure 2-4 Bioclimatic chart of Geneva pilot building’s climate. 

 

Figure 2-5 Bioclimatic chart of Turin pilot building’s climate. 
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Figure 2-6 Bioclimatic chart of Krakow pilot building’s climate. 

 

Figure 2-7 Bioclimatic chart of Athens pilot building’s climate. 



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 18 of 149 

 

 

Figure 2-8 Bioclimatic chart of Ry pilot building’s climate. 

Figure 2-9 shows the average monthly climatic variables for the five locations. Apart from outdoor dry-

bulb temperature, it shows that relative humidity is highest in Ry and lowest in Athens while solar radiation 

is highest in Athens followed by Geneva and Turin, and the lowest in Krakow and Ry. The availability of 

solar radiation can also be seen visually in Figure 2-10 which presents hourly solar radiation throughout 

the year. The wind is highest in Ry and lowest in Turin and this has an impact on natural ventilation 

strategies. At the same time, wind direction is important; for example, is consistent in the case of Geneva 

facilitating easier application of natural ventilation through openings.  

  

  

 
Figure 2-9 Climatic variables and wind direction for the PRELUDE pilot building locations. 
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Figure 2-10 Hourly Solar radiation in the five PRELUDE pilot locations. 

The requirements for heating and cooling can also be seen in the form of heating and cooling degree days 

as shown in Figure 2-11. Ry has the highest requirement for heating and the lowest in cooling, followed 

closely by Krakow, while Athens has the lowest requirement for heating and the highest for cooling. The 

full climatic study carried out can be found in Appendix B. 

 

Figure 2-11 Heating and Cooling Degree Days for the five PRELUDE pilot building locations. 
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2.2 Method 

This study presents the development of the indoor-outdoor correlation module encompassing the impacts 

of Continental, Mediterranean, and Nordic climates on the correlation analysis through dynamic thermal 

and IAQ modelling. 

The indoor-outdoor correlation module across all PRELUDE pilot locations was developed from three-stage 

processes of - 

i. simulation experiments using EnergyPlus and CONTAM simulation engines, 

ii. correlation studies to develop prediction equations, and  

iii. evaluation methods to validate the correlation equations.  

Section 2.2.1 presents the characteristic of the simulation model used in EnergyPlus and CONTAM in terms 

of model geometry, window locations and size, occupancy, internal floor area, and internal air volumes. 

The same typical weather files, which were used in the bioclimatic study (section 2.1), were used for 

EnergyPlus and CONTAM simulation experiments. 

Section 2.2.2 presents the input data for all simulation sets investigated in this study including the 

assumption of building envelope material properties based on all pilot buildings. In order to understand 

the contribution of building envelope locally used in the PRELUDE pilot cities, the building materials 

properties of PRELUDE pilot buildings were gathered and applied in the simulation studies.  

Section 2.2.3 presents the simulation scenarios used in EnergyPlus and CONTAM studies. In order to 

compare the results from EnergyPlus and CONTAM studies, the simulation input data and scenarios were 

shared between the two simulation engines. 

Section 2.2.4 presents how the correlation parameters were selected for comparison and further 

investigation in this study.  

Following the simulation experiments, the correlation studies were developed by investigating the 

relationships between the climatic parameters and indoor condition parameters. The correlation models 

were evaluated by comparing the results of linear and polynomial correlation equations from the scatter 

plots with the adaptive thermal comfort equations and single-zone mass balance equations. 

2.2.1 The geometry of simulation models 

The focus of this report was to investigate the relationships between outdoor climatic parameters and 

indoor thermal and IAQ-related parameters without controlling or manipulating any of them. Therefore, a 

simple box-shaped model was introduced across pilot sites that allowed us to observe the impact of 

outdoor climatic parameters on the indoor environment. Whilst shading has a significant impact on 

daylight correlation, internal blinds shading was introduced across all PRELUDE pilot locations. In addition, 

the overhang shading was considered for Athens to meet its requirements of solar shading for passive 

cooling. A series of simulation sets were generated using EnergyPlus  (United States Department of Energy, 

2001) and CONTAM software  (NIST, 2012). Figure 2-12 presents the shape of EnergyPlus simulation models 

and shading scenarios while Figure 2-13 presents a typical plan of COMTAM models for all pilot locations.  

According to the BS EN 16798-1, the occupant density for a residential apartment is about 28.3 m2/person, 

which was roughly assumed in this report. A squared plan with a 6m x 6m x 3m box-shaped model with a 

footprint of 36m2 was considered for a single-occupancy studio unit. Fixing the internal measurements 

across all models could be an option; however, each pilot site might have different requirements for 

occupancy density. Furthermore, adding interior insulation is often assumed to be a cost-effective retrofit 

action despite it could reduce usable space. Hence, the external measurement of the model was fixed for 

all PRELUDE pilot locations considering the ease of modelling processes which affect the number of 

simulations used in this study. Therefore, the internal floor area and internal air volume of the models were 

https://energyplus.net/
https://www.nist.gov/services-resources/software/contam
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varied across all pilot locations due to different assumptions on building envelope construction and 

material properties. Unlike the EnergyPlus simulation model, the thicknesses and material properties of the 

building envelope were not defined in the CONTAM models. However, the total area of the model was set 

consistently between the two simulation engines for each pilot study. Table 2-2 presents the measurement 

of internal floor area and air volume for each pilot location. Simulation input for contaminants generated 

from species was discussed in section 2.2.2. 

The performance of a unit could vary according to the ratio of unit length and unit width; therefore, it is 

essential to compare a square plan (6m length x 6m depth) and a rectangular plan; then their impacts on 

the indoor environment can be observed. Moreover, the location of the window on the long and short 

sides of a rectangular plan affects the ventilation. Therefore, an elongated unit plan (i.e., a rectangular plan 

unit where a window can open on a long side, 9m length x 6m depth) and a deep plan unit (i.e., a 

rectangular plan unit where the window can open on a short side, 6m length x 9m depth) were introduced 

to compare with a squared plan.  

Single-sided ventilation was considered through the use of a window, which had a 1.2m x 3m (3.6 m2) area, 

and 20% of the window glazing area was considered for openable window area. A small window with 0.5m 

x 0.3m (0.15 m2) was then introduced to compare the different impacts of single-sided and cross-

ventilations.  Table 2-3 presents the measurement of model assumptions for all pilot locations.  

  
 

A model without shading A model with internal blinds A model with overhand shading 

All pilot locations All pilot locations Only in Athens 

Figure 2-12. The shape of the model and shading scenario used in EnergyPlus simulation models 

 
Figure 2-13. A typical plan of COMTAM models for all pilot’s locations 
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Table 2-2. The measurement of internal floor area and air volume for each pilot location 

 Location Model (internal measurement) Internal floor area (m2) Internal air volume (m3) 

Geneva 5.24m x 5.24m x 2.6 m  27.5 71.4 

Turin 5.65m x 5.65m x 2.8 m  29.6 82.8 

Krakow 5.24m x 5.24m x 2.69 m  27.6 73.7 

Athens 5.56m x 5.56m x 2.78 m  30.9 85.9 

Ry 5.13m x 5.13m x 2.46 m  26.4 64.9 

 
Table 2-3. The measurement of model assumptions for all pilot locations 

Model Parameters Values 

A square plan model (external measurement) 6m x 6m x 3m box shape unit  

An elongated, rectangular plan model –  

a window can open on the long side 

9m (length wall with a window) x 6m x 3m unit  

A deep, rectangular plan model, a window can 

open on the short side 

6m (length wall with a window) x 9m x 3m unit  

Window opening (for single-sided ventilation) 1.2m x 3m (3.6 m2) 

Window (for cross-ventilation) 0.5m x 0.3m (0.15 m2)  

Number of occupants One 

 

2.2.2 Simulation input data 

For thermal and IAQ simulation with EnergyPlus and Radiance simulation engines, it is important to 

define: 

• time steps for interaction between thermal zones and the environment 

• data to calculate combined heat and mass transfer, and 

• internal and external shading obstructions and daylighting features for illuminance and glare 

calculations 

EnergyPlus and CONTAM simulations were performed for five PRELUDE pilot locations. Typical weather 

files for both simulation engines were obtained from the Meteonorm (Meteotest, 2020), which contain 

outdoor dry-bulb temperature, relative humidity, wind speed, wind direction, solar radiation, and solar 

illuminance levels. Both EnergyPlus and CONTAM simulation sets were run using the same typical weather 

files used in the bioclimatic study (Section 2.1), while EnergyPlus used EPW file format and CONTAM used 

WTH file format. 

The schedule for occupant presence, window opening hour, and the operation time for heating, lighting, 

and equipment were defined in the simulations using hourly fractions from 0 to 1; 1 represents the schedule 

is fully operated for the whole one hour. The daily schedule used in EnergyPlus and CONTAM simulation 

models is shown in Figure 2-14 and Table 2-6. It can be seen graphically that the heating was turned off 

when the windows were opened. The simulation scenarios presented in section 2.2.3 were then defined 

using building schedules – heating and cooling, ventilation, appliance, lighting, occupancy, as well as 

cooking, cleaning, and bathing. In CONTAM simulation studies, the usage of cooking, cleaning, and bathing 

schedules were added to investigate contaminant concentration. 

In order to calculate the combined heat and mass transfer process between outdoor and indoor 

environments, the heating and cooling setpoints, ventilation setpoint for window opening, outdoor CO2 

concentration, and internal gains values, which are shown in Table 2-4, were assigned to all EnergyPlus 

simulation models. For a naturally ventilated condition, according to the adaptive thermal comfort model, 

the acceptable operative temperatures are approximately between 18°C to 24°C, while the prevailing mean 

outdoor temperature is greater than 10°C and less than 33.5°C  (ANSI/ASHRAE Standard 55-2013, 2013). 

https://meteonorm.com/en/
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In this study, the ventilation setpoint to open a window was considered at 22°C of operative temperatures. 

Although the ventilation setpoint was fixed at 22°C of indoor operative temperatures while the prevailing 

mean outdoor temperatures are acceptable range, the value of the ventilation setpoint which affects the 

ventilative cooling comfort zone could be adjusted for summer and winter comfort zones (Emmerich, Dols 

and Axley, 2001) (ASHRAE, 1997). 

Carbon dioxide in the building is mainly generated from the human metabolism, and the indoor air CO2 

concentration is varied by fresh-airflow rate, the number of people present, their specific rates of CO2 

production, and occupants' activity. On the other hand, the outdoor ambient CO2 levels are around 350 to 

400 ppm  (ASHRAE, 2009), which is required to be considered if CO2 is widely used as an indicator of indoor 

air quality. Hence, the ambient CO2 concentration of 400 ppm was considered in both EnergyPlus and 

CONTAM simulations. For sedentary (1.2 met) adult persons, the CO2 generation is about 0.005 L/s/person  

(ASHRAE, 2009), which was considered in this study; however, this value does not apply to children or non-

sedentary adults. 

The envelope airtightness values were assumed in both simulation engines based on the discharge 

coefficient, flow exponent, and pressure differences of leakage and openings. The assumption of building 

envelope material properties was made based on the construction of the PRELUDE pilot buildings, and the 

data were collected from PRELUDE project partners. The U-values used in EnergyPlus simulation models 

are shown in Table 2-5. Detailed information on materials properties for each pilot model is presented in 

Appendix C, Section 8.1.  

 

Figure 2-14. The daily schedule used in EnergyPlus and CONTAM simulation models 

Contaminant analyses were performed for occupant-generated carbon dioxide, volatile organic 

compounds, formaldehyde, particulate matter, and water vapour from indoor sources while the assumption 

of outdoor concentrations was added as initial values. In order to calculate hourly contaminant 

concentration according to the building schedule, the generation rate of contaminants shown in Table 2-6 

was used in the CONTAM studies. Regarding the infiltration, following the CONTAM case studies that were 

prepared for the National Institute of Standards and Technology (NIST), the stack effect was captured in 

the CONTAM by dividing exterior wall leakage into three portions, representing the lower third, middle 

third, and upper third of each wall  (Ng et al., 2012). Temperature differences between indoors and outdoors 
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could be varied by air change per hour. Therefore, hourly internal temperatures of the defined zone were 

considered in the CONTAM simulation based on the results of the EnergyPlus simulation. The properties 

of contaminants and internal temperature assumptions used in CONTAM studies are presented in Table 

8-7 and Table 8-8 of Appendix C, section 8.2.  

Table 2-4. Simulation input data used in EnergyPlus simulations 

Simulation Parameters Values References 

Heating setpoint 20°C (for Category II); Heating control 

by schedule 

 (BS EN 16798-1, 2019) 

Cooling setpoint 28°C (for Category II); No cooling 

application 

 (BS EN 16798-1, 2019) 

Ventilation setpoint for 

adaptive comfort 

22°C  (ANSI/ASHRAE Standard 

55-2013, 2013) 

Outdoor ambient CO2 

concentration 

400 ppm  (ASHRAE, 2009) 

Metabolic - Activity Metabolic rate 130W (approximately 

1.2 met) per person 

 (ASHRAE, 2009)  

CO2 generation rate 0.005 L/s per person  (ASHRAE, 2009)  

Internal gain 3 W/m2 for power density residential, 

apartment 

 (BS EN 16798-1, 2019) 

Table 2-5. U-values used in EnergyPlus simulation models 

U value (W/m2-K) Roof Wall Floor Window 

Geneva 0.148 0.167 0.387 0.982 

Turin 2.168 1.46 1.011 3.094 

Krakow 0.359 0.29 0.346 2.552 

Athens 0.647 1.96 0.735 2.552 

Ry 0.09 0.15 0.085 0.541 

Table 2-6. Summary of generation rates for contaminants used in CONTAM studies  

Source Species Generation 

rate 

Multiplier Schedule Reference 

Occupants CO2 0.005 L/s per 

person 

1 BSEN Occupancy (or) 

Full occupancy 

 (BS EN 16798-1, 

2019) 

Room VOC - Toulene 0.0258 

mg/h/m2 

Room Area Continuously  (Hodgson et al., 

2000) 

Room Formaldehyde 0.031 

mg/h/m2 

Room Area Continuously   (Solal et al., 2008) 

Furniture VOC - Toulene 0.82 mg/h 1 Continuously   (Ho et al., 2011) 

Bathing Water Vapour 2.4 kg/h 1 15 min - morning  (ISSE, n.d.) 

Cooking Water Vapour 0.0833 kg/h 1 6 min – morning, 

12 min – evening 

 (ISSE, n.d.) 

Cooking PM2.5 964.8 mg/h 1 6 min – morning, 

12 min – evening 

 (Kang et al., 2019) 

Cleaning Formaldehyde 0.005 mg/h 1 15 min - evening (Solal et al., 2008) 
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2.2.3 Simulation scenarios 

This simulation exercise carried out aimed to compare the impacts of passive design measures such as 

orientations, window openable areas, ventilation modes (single-sided and cross-ventilation), occupancy 

schedules, and the ratio of unit length and width.  

For the EnergyPlus simulation studies, a total of twelve scenarios were defined under four groups based 

on ventilation, building operation schedule, and model sizes.  

Table 2-7 describes all scenarios used in the EnergyPlus simulation studies for all PRELUDE pilot locations. 

The first group represents a base scenario without natural ventilation. Hence, in the first group, ventilation 

was applied only from infiltration for air change as windows were closed, and heating was operated 

continuously with a set point of 20°C throughout the year.  

In the second group, the window was opened for two hours from 09:00 to 10:00 and 17:00 to 18:00 if the 

outdoor temperature was above 22°C at that time. During the window opening time, the heating was not 

applied because heating setpoints were set at 20°C for all groups. The widow was closed at the other time 

despite daytime temperature reaching above 22°C, which can be found in the summertime. South-facing 

window scenario was tested for the second group. Heating was turned on in the second group from 06:00 

to 09:00, 10:00 to 17:00, and 18:00 to 23:00. Hence, the results of the second group represent a scenario 

with summertime ventilation. A model with the south-facing window was tested for the second group, but 

this scenario for summertime ventilation only was later removed from the correlation equation due to its 

weak correlation result; therefore, other orientations were not tested.  

In the third group, ventilation was applied for two hours from 09:00 to 10:00 and 17:00 to 18:00 by the 

opening window without temperature limits. During window opening hours, the heating was turned off 

despite the lower outdoor temperature at that time, and the heating was operated again when the window 

was closed. Heating was turned on in the second group from 06:00 to 09:00, 10:00 to 17:00, and 18:00 to 

23:00. The effects of orientations, which could impact wind direction and solar hour, were tested from four 

cardinal directions – North, East, South, and West – by placing a window for single-sided ventilation.  In 

addition, cross ventilation was introduced by adding a small window. For instance, by adding a small 

window on the north side, a scenario with the south-facing window was changed to a north-south 

ventilation scenario with cross-ventilation mode.  The results of the second group represent a scenario with 

natural ventilation for two hours daily.  

In the fourth group, additional variants were considered using the same schedules as the third group. The 

differences between the third and fourth groups of simulation scenarios were the room size, openable 

window areas, and occupancy schedules. Additionally, a one-hour window opening time for ventilation 

only in the morning was considered. The windows of the first and third groups were considered with 20% 

of window openable area, and 60% of window openable area was considered in the fourth group. The 

occupancy schedule was considered using BS EN 16798-1-2019 for residential buildings in the first and 

third groups, and full daily occupancy throughout the year was considered in the fourth group. In order to 

align with the EnergyPlus simulation studies, the effect of single-sided and cross ventilation, and were 

tested in CONTAM models using the same ventilation schedule for the window opening. Table 2-8 presents 

the simulation scenarios used in the CONTAM simulation models for all PRELUDE pilot locations. Other 

contaminant studies in CONTAM are described in the following sections. 
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Table 2-7. Simulation scenarios used in EnergyPlus simulation models for all pilot locations 

Scenario Description Heating and ventilation 

#1S Infiltration only (no window ventilation) Continuous heating 

#2S Summertime ventilation only  Continuous heating 

#3S A window can open (South Facing Window) Heating from 06:00 to 09:00, 
10:00 to 17:00, and 18:00 to 
23:00; Window open from 
09:00 to 10:00 and 17:00 to 
18:00, no temperature limit 

#3N A window can open (North Facing Window) 

#3E A window can open (East Facing Window) 

#3W A window can open (West Facing Window) 

#3C-NS Two windows can open (North / South Windows) 

#3C-EW Two windows can open (East / West Windows) 

#4S-V60a Larger window (Openable Window Area = 60% of Window) 

#4S-FOb A window can open (Occupancy: Fully occupied throughout the 
year) 

#4S-EP Larger space - window can open on the long side  
(Model: 9m Length with window x 6m x 3m) 

#4S-DP Larger space window on the short side  
(Model: 6m Length with window x 9m x 3m) 

#4S-1HR Window open 1 hr (Window opening: 09:00-10:00am) Heating from 6:00 to 09:00, 
10:00 to 23:00 

a Openable Window Area = 60% of the window. 20% of window openable areas for other scenarios.  
b Fully occupied throughout the year. BS EN 16798-1-2019 occupancy for other scenarios. 

Table 2-8. Simulation scenarios used in CONTAM simulation models for all pilot locations 

Scenarios Window Orientation Ventilation Ventilation schedules 

S or E South or East Single-sided Window open from  

09:00 to 10:00 and 17:00 to 

18:00. (2 hours window open) 

C-NS North-South Cross-vent 

C-EW East-West 

S-FOa South Single-sided 
a Fully occupied throughout the year. BS EN 16798-1-2019 occupancy for other scenarios. 
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2.2.4 Selection of correlation parameters 

The outdoor climatic parameters and the indoor environment parameters were investigated based on 

hourly time step weather data and hourly simulation results. For the outdoor climatic parameters, dry bulb 

temperature, wind speed, global solar radiation, the squared value of wind speed, wind direction, direct 

and diffuse solar radiation rate per area, relative humidity, and global horizontal illuminance values were 

firstly selected to review climate KPI for the correlation studies.  Hourly values of indoor operative 

temperature, inversed temperature difference between indoor and outdoor, air change rate and airflow, 

heating energy requirements, zone air CO2 concentration, and zone illuminance were selected for the 

correlation studies in order to investigate the relationships between outdoor climatic parameters and 

indoor thermal and IAQ related parameters. 

After a series of comparisons using correlation scatter plots, dry bulb temperature, wind speed, and global 

solar radiation parameters were then selected as the main outdoor climatic parameters as climate KPI for 

the correlation studies. There is no direct relationship between CO2 concentration and outdoor climate 

because the CO2 concentration is dependent on the compound values of the occupancy and airflow. 

Although the heating energy requirements were varied by the outdoor climates, there was a weak 

correlation between zone heating and two outdoor variables (dry bulb temperature and wind speed). If the 

correlation time was separated into two contrast conditions - naturally, ventilated condition (by opening 

windows, NV time) and window closed condition (no NV time), it was observed that there were strong 

correlations between the outdoor climate KPI and hourly values of indoor operative temperature, the 

inversed temperature difference between indoor and outdoor, air change rate and airflow.  

Regarding the daylight correlation, the indoor zone illuminance values were investigated by correlating 

with global solar radiation, global solar illuminance, solar azimuth angle, solar altitude angle, and daily 

hours (from 00:00 to 24:00). Similar correlation patterns were observed between indoor zone illuminance, 

global solar radiation, and global solar illuminance, but the values of high illuminance due to glare and 

hourly daylight changes caused a weak correlation for a whole year. On the other hand, similar correlation 

patterns were observed between zone illuminance levels, solar azimuth angle, and daily hours. The indoor 

zone illuminance levels varied by daily hours according to the global solar radiation and solar illuminance; 

therefore, the correlation charts were developed based on an hourly basis; for instance, an interval between 

08:00 to 09:00 for 365 days. After initial investigation for selected parameters, the pair of climate correlation 

parameters and its polynomial equations were narrowed down to four pairs presented in Table 2-9. The 

condition of Table 2-9 represents how the correlation scatter plots were analysed for different periods; it 

is used in the tables of thermal and IAQ correlations equations (Section 4.1). 

Table 2-9. Pairs of outdoor climatic parameters and indoor environment parameters for correlations 

Outdoor climatic parameters Indoor environment parameter Condition 

Dry bulb temperature (°C) Operative temperature Whole Year,  

NV time of the year,  

No NV time of the year. 

Wind speed (m/s) Airflow (L/s) No NV time of the year. 

Inversed temperature difference 

between indoor and outdoor  

Airflow (L/s) NV time of the year 

Global solar radiation (W/m2) Zone illuminance (lux) Hourly value of the year 
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3 DESCRIPTION OF THE INDOOR-OUTDOOR CORRELATION MODULE 

This section outlines the flow chart of the indoor-outdoor correlation module and presents the correlations 

and the equations used to calculate environmental conditions from the correlations.   

Figure 3-1 shows the flow chart of the module in its simplest form. First, the period under consideration is 

chosen (hour or days) and hourly weather parameters are sourced from a weather file.  At the same time, 

the operation of the building is chosen (status of ventilation openings and shading devices).  After this, the 

thermal, ventilation, and lighting correlations are applied to predict thermal, indoor air quality, and 

daylighting conditions; the equations used to make the predictions are described in the following sections. 

The predicted environmental conditions are evaluated to determine whether comfort is provided; if not a 

different operation needs to be chosen until comfort can be established. Finally, the noise rating of the fan 

is evaluated in case mechanical ventilation is required. The result of the module is a set of actions for the 

occupants on how to operate ventilation openings (and fans) as well as window shading devices.  

 

Figure 3-1 Flowchart of the model 

3.1 Ventilation Correlations and Indoor Air Quality Output Equations 

Ventilation and IAQ simulations were carried out using DesignBuilder which uses EnergyPlus as a simulation 

engine  (DesignBuilder, 2021). EnergyPlus IAQ simulations (United States Department of Energy, 2001) 

focused on CO2 internal concentrations due to occupancy metabolic rates. Simulations were carried out for 

the whole year for each location of the PRELUDE pilot buildings. In addition, CONTAM was used for 

additional IAQ simulations focussing on VOC and PMs due to emissions from materials, cleaning products, 

and cooking. Simulations were carried out for representative periods in winter and summer for each 

location of the PRELUDE pilot buildings. 

This work has indicated that indoor-outdoor correlations of the contaminants alone are not instructive as 

pollutants are mostly generated from internal sources. However, in these naturally ventilated buildings, 

ventilation rate can be correlated to external weather conditions and in particular wind and temperature 

which are the two driving forces for natural ventilation. Pollutant concentrations can then be calculated 

from the predicted ventilation rate using the well-known Pettenkofer-Seidel equation which has been 

adapted for many applications including buildings to predict species concentration from known emission 

and ventilation rates  (Persily and Polidoro, 2019). 

First, the relationship between ventilation rate and wind/temperature can be described in the following 

equations. 

𝑄 = 𝐶𝑑𝐴 [
2

𝜌
∆𝑝]

1

2
                                                               Equation 3-1 
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𝑝𝑠 = − 273 𝜌𝑜 𝑔  (ℎ2 − ℎ1) [
1

𝜃𝑒
−

1

𝜃𝑖
]                          Equation 3-2 

𝑝𝑤 =
𝜌

2
𝐶𝑝𝑣2                                                             Equation 3-3 

Where, 

Q = Ventilation rate or airflow rate (m3/s) 
Cd = Discharge coefficient 
ρ = Air density (kg/m3) 
Δp = The pressure difference across the opening (Pa) 
A = Area of opening (m2) 
Ps = Static pressure (Pa) due to temperature difference 
g = Acceleration due to gravity (m/s2) 
h = Height above datum (ground) (m) 
ρo = Air density at absolute zero temperature (kg/m3) 
θe = The absolute temperature of the outdoor air (K) 
θi = The absolute temperature of the indoor air (K) 
pw = Wind-induced pressure (Pa) 
Cp = Wind pressure coefficient 
v = Wind speed at a datum level (usually building height) (m/s). 

It can be seen that the ventilation rate depends on the area of the opening and the pressure difference 

across this opening.  The pressure difference is generated by temperature difference and by the wind. The 

temperature-induced pressure difference is dependent on the height difference between two openings 

and the inverse of the temperature difference outside and inside the buildings.  The wind-induced pressure 

difference depends on the wind pressure coefficient (which depends on the wind direction) and the wind 

speed. The parameters of these equations were explored as correlation parameters, and it was found that 

the wind speed gives a strong correlation when windows are closed, while the inverse of the temperature 

difference outside and inside the buildings gives strong correlations when windows are open in all the pilot 

locations. 

The linear and polynomial correlation equations from the scatter plots - which display the relationship 

between two variables - were used in this study to investigate the relationships between outdoor climatic 

parameters (variable appears on the horizontal axis) and indoor thermal and IAQ related parameters 

(variable appears on the vertical axis). In the equation for R2 values of the coefficient of determination, the 

value x represents the outdoor climatic data, and the value y represents the indoor condition parameters. 

Therefore, using the R2 it is possible to predict the ventilation rate if the ambient temperature and the wind 

speed are known. However, in order to predict the internal concentration of CO2, VOC, PMs, and moisture 

a further calculation is needed using the following equations  (Persily and Polidoro, 2019): 

𝐶 (𝑡)     =   𝐶 (0)𝑒 
− 

𝑞𝑣
𝑉𝑟

 𝑡
 +  𝐶𝑠𝑠 (1  −  𝑒 

− 
𝑞𝑣
𝑉𝑟

 𝑡
)   Equation 3-4 

𝐶𝑠𝑠   =    𝐶𝑜𝑢𝑡  +  
𝐺

𝑞𝑣
   Equation 3-5 

Where, 

C(t) = the concentration in the room at time t in mg m-3 

C(0) = the indoor concentration at time 0 in mg m-3 

qv   = the volume flow rate of supply air in m3 s-1 

V = the volume of air in the room in m3 
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t = the time in s 

C(out) = the outdoor concentration 

G = the mass flow rate of emission in the room in mg s-1 

An example of the indoor-outdoor module predictions of internal CO2 concentration for one day in summer 

and one day in winter for the Krakow pilot site is shown in Figure 3-3, comparing the predictions by 

EnergyPlus simulations and equations 3.4 and 3.5.  

At the time of report writing, among all PRELUDE demo projects, the reasons for the intervention for the 

Krakow demo case study were specifically reported to improve and optimise the indoor air quality as the 

existing building stock is in one of the most polluted cities in Europe while other demo projects share the 

same interest for building performance and occupant well-being. Therefore, an example of the derived 

correlations is presented in Figure 3-2 for one of the operations for the Krakow pilot using the correlation 

parameters shown in Table 2-9. The full range of correlations is presented in Appendix C for all five locations 

of PRELUDE projects.  
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Figure 3-2 Example of indoor-outdoor module prediction (equations) compared to dynamic thermal 

model (EnergyPlus) predictions in Krakow. (annual profiles) 
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Figure 3-3 Example of indoor-outdoor module prediction compared to dynamic thermal model 

predictions in Krakow (summer and winter days’ profiles). 

It can be observed that the indoor-outdoor module predictions were within a good range of accuracy.  

Figure 3-3 showed that the indoor air CO2 concentrations were constantly high throughout the year if there 

was no window ventilation; the values of concentrations profile were varied according to the occupancy 

profile. When the window opened from 09:00 to 10:00 and 17:00 to 18:00, the indoor air CO2 concentrations 

rapidly decreased. While the indoor air CO2 concentrations were reduced by applying natural ventilation 2 

hours through the window (switching scenario #1S to #3S), the requirements of heating energy changed 

from 1715.6 kWh to 1931.2 kWh with 215.6 kWh of an increased heating energy consumption. When the 

model scenario was switched from single-sided ventilation to cross-ventilation, the indoor air CO2 

concentrations were decreased with 328.6 kWh of an increased heating energy consumption (switching 

scenario #3S to #3C-EW).  

An example of the indoor-outdoor module predictions of internal CO2 concentration for one day in summer 

and one day in winter for the Krakow pilot location is shown in Figure 3-4 in comparison with the 

predictions by EnergyPlus and CONTAM simulations. In the CONTAM simulation, the zone temperatures 

were set using user-defined schedules; the schedule was based on the results of the EnergyPlus simulation. 

This allows for the change in zone pressures due simply to the change in temperature within the zone 

according to the ideal gas relationship.  

Table 8-8 (Appendix-C) presents the assumption of indoor air temperature used in the CONTAM studies. 

Another setting in the CONTAM is to use an assumption of average daily temperatures if hourly 

temperature values are not available. The results of CONTAM air CO2 concentrations showed that there 

were minimal differences between the assumption of average daily temperatures and 24 hours scheduled 
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temperatures. It was also observed in Figure 3-4 that the indoor-outdoor module predictions are within a 

good range of accuracy.   
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Figure 3-4. Comparison of EnergyPlus and CONTAM simulation results for CO2 concentration in Krakow. 

The types of contaminants simulated in the CONTAM studies were CO2, formaldehyde, toluene as VOC, 

PM2.5, and water vapour. Figure 3-5 presents daily concentrations of the contaminants on the summer and 

winter days of 25 January and 25 July based on the CONTAM simulation results. The concentrations on the 

summer day were higher than the winter day, and the concentration profiles were varied by the species 

generation schedule defined in the CONTAM. The contaminants' generation rate and their schedule 

significantly affected the concentrations profile, and the concentrations were rapidly reduced when the 

windows were opened; however, the window ventilation modes (single-sided or cross-ventilation) and 

orientation of window location showed minimal impacts on contaminants concentrations.  
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Figure 3-5. Daily concentrations of contaminants in the summer and winter days  
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3.2 Visual Comfort Correlations 

Illuminance simulations were carried out using EnergyPlus as described in section 2.2 for the locations of 

the PRELUDE pilot buildings. From the available weather parameters, internal illuminance was best 

correlated with external solar radiation. Because of the variability of natural illuminance during the daylight 

hours, correlations were developed hourly for the whole year. An example of the derived correlations is 

presented in Figure 3-6 of the south orientation for the Krakow pilot. The full range of correlations is 

presented in Appendix C.  The R2 values of the coefficient of determination were found to be weakened in 

the middle of the day when a high level of glare was found, for instance, in Athens and Turin. 

 

Figure 3-6 Example of correlations of solar radiation with internal natural illuminance hourly for the whole 

year 

Using the correlation of each hour it is possible to predict directly the internal natural illuminance if the 

solar radiation is known. Predictions of the W3.1 (Weather Forecast) and W3.2 (Free Running (Dynamic) 

Model) modules can be used for this purpose. 

An example of the indoor-outdoor module predictions for four days (for spring, summer, autumn, and 

winter) of a south-facing window for the Krakow pilot site are shown in Figure 3-7 and Figure 3-8.  
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The results of intermediate seasons (27 January and 27 October) showed the indoor illuminance values at 

10:00 were aligned to the profile of global solar radiation because the correlation results were directly 

generated from the global solar radiation values. During peak winter and summer, the correlation results 

were predicted as slightly higher values at noon. During autumn and springtime, the correlation results 

were predicted as slightly lower values at noon. 

At the peak of wintertime, the room with a south-facing window received very low lux levels if there are 

internal blinds. This indicates that even on some winter days blinds should be avoided as their use will 

restrict solar gains (useful to reduce heating demand) and would encourage the use of artificial lighting 

(increasing the electricity use). 

  

  

Figure 3-7 Example of indoor-outdoor module prediction compared to dynamic thermal model 

predictions for a south-facing window with no shading on four representative days of winter, summer, 

and intermediate seasons in Krakow. 

  

  

Figure 3-8 Example of indoor-outdoor module prediction compared to dynamic thermal model 

predictions for a south-facing window with internal shading on four representative days of winter, 

summer, and intermediate seasons in Krakow. 
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3.3 Thermal Comfort Correlations and Output Equations 

Thermal simulations using EnergyPlus (as described in section 2.2) were carried out and the predicted 

operative temperatures were correlated with external air temperature for the whole year for each location 

of the PRELUDE pilot buildings. An example of the derived correlations is presented in Figure 3-9 for one 

of the operations for the Krakow pilot.  The full range of correlations is presented in Appendix C. 

South-facing single-sided ventilation East-west-facing cross-ventilation 

  

  

  

Figure 3-9 Example of correlations of ambient temperature with internal operative temperature for the 

whole year in Krakow. 

Using the R2 it is possible to predict the internal operative temperature if the ambient temperature is 

known. Predictions of the WP3.1 module (Weather Forecast) can be used for this purpose.  

The model used to evaluate thermal comfort is the adaptive thermal comfort model because the space is 

naturally ventilated.  The adaptive thermal comfort model gives a range of operative temperatures that a 

person would be comfortable with for a given external temperature. As the adaptive thermal comfort model 

gives a range of comfortable operative temperatures the spread of the values around the correlation 

equation becomes acceptable.  

The equations to be used for the calculation of the operative temperature from the correlations with 

ambient temperatures are as follows  (BS EN 16798-1, 2019): 

Ɵ𝑐 = 0.33Ɵ𝑟𝑚 + 18.8 Equation 3-6 

Ɵ𝑟𝑚 =
Ɵ𝑒𝑑−1 + 0.8Ɵ𝑒𝑑−2 + 0.6Ɵ𝑖𝑑−3 + 0.5Ɵ𝑒𝑑−4 + 0.4Ɵ𝑒𝑑−5 + 0.3Ɵ𝑒𝑑−6 + 0.2Ɵ𝑒𝑑−7

3.8
 Equation 3-7 

Where, 
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Ɵc = Optimal operative temperature 

Ɵrm = The exponentially weighted running mean of the daily mean outdoor air temperature 

Ɵ(ed-1) = External outdoor air temperature of the day before. 

The range of acceptable Ɵc is +3 and – 4 for category II level of expectation medium which is the most 

appropriate for retrofit buildings (BS EN 16798-1, 2019). 

An example of the indoor-outdoor module predictions for one day in summer and one day in winter for 

the Krakow pilot site is shown in Figure 3 8. It can be observed that the indoor-outdoor module predictions 

are within the range of the adaptive thermal comfort model indicating that internal comfort is provided to 

occupants. 
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Figure 3-10 Example of indoor-outdoor module prediction compared to dynamic thermal model 

predictions in Krakow. 

3.4 Acoustical Comfort 

Acoustical comfort is complex and unlike the other comfort conditions we examined until now, does not 

depend on climatic conditions. The internal noise levels will depend on both externally generated sound 

level pressure and internal sound pressure levels. 

First, the criteria for acceptable sound level in residential buildings is summarised in Table 3-1  (BS EN 

16798-1, 2019). 

Table 3-1 Limit of sound level for acoustical comfort in residential buildings 

Type of space Level of Expectation Equivalent Continuous Sound Level LAeq,nT [dB(A)] 

Living Room I-high 30 
 II-medium 35 
 III-moderate 40 
Bedroom I 25 
 II 30 
 III 35 

External noise could be generated in the ambient (e.g., roads, railways, industrial processes, etc.) or inside 

surrounding apartments. For inside noise from adjacent apartments, there is little that can be done after 

the building is designed and constructed or renovated. Therefore, consideration should be given to 

guidance on noise transmission through walls and floors when the buildings are designed. From outside 



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 38 of 149 

 

generated noise, there is guidance on what might be acceptable through openable windows. In many 

cases, natural noise attenuation because of distance and resistance through building elements will reduce 

the levels to acceptable; this is again a design issue. In the case of natural ventilation through openable 

windows, external noise levels could impact acoustical comfort, but this is an issue that cannot be predicted 

through correlations but based on timings (traffic) and occurrence (industrial processes). Therefore, no 

correlations with external climatic conditions were carried out for this work.  However, some research 

findings can assist with decision making during the retrofit. A model was developed under the European 

project UrbVent which can assist with design possibilities due to traffic noise  (Ghiaus et al., 2006). Figure 

3-11 shows the outcome of the model.  

Finally, extract fans routinely used in residential buildings can create acoustical discomfort; therefore, the 

noise rating of the cooker hood and bathroom extractor fans should be considered during the design 

stage. In many cases, cooker hood noise can be more easily tolerated, and they are turned on during 

cooking only, but bathroom extractors could be more annoying especially if they operate during the night. 

 
Figure 3-11 Contours of noise level at different heights above the street and street widths. Configurations 

in which natural ventilation is possible are indicated (OK), as are those in which it is ruled out (NOT OK). 

(Ghiaus et al., 2006)  
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4 THE MODULE AND ITS APPLICATION TO PRELUDE PILOT LOCATIONS 

The correlations of the indoor-outdoor module are presented in section 4.1 and an example on how to use 

them is outlined focussing on the PRELUDE pilot in Krakow in section 4.2.  

4.1 The indoor-outdoor correlation module  

This section presents the applicable correlations for the five PRELUDE pilots. Table 4-1 to Table 4-5 presents 

the applicable correlations for the prediction of comfort and indoor air quality. These apply to modelled 

scenarios indicated in the first column. More explanations of operation scenarios for the space are 

presented in section 2.2 and Appendix C. The columns headed ‘parameters’ present the variables for 

correlations; these are (a) the outdoor conditions of dry bulb temperature and wind speed which are the 

inputs – x in the correlation equations and (b) the internal conditions of operative temperature and airflow 

rate which are the outputs – y in the correlation equations. The equations are presented based on the 

condition defined in Table 2-9. The pollutant concentrations in the space can then be predicted using the 

equations presented in section 3.1. The thermal comfort range can be predicted using the equations 

presented in section 3.3.  

Table 4-6 to Table 4-11 present the application correlations for the prediction of natural illuminance. The 

first column indicates the shading scenario that includes (i) no shading, (ii) internal blind (iii) balconies 

provision for external shading. The latter was considered only in the case of the Athens PRELUDE pilot.  The 

columns headed ‘parameters’ present the variables for correlations; these are (a) outdoor conditions of 

global solar radiation which is the input – x in the correlation equations and (b) internal illuminance which 

is the output – y in the correlation equations. As daylighting is sensitive to the orientation of the window, 

four orientations were tested: north, east, south, and west. In addition, it was found that the correlation is 

sensitive to the time of the day because of the sun's inclination and therefore correlations for each hour of 

the day have been derived and presented in the tables.  

An example of how to apply the correlations to predict hourly internal environmental conditions of 

operative temperature, the concentration of pollutants, and natural lighting is presented in section 4.2 for 

the Krakow PRELUDE pilot following the description of the indoor-outdoor correlation study presented in 

section 3. The application can be the same for the other four PRELUDE pilots using the specific correlations 

for the pilot under investigation. 
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Table 4-1 Thermal and IAQ correlations for the Geneva PRELUDE pilot 

 

Outdoor Indoor Annual NV time Only No-NV time Annual NV time Only No-NV time

Dry Bulb Temperature Operative Temperature 0.7439 y = 0.0005x2 + 0.3236x + 19.106

Wind Speed Airflow (L/s) 0.8762 y = 0.0245x2 + 0.0239x + 0.7671

Inversed of Temp. Diff. Airflow (L/s) 0.0704 y = 1989.6x + 0.7749

Dry Bulb Temperature Operative Temperature 0.7309 0.9049 0.7422 y = 0.0013x2 + 0.3223x + 18.043 y = 0.0051x2 + 0.3519x + 15.062 y = 0.001x2 + 0.3204x + 18.28

Wind Speed Airflow (L/s) n/a n/a 0.8574 n/a n/a y = 0.0242x2 + 0.039x + 0.6357

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9518 n/a n/a y = -7E+08x2 + 378356x + 33.908 n/a

Dry Bulb Temperature Operative Temperature 0.6819 0.8955 0.6915 y = 0.0036x2 + 0.2116x + 17.908 y = 0.0055x2 + 0.2938x + 14.825 y = 0.0033x2 + 0.2073x + 18.149

Wind Speed Airflow (L/s) n/a n/a 0.8437 n/a n/a y = 0.0242x2 + 0.0464x + 0.5929

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9487 n/a n/a y = -1E+09x2 + 458363x + 29.847 n/a

Dry Bulb Temperature Operative Temperature 0.7032 0.8566 0.7067 y = 0.0044x2 + 0.3023x + 17.835 y = 0.0058x2 + 0.3772x + 14.827 y = 0.0042x2 + 0.2992x + 18.069

Wind Speed Airflow (L/s) n/a n/a 0.8623 n/a n/a y = 0.0234x2 + 0.0448x + 0.6393

Inversed of Temp. Diff. Airflow (L/s) n/a 0.962 n/a n/a y = -7E+08x2 + 390186x + 33.416 n/a

Dry Bulb Temperature Operative Temperature 0.7088 0.9065 0.7112 y = 0.0042x2 + 0.2965x + 17.84 y = 0.007x2 + 0.3461x + 14.751 y = 0.0039x2 + 0.2955x + 18.081

Wind Speed Airflow (L/s) n/a n/a 0.8681 n/a n/a  = 0.026x2 + 0.0327x + 0.6439

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9618 n/a n/a y = -7E+08x2 + 378883x + 34.029 n/a

Dry Bulb Temperature Operative Temperature 0.7306 0.9072 y = 0.0014x2 + 0.3212x + 18.026 y = 0.005x2 + 0.3562x + 14.981

Wind Speed Airflow (L/s) n/a n/a 0.8617 n/a n/a y = 0.0247x2 + 0.0393x + 0.6407

Inversed of Temp. Diff. Airflow (L/s) n/a 0.913 n/a n/a y = -6E+08x2 + 356710x + 38.156 n/a

Dry Bulb Temperature Operative Temperature 0.7038 0.8515 0.709 y = 0.0045x2 + 0.3039x + 17.817 y = 0.0073x2 + 0.3523x + 14.805 y = 0.0042x2 + 0.3022x + 18.054

Wind Speed Airflow (L/s) n/a n/a 0.8617 n/a n/a y = 0.0247x2 + 0.0393x + 0.6407

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8714 n/a n/a y = -6E+08x2 + 354561x + 37.081 n/a

Dry Bulb Temperature Operative Temperature 0.7024 0.9457 0.7399 y = 0.0018x2 + 0.3121x + 17.591 y = 0.0041x2 + 0.4495x + 12.65 y = 0.0016x2 + 0.3047x + 17.977

Wind Speed Airflow (L/s) n/a n/a 0.8553 n/a n/a y = 0.024x2 + 0.0427x + 0.6102

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9737 n/a n/a y = -2E+09x2 + 1E+06x + 77.425 n/a

Dry Bulb Temperature Operative Temperature 0.7457 0.9079 0.7576 y = 0.0006x2 + 0.3576x + 18.074 y = 0.0035x2 + 0.3972x + 15.086 y = 0.0003x2 + 0.3568x + 18.308

Wind Speed Airflow (L/s) n/a n/a 0.8685 n/a n/a y = 0.0243x2 + 0.0346x + 0.6711

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9798 n/a n/a y = -4E+08x2 + 268144x + 42.939 n/a

Dry Bulb Temperature Operative Temperature 0.737 0.9155 0.7408 y = 0.0011x2 + 0.3196x + 18.363 y = 0.005x2 + 0.3873x + 15.26 y = 0.0011x2 + 0.3124x + 18.521

Wind Speed Airflow (L/s) n/a n/a 0.8568 n/a n/a y = 0.0243x2 + 0.0362x + 0.6568

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9763 n/a n/a y = -4E+08x2 + 277640x + 41.073 n/a

Dry Bulb Temperature Operative Temperature 0.7213 0.8903 0.7291 y = 0.0012x2 + 0.2861x + 18.21 y = 0.0051x2 + 0.3025x + 15.734 y = 0.0009x2 + 0.2855x + 18.407

Wind Speed Airflow (L/s) n/a n/a 0.8298 n/a n/a y = 0.019x2 + 0.0421x + 0.5576

Inversed of Temp. Diff. Airflow (L/s) n/a 0.941 n/a n/a y = -5E+08x2 + 236403x + 24.787 n/a

Dry Bulb Temperature Operative Temperature 0.7219 0.89 0.7293 y = 0.0013x2 + 0.2896x + 18.198 y = 0.0051x2 + 0.3047x + 15.721 y = 0.001x2 + 0.2891x + 18.395

Wind Speed Airflow (L/s) n/a n/a 0.8491 n/a n/a y = 0.0193x2 + 0.043x + 0.5579

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9426 n/a n/a y = -5E+08x2 + 233638x + 24.929 n/a

Larger space window on short 

side (Sc 4) (Model: 6m Length 

with window x 9m x 3m)

*More explanations of space operation scenarios are presented in Section 2 and Appendix C

Two windows can open (Sc 3) 

(East / West Windows)

Larger window (Sc 4) 

(Openable Window Area = 

60% of Window)

Window can open (Sc 4)

(Occupancy: Fully occupied 

throughtout the year)

Window open 1 hr (Sc 4) 

(Window opening: 09:00-10:00am 

1 hour only)

Larger space - window can open 

on long side (Sc 4)(Model: 9m 

Length with window x 6m x 3m)

Window can open  (Sc 3) 

(South Facing Window)

Window can open (Sc 3) 

(North Facing Window)

Window can open (Sc 3)

(East Facing Window)

Window can open (Sc 3) 

(West Facing Window)

Two windows can open (Sc 3) 

(North / South Windows)

Geneva PRELUDE pilot
Parameters Coefficient of determination (R2) Correlation Equation for Thermal Comfort and Ventilation

Infiltration only (Sc 1) n/a n/a n/a n/a
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Table 4-2 Thermal and IAQ correlations for the Turin PRELUDE pilot 

 

Outdoor Indoor Annual NV time Only No-NV time Annual NV time Only No-NV time

Dry Bulb Temperature Operative Temperature 0.9222 y = 0.0141x2 + 0.0657x + 16.686

Wind Speed Airflow (L/s) 0.7283 y = 0.0721x2 + 0.0935x + 1.963

Inversed of Temp. Diff. Airflow (L/s) 0.1321 y = 7442.4x + 1.8726

Dry Bulb Temperature Operative Temperature 0.8858 0.975 0.8871 y = 0.009x2 + 0.3084x + 13.843 y = 0.0095x2 + 0.4047x + 10.834 y = 0.0087x2 + 0.3058x + 14.066

Wind Speed Airflow (L/s) n/a n/a 0.7624 n/a n/a y = 0.0733x2 + 0.1144x + 1.7031

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8767 n/a n/a y = -9E+08x2 + 433476x + 36.251 n/a

Dry Bulb Temperature Operative Temperature 0.8762 0.9739 0.8778 y = 0.0088x2 + 0.3022x + 13.716 y = 0.0097x2 + 0.4013x + 10.543 y = 0.0086x2 + 0.2996x + 13.951

Wind Speed Airflow (L/s) n/a n/a 0.7554 n/a n/a y = 0.072x2 + 0.1225x + 1.6726

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8771 n/a n/a y = -1E+09x2 + 496136x + 33.867 n/a

Dry Bulb Temperature Operative Temperature 0.8783 0.9624 0.8791 y = 0.0092x2 + 0.3095x + 13.737 y = 0.0093x2 + 0.4258x + 10.671 y = 0.009x2 + 0.3053x + 13.964

Wind Speed Airflow (L/s) n/a n/a 0.7745 n/a n/a y = 0.069x2 + 0.1537x + 1.6708

Inversed of Temp. Diff. Airflow (L/s) n/a 0.91 n/a n/a y = -1E+09x2 + 488512x + 34.413 n/a

Dry Bulb Temperature Operative Temperature 0.8804 0.974 0.881 y = 0.0095x2 + 0.3041x + 13.741 y = 0.01x2 + 0.4126x + 10.556 y = 0.0092x2 + 0.3011x + 13.976

Wind Speed Airflow (L/s) n/a n/a 0.7844 n/a n/a y = 0.0754x2 + 0.1193x + 1.6969

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8988 n/a n/a y = -9E+08x2 + 436472x + 36.318 n/a

Dry Bulb Temperature Operative Temperature 0.8857 0.9752 0.8872 y = 0.009x2 + 0.3085x + 13.836 y = 0.0095x2 + 0.4059x + 10.795 y = 0.0088x2 + 0.3059x + 14.061

Wind Speed Airflow (L/s) n/a n/a 0.7658 n/a n/a y = 0.074x2 + 0.1174x + 1.7074

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8117 n/a n/a y = -8E+08x2 + 414530x + 39.557 n/a

Dry Bulb Temperature Operative Temperature 0.8784 0.963 0.8794 y = 0.0092x2 + 0.3097x + 13.73 y = 0.0093x2 + 0.4267x + 10.636 y = 0.0091x2 + 0.3054x + 13.959

Wind Speed Airflow (L/s) n/a n/a 0.7795 n/a n/a y = 0.0707x2 + 0.1516x + 1.6794

Inversed of Temp. Diff. Airflow (L/s) n/a 0.822 n/a n/a y = -9E+08x2 + 434648x + 39.217 n/a

Dry Bulb Temperature Operative Temperature 0.879 0.9825 0.8874 y = 0.0089x2 + 0.3141x + 13.693 y = 0.0082x2 + 0.4826x + 9.433 y = 0.0087x2 + 0.3078x + 14.007

Wind Speed Airflow (L/s) n/a n/a 0.7561 n/a n/a y = 0.0733x2 + 0.1166x + 1.6733

Inversed of Temp. Diff. Airflow (L/s) n/a 0.89 n/a n/a y = -3E+09x2 + 1E+06x + 82.426 n/a

Dry Bulb Temperature Operative Temperature 0.8877 0.9747 0.8888 y = 0.009x2 + 0.3118x + 13.849 y = 0.0092x2 + 0.4124x + 10.878 y = 0.0088x2 + 0.3089x + 14.069

Wind Speed Airflow (L/s) n/a n/a 0.7751 n/a n/a y = 0.0729x2 + 0.1127x + 1.7573

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8304 n/a n/a y = -5E+08x2 + 330403x + 42.794 n/a

Dry Bulb Temperature Operative Temperature 0.8866 0.9703 0.8886 y = 0.0091x2 + 0.2965x + 14.081 y = 0.0086x2 + 0.4364x + 10.857 y = 0.0092x2 + 0.2881x + 14.242

Wind Speed Airflow (L/s) n/a n/a 0.765 n/a n/a y = 0.0735x2 + 0.1083x + 1.742

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8049 n/a n/a y = -1E+09x2 + 483335x + 34.699 n/a

Dry Bulb Temperature Operative Temperature 0.8901 0.9737 0.8899 y = 0.0092x2 + 0.2985x + 13.915 y = 0.0098x2 + 0.3825x + 11.237 y = 0.009x2 + 0.2963x + 14.113

Wind Speed Airflow (L/s) n/a n/a 0.7426 n/a n/a y = 0.0598x2 + 0.1282x + 1.5157

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8989 n/a n/a y = -6E+08x2 + 279332x + 25.609 n/a

Dry Bulb Temperature Operative Temperature 0.8891 0.9728 0.8888 y = 0.0092x2 + 0.3027x + 13.877 y = 0.0101x2 + 0.3816x + 11.209 y = 0.009x2 + 0.3009x + 14.075

Wind Speed Airflow (L/s) n/a n/a 0.7716 n/a n/a y = 0.0614x2 + 0.1288x + 1.5188

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8952 n/a n/a y = -6E+08x2 + 269238x + 26.053 n/a

Two windows can open (Sc 3) 

(North / South Windows)

Two windows can open (Sc 3) 

(East / West Windows)

Larger window (Sc 4) 

(Openable Window Area = 

60% of Window)

*More explanations of space operation scenarios are presented in Section 2 and Appendix C

Turin PRELUDE pilot

Infiltration only (Sc 1)

Window can open  (Sc 3) 

(South Facing Window)

Window can open (Sc 3) 

(North Facing Window)

Window can open (Sc 3)

(East Facing Window)

Window can open (Sc 3) 

(West Facing Window)

Window can open (Sc 4)

(Occupancy: Fully occupied 

throughtout the year)

Window open 1 hr (Sc 4) 

(Window opening: 09:00-10:00am 

1 hour only)

Larger space - window can open 

on long side (Sc 4)(Model: 9m 

Length with window x 6m x 3m)

Larger space window on short 

side (Sc 4) (Model: 6m Length 

with window x 9m x 3m)

Parameters Coefficient of determination (R2) Correlation Equation for Thermal Comfort and Ventilation

n/a n/a n/a n/a
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Table 4-3 Thermal and IAQ correlations for the Krakow PRELUDE pilot 

 

Outdoor Indoor Annual NV time Only No-NV time Annual NV time Only No-NV time

Dry Bulb Temperature Operative Temperature 0.7836 y = 0.0091x2 + 0.1822x + 18.95

Wind Speed Airflow (L/s) 0.8349 y = 0.0186x2 + 0.0501x + 0.6978

Inversed of Temp. Diff. Airflow (L/s) 0.1196 y = 2123.5x + 0.7341

Dry Bulb Temperature Operative Temperature 0.7737 0.9436 0.7834 y = 0.007x2 + 0.2582x + 17.616 y = 0.009x2 + 0.319x + 14.438 y = 0.0068x2 + 0.2567x + 17.862

Wind Speed Airflow (L/s) n/a n/a 0.8314 n/a n/a y = 0.0179x2 + 0.0664x + 0.5847

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9677 n/a n/a y = -5E+08x2 + 306661x + 33.872 n/a

Dry Bulb Temperature Operative Temperature 0.7035 0.9347 0.7114 y = 0.0057x2 + 0.2198x + 17.337 y = 0.0092x2 + 0.2777x + 14.024 y = 0.0053x2 + 0.2182x + 17.594

Wind Speed Airflow (L/s) n/a n/a 0.7917 n/a n/a y = 0.0175x2 + 0.0733x + 0.5548

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9566 n/a n/a y = -6E+08x2 + 348882x + 31.094 n/a

Dry Bulb Temperature Operative Temperature 0.7436 0.9098 0.7472 y = 0.0083x2 + 0.2519x + 17.389 y = 0.0101x2 + 0.3301x + 14.217 y = 0.0081x2 + 0.249x + 17.634

Wind Speed Airflow (L/s) n/a n/a 0.8375 n/a n/a y = 0.0177x2 + 0.0722x + 0.5834

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9633 n/a n/a y = -5E+08x2 + 323920x + 32.598 n/a

Dry Bulb Temperature Operative Temperature 0.7189 0.9412 0.7203 y = 0.0074x2 + 0.2533x + 17.441 y = 0.011x2 + 0.3023x + 14.062 y = 0.0071x2 + 0.2529x + 17.704

Wind Speed Airflow (L/s) n/a n/a 0.8426 n/a n/a y = 0.02x2 + 0.061x + 0.5876

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9652 n/a n/a y = -5E+08x2 + 304814x + 34.051 n/a

Dry Bulb Temperature Operative Temperature 0.7738 0.9445 0.7843 y = 0.0071x2 + 0.2583x + 17.591 y = 0.009x2 + 0.3213x + 14.347 y = 0.0068x2 + 0.2566x + 17.841

Wind Speed Airflow (L/s) n/a n/a 0.8346 n/a y = 0.0021x2 - 1.2915x + 76.622 y = 0.0182x2 + 0.0674x + 0.5875

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9181 n/a n/a y = -5E+08x2 + 305725x + 37.121 n/a

Dry Bulb Temperature Operative Temperature 0.7444 0.9121 0.7486 y = 0.0084x2 + 0.2531x + 17.367 y = 0.0101x2 + 0.3343x + 14.115 y = 0.0081x2 + 0.2502x + 17.618

Wind Speed Airflow (L/s) n/a n/a 0.8432 n/a n/a y = 0.0183x2 + 0.0723x + 0.5864

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9063 n/a n/a y = -5E+08x2 + 313387x + 36.91 n/a

Dry Bulb Temperature Operative Temperature 0.745 0.969 0.7802 y = 0.0069x2 + 0.2591x + 17.252 y = 0.0074x2 + 0.4222x + 12.23 y = 0.0067x2 + 0.2517x + 17.637

Wind Speed Airflow (L/s) n/a n/a 0.8277 n/a n/a y = 0.0177x2 + 0.0703x + 0.5634

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9782 n/a n/a y = -2E+09x2 + 957436x + 78.255 n/a

Dry Bulb Temperature Operative Temperature 0.7826 0.9445 0.7923 y = 0.0071x2 + 0.2688x + 17.667 y = 0.0089x2 + 0.328x + 14.514 y = 0.0069x2 + 0.2674x + 17.91

Wind Speed Airflow (L/s) n/a n/a 0.8379 n/a n/a y = 0.0181x2 + 0.0617x + 0.6116

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9812 n/a n/a y = -3E+08x2 + 247393x + 39.793 n/a

Dry Bulb Temperature Operative Temperature 0.7741 0.9315 0.782 y = 0.0072x2 + 0.2489x + 17.919 y = 0.01x2 + 0.3221x + 14.416 y = 0.007x2 + 0.2477x + 18.061

Wind Speed Airflow (L/s) n/a n/a 0.8317 n/a n/a y = 0.0181x2 + 0.0619x + 0.6074

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9753 n/a n/a y = -4E+08x2 + 273786x + 37.9 n/a

Dry Bulb Temperature Operative Temperature 0.7549 0.9331 0.7601 y = 0.0062x2 + 0.2382x + 17.77 y = 0.0087x2 + 0.2791x + 15.009 y = 0.0059x2 + 0.2378x + 17.984

Wind Speed Airflow (L/s) n/a n/a 0.7963 n/a n/a y = 0.0135x2 + 0.0659x + 0.5143

Inversed of Temp. Diff. Airflow (L/s) n/a 0.944 n/a n/a y = -3E+08x2 + 192942x + 23.803 n/a

Dry Bulb Temperature Operative Temperature 0.7542 0.9321 0.759 y = 0.0063x2 + 0.2399x + 17.772 y = 0.0089x2 + 0.2789x + 15.022 y = 0.006x2 + 0.2396x + 17.985

Wind Speed Airflow (L/s) n/a n/a 0.8226 n/a n/a y = 0.0139x2 + 0.0655x + 0.5131

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9422 n/a n/a y = -3E+08x2 + 188484x + 23.523 n/a

Window can open (Sc 4)

(Occupancy: Fully occupied 

throughtout the year)

Window open 1 hr (Sc 4) 

(Window opening: 09:00-10:00am 

1 hour only)

Larger space - window can open 

on long side (Sc 4)(Model: 9m 

Length with window x 6m x 3m)

Larger space window on short 

side (Sc 4) (Model: 6m Length 

with window x 9m x 3m)

Krakow PRELUDE pilot

Infiltration only (Sc 1)

Window can open  (Sc 3) 

(South Facing Window)

Window can open (Sc 3) 

(North Facing Window)

Window can open (Sc 3)

(East Facing Window)

Window can open (Sc 3) 

(West Facing Window)

Two windows can open (Sc 3) 

(North / South Windows)

Two windows can open (Sc 3) 

(East / West Windows)

Larger window (Sc 4) 

(Openable Window Area = 

60% of Window)

*More explanations of space operation scenarios are presented in Section 2 and Appendix C

Parameters Coefficient of determination (R2) Correlation Equation for Thermal Comfort and Ventilation

n/a n/a n/a n/a
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Table 4-4 Thermal and IAQ correlations for the Athens PRELUDE pilot 

 

  

Outdoor Indoor Annual NV time Only No-NV time Annual NV time Only No-NV time

Dry Bulb Temperature Operative Temperature 0.8299 y = 0.0072x2 + 0.3497x + 14.822

Wind Speed Airflow (L/s) 0.9127 y = 0.0257x2 + 0.0361x + 0.6135

Inversed of Temp. Diff. Airflow (L/s) 0.0036 y = 744.34x + 0.8976

Dry Bulb Temperature Operative Temperature 0.8359 0.9535 0.8333 y = 0.0047x2 + 0.4794x + 13.135 y = 0.0105x2 + 0.3421x + 11.848 y = 0.0041x2 + 0.4943x + 13.204

Wind Speed Airflow (L/s) n/a n/a 0.9022 n/a n/a y = 0.0259x2 + 0.0465x + 0.4961

Inversed of Temp. Diff. Airflow (L/s) n/a 0.7755 n/a n/a y = -2E+09x2 + 480927x + 37.878 n/a

Dry Bulb Temperature Operative Temperature 0.8196 0.9528 0.8161 y = 0.0054x2 + 0.4457x + 13.088 y = 0.0129x2 + 0.2711x + 11.878 y = 0.0048x2 + 0.4594x + 13.18

Wind Speed Airflow (L/s) n/a n/a 0.8816 n/a n/a y = 0.0259x2 + 0.0487x + 0.4859

Inversed of Temp. Diff. Airflow (L/s) n/a 0.7542 n/a n/a y = -2E+09x2 + 512393x + 37.177 n/a

Dry Bulb Temperature Operative Temperature 0.8249 0.9336 0.8214 y = 0.0055x2 + 0.4781x + 12.889 y = 0.0105x2 + 0.3774x + 11.323 y = 0.005x2 + 0.49x + 12.979

Wind Speed Airflow (L/s) n/a n/a 0.8959 n/a n/a y = 0.0256x2 + 0.051x + 0.5001

Inversed of Temp. Diff. Airflow (L/s) n/a 0.7957 n/a n/a y = -2E+09x2 + 559628x + 35.734 n/a

Dry Bulb Temperature Operative Temperature 0.8257 0.9548 0.8208 y = 0.0058x2 + 0.4673x + 12.954 y = 0.0098x2 + 0.4014x + 11.003 y = 0.0053x2 + 0.4791x + 13.054

Wind Speed Airflow (L/s) n/a n/a 0.9046 n/a n/a y = 0.0285x2 + 0.0459x + 0.4984

Inversed of Temp. Diff. Airflow (L/s) n/a 0.7606 n/a n/a y = -2E+09x2 + 476126x + 38.358 n/a

Dry Bulb Temperature Operative Temperature 0.8204 0.9533 0.8170 y = 0.0054x2 + 0.4465x + 13.081 y = 0.0126x2 + 0.2822x + 11.769 y = 0.0048x2 + 0.4601x + 13.176

Wind Speed Airflow (L/s) n/a n/a 0.8826 n/a n/a y = 0.0263x2 + 0.0501x + 0.4876

Inversed of Temp. Diff. Airflow (L/s) n/a 0.7011 n/a n/a y = -2E+09x2 + 522024x + 40.08 n/a

Dry Bulb Temperature Operative Temperature 0.8255 0.9345 0.8221 y = 0.0055x2 + 0.4783x + 12.882 y = 0.0105x2 + 0.3796x + 11.274 y = 0.005x2 + 0.4902x + 12.975

Wind Speed Airflow (L/s) n/a n/a 0.8988 n/a n/a y = 0.0264x2 + 0.0519x + 0.5022

Inversed of Temp. Diff. Airflow (L/s) n/a 0.7040 n/a n/a y = -2E+09x2 + 510869x + 40.652 n/a

Dry Bulb Temperature Operative Temperature 0.8336 0.9656 0.8333 y = 0.0047x2 + 0.4807x + 13.01 y = 0.0092x2 + 0.4231x + 10.344 y = 0.0042x2 + 0.4924x + 13.162

Wind Speed Airflow (L/s) n/a n/a 0.8959 n/a n/a y = 0.0256x2 + 0.0517x + 0.4657

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8801 n/a n/a y = -5E+09x2 + 2E+06x + 78.328 n/a

Dry Bulb Temperature Operative Temperature 0.8386 0.9520 0.8363 y = 0.0043x2 + 0.4967x + 13.049 y = 0.0101x2 + 0.3556x + 11.836 y = 0.0037x2 + 0.5123x + 13.109

Wind Speed Airflow (L/s) n/a n/a 0.9063 n/a n/a y = 0.026x2 + 0.0419x + 0.5318

Inversed of Temp. Diff. Airflow (L/s) n/a 0.7177 n/a n/a y = -7E+08x2 + 324721x + 45.844 n/a

Dry Bulb Temperature Operative Temperature 0.8362 0.9558 0.8340 y = 0.0048x2 + 0.4698x + 13.308 y = 0.0129x2 + 0.3071x + 11.962 y = 0.0047x2 + 0.4691x + 13.426

Wind Speed Airflow (L/s) n/a n/a 0.8992 n/a n/a y = 0.0259x2 + 0.0434x + 0.5189

Inversed of Temp. Diff. Airflow (L/s) n/a 0.7425 n/a n/a y = -1E+09x2 + 381981x + 43.573 n/a

Dry Bulb Temperature Operative Temperature 0.8306 0.9481 0.8278 y = 0.0046x2 + 0.4495x + 13.471 y = 0.0127x2 + 0.2379x + 12.909 y = 0.004x2 + 0.4649x + 13.522

Wind Speed Airflow (L/s) n/a n/a 0.8586 n/a n/a y = 0.0208x2 + 0.0439x + 0.454

Inversed of Temp. Diff. Airflow (L/s) n/a 0.6588 n/a n/a y = -1E+09x2 + 303220x + 28.277 n/a

Dry Bulb Temperature Operative Temperature 0.8281 0.9461 0.8250 y = 0.0047x2 + 0.466x + 13.268 y = 0.012x2 + 0.2755x + 12.551 y = 0.0042x2 + 0.4821x + 13.313

Wind Speed Airflow (L/s) n/a n/a 0.8859 n/a n/a y = 0.0216x2 + 0.0434x + 0.4645

Inversed of Temp. Diff. Airflow (L/s) n/a 0.6711 n/a n/a y = -1E+09x2 + 329005x + 27.603 n/a

Two windows can open (Sc 3) 

(North / South Windows)

Two windows can open (Sc 3) 

(East / West Windows)

Larger window (Sc 4) 

(Openable Window Area = 

60% of Window)

*More explanations of space operation scenarios are presented in Section 2 and Appendix C

Athens PRELUDE pilot

Infiltration only (Sc 1)

Window can open  (Sc 3) 

(South Facing Window)

Window can open (Sc 3) 

(North Facing Window)

Window can open (Sc 3)

(East Facing Window)

Window can open (Sc 3) 

(West Facing Window)

Window can open (Sc 4)

(Occupancy: Fully occupied 

throughtout the year)

Window open 1 hr (Sc 4) 

(Window opening: 09:00-10:00am 

1 hour only)

Larger space - window can open 

on long side (Sc 4)(Model: 9m 

Length with window x 6m x 3m)

Larger space window on short 

side (Sc 4) (Model: 6m Length 

with window x 9m x 3m)

Parameters Coefficient of determination (R2) Correlation Equation for Thermal Comfort and Ventilation

n/a n/a n/a n/a
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Table 4-5 Thermal and IAQ correlations for the Ry PRELUDE pilot 

 

Outdoor Indoor Annual NV time Only No-NV time Annual NV time Only No-NV time

Dry Bulb Temperature Operative Temperature 0.7062 y = 0.0086x2 + 0.3789x + 20.187

Wind Speed Airflow (L/s) 0.9396 y = 0.0247x2 + 0.0093x + 0.8732

Inversed of Temp. Diff. Airflow (L/s) 0.0412 y = 1E+07x2 - 2347.6x + 1.4318

Dry Bulb Temperature Operative Temperature 0.7035 0.8966 0.7192 y = 0.0097x2 + 0.2613x + 18.72 y = 0.0084x2 + 0.3756x + 15.44 y = 0.0099x2 + 0.2522x + 18.985

Wind Speed Airflow (L/s) n/a n/a 0.9306 n/a n/a y = 0.0237x2 + 0.0371x + 0.6833

Inversed of Temp. Diff. Airflow (L/s) n/a 0.972 n/a n/a y = -4E+08x2 + 296664x + 35.137 n/a

Dry Bulb Temperature Operative Temperature 0.6329 0.8775 0.6493 y = 0.0096x2 + 0.1601x + 18.338 y = 0.0086x2 + 0.2847x + 15.162 y = 0.0097x2 + 0.1506x + 18.596

Wind Speed Airflow (L/s) n/a n/a 0.9176 n/a n/a y = 0.0236x2 + 0.0412x + 0.639

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9794 n/a n/a y = -5E+08x2 + 342927x + 31.369 n/a

Dry Bulb Temperature Operative Temperature 0.6586 0.8451 0.6682 y = 0.0109x2 + 0.2437x + 18.512 y = 0.0089x2 + 0.3718x + 15.33 y = 0.0113x2 + 0.2333x + 18.768

Wind Speed Airflow (L/s) n/a n/a 0.9268 n/a n/a y = 0.0217x2 + 0.0523x + 0.6642

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9784 n/a n/a y = -5E+08x2 + 313690x + 33.507 n/a

Dry Bulb Temperature Operative Temperature 0.6696 0.8854 0.6767 y = 0.0122x2 + 0.24x + 18.488 y = 0.0113x2 + 0.3518x + 15.2 y = 0.0124x2 + 0.2312x + 18.754

Wind Speed Airflow (L/s) n/a n/a 0.9297 n/a n/a y = 0.0234x2 + 0.04x + 0.6819

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9738 n/a n/a y = -4E+08x2 + 301860x + 34.765 n/a

Dry Bulb Temperature Operative Temperature 0.7017 0.8981 0.7192 y = 0.0098x2 + 0.2579x + 18.678 y = 0.0084x2 + 0.3774x + 15.294 y = 0.01x2 + 0.2484x + 18.952

Wind Speed Airflow (L/s) n/a n/a 0.9332 n/a n/a y = 0.0243x2 + 0.0366x + 0.684

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8522 n/a n/a y = -4E+08x2 + 279715x + 40.536 n/a

Dry Bulb Temperature Operative Temperature 0.6583 0.8482 0.6692 y = 0.011x2 + 0.2431x + 18.481 y = 0.0088x2 + 0.3764x + 15.192 y = 0.0113x2 + 0.2323x + 18.746

Wind Speed Airflow (L/s) n/a n/a 0.93 n/a n/a y = 0.0223x2 + 0.0521x + 0.6656

Inversed of Temp. Diff. Airflow (L/s) n/a 0.8586 n/a n/a y = -4E+08x2 + 283343x + 40.303 n/a

Dry Bulb Temperature Operative Temperature 0.6546 0.9434 0.7127 y = 0.0096x2 + 0.2161x + 18.148 y = 0.0068x2 + 0.4416x + 12.965 y = 0.01x2 + 0.1984x + 18.569

Wind Speed Airflow (L/s) n/a n/a 0.9266 n/a n/a y = 0.0233x2 + 0.045x + 0.6354

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9796 n/a n/a y = -2E+09x2 + 949270x + 79.115 n/a

Dry Bulb Temperature Operative Temperature 0.7121 0.8954 0.7273 y = 0.0094x2 + 0.2885x + 18.827 y = 0.008x2 + 0.3998x + 15.556 y = 0.0097x2 + 0.2795x + 19.091

Wind Speed Airflow (L/s) n/a n/a 0.9338 n/a n/a y = 0.0239x2 + 0.0318x + 0.7166

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9682 n/a n/a y = -3E+08x2 + 233681x + 42.026 n/a

Dry Bulb Temperature Operative Temperature 0.7104 0.8959 0.7146 y = 0.0093x2 + 0.2962x + 19.202 y = 0.0137x2 + 0.4006x + 15.682 y = 0.0092x2 + 0.2887x + 19.369

Wind Speed Airflow (L/s) n/a n/a 0.9308 n/a n/a y = 0.0238x2 + 0.0313x + 0.7266

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9401 n/a n/a y = -4E+08x2 + 278873x + 37.919 n/a

Dry Bulb Temperature Operative Temperature 0.6989 0.8804 0.7085 y = 0.0089x2 + 0.2467x + 18.869 y = 0.008x2 + 0.3398x + 16.13 y = 0.0091x2 + 0.2393x + 19.09

Wind Speed Airflow (L/s) n/a n/a 0.9041 n/a n/a y = 0.0187x2 + 0.0388x + 0.6025

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9629 n/a n/a y = -3E+08x2 + 183160x + 24.619 n/a

Dry Bulb Temperature Operative Temperature 0.699 0.8798 0.7082 y = 0.009x2 + 0.2491x + 18.866 y = 0.0081x2 + 0.3413x + 16.125 y = 0.0092x2 + 0.2417x + 19.087

Wind Speed Airflow (L/s) n/a n/a 0.9309 n/a n/a y = 0.0182x2 + 0.0447x + 0.5962

Inversed of Temp. Diff. Airflow (L/s) n/a 0.9628 n/a n/a y = -3E+08x2 + 181847x + 24.743 n/a

Ry PRELUDE pilot

Infiltration only (Sc 1)

Window can open  (Sc 3) 

(South Facing Window)

Window can open (Sc 3) 

(North Facing Window)

Window can open (Sc 3)

(East Facing Window)

Window can open (Sc 3) 

(West Facing Window)

Two windows can open (Sc 3) 

(North / South Windows)

Two windows can open (Sc 3) 

(East / West Windows)

Larger window (Sc 4) 

(Openable Window Area = 

60% of Window)

Window can open (Sc 4)

(Occupancy: Fully occupied 

throughtout the year)

Window open 1 hr (Sc 4) 

(Window opening: 09:00-10:00am 

1 hour only)

Larger space - window can open 

on long side (Sc 4)(Model: 9m 

Length with window x 6m x 3m)

Larger space window on short 

side (Sc 4) (Model: 6m Length 

with window x 9m x 3m)

Parameters Coefficient of determination (R2) Correlation Equation for Thermal Comfort and Ventilation

n/a n/a n/a n/a
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Table 4-6 Daylighting correlations for the Geneva PRELUDE pilot 

 

  

Outdoor Indoor North East South West North East South West

05:00 0.9819 0.9917 0.965 0.9754 y = -0.0068x2 + 1.1967x + 0.1919 y = -0.0114x2 + 2.1517x + 0.0289 y = -0.0035x2 + 0.619x + 0.2023 y = -0.0032x2 + 0.6105x + 0.1744

06:00 0.9314 0.9747 0.8971 0.9375 y = -0.0009x2 + 0.984x + 1.0695 y = 0.0049x2 + 5.7343x - 22.354 y = -0.0007x2 + 0.5861x + 2.3886 y = -0.0006x2 + 0.5616x + 1.7549

07:00 0.83 0.9685 0.8333 0.9056 y = -0.0009x2 + 1.0785x + 4.2916 y = 0.0215x2 + 5.0611x - 48.01 y = -0.0009x2 + 0.8882x + 7.0169 y = -0.0006x2 + 0.7094x + 4.3848

08:00 0.6888 0.7111 0.8152 0.845 y = -0.0011x2 + 1.2152x + 10.942 y = -0.0055x2 + 17.641x - 631.61 y = -0.0013x2 + 1.3771x + 14.421 y = -0.0006x2 + 0.8118x + 10.99

09:00 0.5804 0.868 0.8685 0.7366 y = -0.001x2 + 1.2112x + 22.559 y = -0.0035x2 + 5.0942x - 114.82 y = -0.0018x2 + 2.0988x + 12.069 y = -0.0006x2 + 0.8403x + 29.109

10:00 0.546 0.8169 0.8848 0.6254 y = -0.0009x2 + 1.0903x + 54.937 y = -0.0022x2 + 3.56x - 58.514 y = -0.0024x2 + 3.0209x - 10.575 y = -0.0006x2 + 0.8608x + 67.379

11:00 0.6521 0.7933 0.7752 0.6594 y = -0.0009x2 + 1.1647x + 49.853 y = -0.0022x2 + 3.1305x - 54.005 y = -0.0031x2 + 4.1079x - 69.989 y = -0.0009x2 + 1.17x + 67.691

12:00 0.6856 0.7487 0.7783 0.7018 y = -0.0008x2 + 1.1109x + 57.294 y = -0.0019x2 + 2.4282x - 6.6283 y = -0.0032x2 + 4.4411x - 111.95 y = -0.0012x2 + 1.4835x + 62.042

13:00 0.6548 0.6665 0.6502 0.6808 y = -0.0008x2 + 1.0631x + 59.504 y = -0.0014x2 + 1.7982x + 37.455 y = -0.0029x2 + 4.1478x - 17.002 y = -0.0015x2 + 1.912x + 36.899

14:00 0.6073 0.5921 0.6995 0.7181 y = -0.0007x2 + 1.0218x + 73.689 y = -0.001x2 + 1.2874x + 82.844 y = -0.0032x2 + 4.4204x - 80.017 y = -0.0018x2 + 2.4651x + 7.8905

15:00 0.5593 0.5713 0.746 0.7832 y = -0.0009x2 + 1.1263x + 59.153 y = -0.0008x2 + 1.0382x + 78.551 y = -0.0032x2 + 4.0564x - 64.145 y = -0.0023x2 + 3.2368x - 53.107

16:00 0.5123 0.6127 0.8888 0.8239 y = -0.001x2 + 1.1636x + 44.267 y = -0.0007x2 + 0.8621x + 57.261 y = -0.0024x2 + 2.8694x - 16.09 y = -0.0024x2 + 3.804x - 83.377

17:00 0.6143 0.7701 0.856 0.8689 y = -0.0012x2 + 1.3135x + 20.307 y = -0.0007x2 + 0.8786x + 23.135 y = -0.0018x2 + 1.9671x + 13.456 y = -0.0028x2 + 4.3228x - 34.032

18:00 0.6791 0.8507 0.7898 0.9689 y = -0.0012x2 + 1.1906x + 16.893 y = -0.0007x2 + 0.7848x + 12.83 y = -0.0013x2 + 1.2528x + 17.258 y = 0.0228x2 + 2.9748x - 37.687

19:00 0.8109 0.8642 0.7824 0.9725 y = -0.0008x2 + 0.9754x + 7.5986 y = -0.0005x2 + 0.6123x + 5.5393 y = -0.0008x2 + 0.7673x + 7.432 y = 0.0228x2 + 2.9358x - 12.018

05:00 0.9809 0.9882 0.9492 0.9523 y = -0.0005x2 + 0.0902x + 0.0165 y = -0.0006x2 + 0.1162x + 0.0124 y = -0.0003x2 + 0.051x + 0.02 y = -0.0003x2 + 0.0492x + 0.0192

06:00 0.9585 0.9709 0.9022 0.9103 y = -5E-05x2 + 0.0926x + 0.0287 y = -5E-05x2 + 0.201x - 0.3889 y = -5E-05x2 + 0.0519x + 0.2148 y = -5E-05x2 + 0.0479x + 0.1968

07:00 0.8817 0.979 0.879 0.8871 y = -3E-05x2 + 0.0872x + 0.3869 y = 8E-05x2 + 0.224x - 0.7984 y = -6E-05x2 + 0.0778x + 0.6083 y = -4E-05x2 + 0.0641x + 0.5565

08:00 0.7933 0.9836 0.9087 0.8454 y = -6E-05x2 + 0.1011x + 1.1816 y = -2E-05x2 + 0.2938x - 3.9035 y = -9E-05x2 + 0.1234x + 1.2189 y = -4E-05x2 + 0.0776x + 1.3864

09:00 0.7368 0.9816 0.922 0.797 y = -6E-05x2 + 0.1062x + 2.6364 y = -4E-05x2 + 0.289x - 5.5208 y = -0.0001x2 + 0.2052x - 0.4512 y = -4E-05x2 + 0.0856x + 3.1798

10:00 0.7188 0.9751 0.863 0.7592 y = -5E-05x2 + 0.1016x + 6.2061 y = -6E-05x2 + 0.259x - 3.5543 y = -0.0002x2 + 0.2856x - 5.0426 y = -4E-05x2 + 0.0899x + 6.8854

11:00 0.7766 0.9357 0.8238 0.7891 y = -6E-05x2 + 0.1201x + 5.5744 y = -9E-05x2 + 0.2339x - 2.2889 y = -0.0002x2 + 0.3229x - 9.288 y = -6E-05x2 + 0.1218x + 6.2764

12:00 0.7884 0.8495 0.8126 0.7946 y = -6E-05x2 + 0.1255x + 5.5679 y = -0.0001x2 + 0.2036x + 0.4119 y = -0.0001x2 + 0.3323x - 11.386 y = -8E-05x2 + 0.1488x + 5.1585

13:00 0.778 0.7747 0.8095 0.8025 y = -6E-05x2 + 0.1255x + 5.6145 y = -1E-04x2 + 0.17x + 3.3516 y = -0.0001x2 + 0.3214x - 9.4445 y = -0.0001x2 + 0.1761x + 3.3204

14:00 0.7173 0.7071 0.8054 0.8941 y = -5E-05x2 + 0.1118x + 8.1521 y = -7E-05x2 + 0.1291x + 8.0272 y = -0.0001x2 + 0.3384x - 11.814 y = -9E-05x2 + 0.1962x + 2.7464

15:00 0.67 0.6807 0.8163 0.9622 y = -6E-05x2 + 0.1113x + 7.176 y = -5E-05x2 + 0.1079x + 8.0103 y = -0.0002x2 + 0.3246x - 9.9808 y = -8E-05x2 + 0.2347x - 1.4797

16:00 0.6631 0.7082 0.8605 0.9806 y = -6E-05x2 + 0.1049x + 5.3358 y = -4E-05x2 + 0.0892x + 6.1041 y = -0.0002x2 + 0.2763x - 4.8066 y = -5E-05x2 + 0.2606x - 3.754

17:00 0.7282 0.7878 0.9043 0.9702 y = -7E-05x2 + 0.1132x + 2.3362 y = -5E-05x2 + 0.0895x + 2.6621 y = -0.0001x2 + 0.186x + 0.2052 y = -7E-06x2 + 0.2643x - 3.0219

18:00 0.7709 0.8274 0.8641 0.9819 y = -6E-05x2 + 0.096x + 1.6381 y = -5E-05x2 + 0.0736x + 1.5616 y = -9E-05x2 + 0.1088x + 1.5075 y = 9E-06x2 + 0.2738x - 1.6967

19:00 0.8879 0.8408 0.8263 0.9672 y = -1E-05x2 + 0.0779x + 0.6477 y = -4E-05x2 + 0.055x + 0.6362 y = -5E-05x2 + 0.0659x + 0.6844 y = 8E-05x2 + 0.2254x - 0.5994

With

Internal 

Blind

Global

Solar 

Radiation 

(W/m2)

Zone

Illuminance 

(lux)

Geneva 

PRELUDE 

pilot

Parameters Time Geneva Coefficient of determination (R2) Geneva - Correlation Equation for Daylighting ( x = global solar radiation (W/m2); y = zone illuminance (lux) )

No 

Shading

Global

Solar 

Radiation 

(W/m2)

Zone

Illuminance 

(lux)
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Table 4-7 Daylighting correlations for the Turin PRELUDE pilot 

 

  

Outdoor Indoor North East South West North East South West

05:00 0.9761 0.9884 0.9542 0.9692 y = -0.0046x2 + 0.7754x + 0.1618 y = -0.0075x2 + 1.4277x + 0.0065 y = -0.0026x2 + 0.4243x + 0.1674 y = -0.0023x2 + 0.4108x + 0.1418

06:00 0.9136 0.9767 0.874 0.9237 y = -0.0006x2 + 0.6276x + 0.7148 y = 0.0033x2 + 3.7588x - 16.733 y = -0.0005x2 + 0.3942x + 1.5128 y = -0.0004x2 + 0.3641x + 1.0424

07:00 0.7825 0.9716 0.7924 0.8854 y = -0.0005x2 + 0.633x + 3.7465 y = 0.0149x2 + 2.9962x - 35.66 y = -0.0005x2 + 0.5484x + 5.2191 y = -0.0003x2 + 0.4176x + 3.58

08:00 0.6405 0.751 0.8059 0.8211 y = -0.0007x2 + 0.7657x + 6.8841 y = 0.0008x2 + 7.0621x - 289.85 y = -0.0009x2 + 0.8945x + 8.9736 y = -0.0004x2 + 0.5097x + 7.2363

09:00 0.4485 0.7695 0.8274 0.6191 y = -0.0006x2 + 0.6951x + 17.783 y = -0.002x2 + 3.1135x - 112.56 y = -0.0012x2 + 1.3142x + 8.6114 y = -0.0004x2 + 0.4883x + 21.807

10:00 0.3214 0.6705 0.8331 0.3774 y = -0.0004x2 + 0.5514x + 54.085 y = -0.0012x2 + 1.9457x - 14.495 y = -0.0016x2 + 1.9932x - 17.135 y = -0.0003x2 + 0.4284x + 62.869

11:00 0.3776 0.5508 0.5078 0.3468 y = -0.0004x2 + 0.5924x + 49.609 y = -0.0012x2 + 1.6576x - 1.5954 y = -0.002x2 + 2.5763x - 5.6935 y = -0.0005x2 + 0.5864x + 67.646

12:00 0.4395 0.5125 0.578 0.4539 y = -0.0005x2 + 0.6142x + 49.328 y = -0.0011x2 + 1.3801x + 13.486 y = -0.002x2 + 2.8427x - 77.483 y = -0.0007x2 + 0.8518x + 57.773

13:00 0.385 0.4191 0.4469 0.4343 y = -0.0004x2 + 0.6043x + 45.058 y = -0.0008x2 + 1.0234x + 34.137 y = -0.0021x2 + 2.8605x - 49.419 y = -0.001x2 + 1.1686x + 28.623

14:00 0.3143 0.3113 0.5577 0.4497 y = -0.0004x2 + 0.5706x + 60.776 y = -0.0006x2 + 0.6669x + 78.683 y = -0.0022x2 + 2.9087x - 96.477 y = -0.0011x2 + 1.4638x + 24.244

15:00 0.3331 0.3411 0.7568 0.598 y = -0.0005x2 + 0.6275x + 52.116 y = -0.0004x2 + 0.5451x + 65.432 y = -0.0018x2 + 2.3045x - 34.162 y = -0.0014x2 + 1.9213x - 14.579

16:00 0.3285 0.427 0.8296 0.7046 y = -0.0005x2 + 0.639x + 36.832 y = -0.0003x2 + 0.4471x + 44.073 y = -0.0013x2 + 1.6032x + 0.3531 y = -0.0014x2 + 2.2959x - 51.504

17:00 0.5336 0.714 0.813 0.7465 y = -0.0007x2 + 0.7336x + 14.892 y = -0.0004x2 + 0.4854x + 15.303 y = -0.001x2 + 1.0932x + 10.891 y = -0.002x2 + 3.0812x - 39.757

18:00 0.6496 0.8213 0.749 0.9643 y = -0.0006x2 + 0.6622x + 11.743 y = -0.0003x2 + 0.4386x + 7.9706 y = -0.0007x2 + 0.6966x + 10.741 y = 0.0152x2 + 1.266x - 0.8224

19:00 0.8618 0.9002 0.8368 0.9673 y = -0.0006x2 + 0.6719x + 4.0739 y = -0.0004x2 + 0.4144x + 3.1709 y = -0.0006x2 + 0.5091x + 4.2883 y = 0.0132x2 + 2.265x - 13.047

05:00 0.9756 0.9852 0.9349 0.9398 y = -0.0003x2 + 0.0529x + 0.0122 y = -0.0004x2 + 0.0697x + 0.0085 y = -0.0002x2 + 0.0315x + 0.0147 y = -0.0002x2 + 0.0301x + 0.014

06:00 0.9509 0.9776 0.8827 0.8946 y = -3E-05x2 + 0.0517x + 0.0214 y = -5E-05x2 + 0.1266x - 0.2185 y = -3E-05x2 + 0.0311x + 0.1203 y = -3E-05x2 + 0.0283x + 0.1083

07:00 0.8668 0.9781 0.8515 0.8626 y = -2E-05x2 + 0.0457x + 0.2823 y = 3E-05x2 + 0.1516x - 1.1792 y = -3E-05x2 + 0.0425x + 0.3957 y = -2E-05x2 + 0.0339x + 0.3643

08:00 0.7393 0.9784 0.9004 0.805 y = -4E-05x2 + 0.0559x + 0.6537 y = 1E-05x2 + 0.1575x - 2.806 y = -5E-05x2 + 0.0715x + 0.5407 y = -2E-05x2 + 0.0427x + 0.7851

09:00 0.6225 0.9666 0.8912 0.6995 y = -2E-05x2 + 0.05x + 2.0918 y = -3E-06x2 + 0.1459x - 3.1711 y = -8E-05x2 + 0.1147x - 0.3326 y = -1E-05x2 + 0.0394x + 2.4443

10:00 0.5414 0.9605 0.7872 0.5941 y = -1E-05x2 + 0.0382x + 6.1165 y = -2E-05x2 + 0.129x - 0.9237 y = -0.0001x2 + 0.1798x - 6.0676 y = -7E-06x2 + 0.0328x + 6.5104

11:00 0.5845 0.8832 0.7411 0.589 y = -2E-05x2 + 0.0478x + 5.9264 y = -4E-05x2 + 0.1109x + 0.9407 y = -0.0001x2 + 0.2096x - 10.654 y = -2E-05x2 + 0.0491x + 6.4988

12:00 0.6195 0.7119 0.7348 0.5993 y = -3E-05x2 + 0.0587x + 4.9423 y = -6E-05x2 + 0.1007x + 1.924 y = -9E-05x2 + 0.2066x - 11.652 y = -4E-05x2 + 0.0728x + 4.7652

13:00 0.6039 0.5752 0.7093 0.601 y = -3E-05x2 + 0.0602x + 4.302 y = -5E-05x2 + 0.0845x + 2.8546 y = -9E-05x2 + 0.212x - 12.655 y = -6E-05x2 + 0.0923x + 2.4256

14:00 0.5323 0.5112 0.7123 0.7923 y = -2E-05x2 + 0.0499x + 6.7117 y = -3E-05x2 + 0.0571x + 6.9993 y = -0.0001x2 + 0.2219x - 14.78 y = -5E-05x2 + 0.1021x + 2.6572

15:00 0.4913 0.5196 0.7547 0.9342 y = -3E-05x2 + 0.0507x + 5.5918 y = -2E-05x2 + 0.0476x + 6.1048 y = -0.0001x2 + 0.1913x - 8.7039 y = -4E-05x2 + 0.1256x - 0.5493

16:00 0.4926 0.5649 0.8264 0.968 y = -2E-05x2 + 0.0477x + 3.8105 y = -2E-05x2 + 0.0385x + 4.2315 y = -9E-05x2 + 0.1467x - 2.8619 y = -2E-05x2 + 0.1407x - 2.1602

17:00 0.6436 0.7191 0.9089 0.9637 y = -3E-05x2 + 0.054x + 1.3837 y = -2E-05x2 + 0.0417x + 1.4997 y = -7E-05x2 + 0.0938x + 0.2989 y = 1E-05x2 + 0.144x - 1.9325

18:00 0.7346 0.788 0.8184 0.9566 y = -2E-05x2 + 0.045x + 0.9919 y = -2E-05x2 + 0.0352x + 0.8523 y = -4E-05x2 + 0.0522x + 0.851 y = 4E-05x2 + 0.1398x - 0.6764

19:00 0.91 0.8698 0.8596 0.9584 y = -1E-05x2 + 0.0485x + 0.2875 y = -3E-05x2 + 0.0331x + 0.3185 y = -4E-05x2 + 0.0389x + 0.3465 y = 9E-05x2 + 0.1112x - 0.1949

Time Turin Coefficient of determination (R2) Turin (Italy) - Correlation Equation for Daylighting ( x = global solar radiation (W/m2); y = zone illuminance (lux) )
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Table 4-8 Daylighting correlations for the Krakow PRELUDE pilot 

  
  

Outdoor Indoor North East South West North East South West

05:00 0.9289 0.9827 0.8912 0.9273 y = -0.001x2 + 1.2092x + 1.4237 y = 0.0104x2 + 4.4287x - 12.12 y = -0.0011x2 + 0.7927x + 2.4338 y = -0.0008x2 + 0.6903x + 2.0767

06:00 0.8335 0.9689 0.8245 0.8894 y = -0.0013x2 + 1.3129x + 5.7776 y = 0.026x2 + 3.7478x - 29.787 y = -0.0013x2 + 1.1023x + 7.595 y = -0.0008x2 + 0.8085x + 5.8616

07:00 0.7166 0.7525 0.8347 0.8413 y = -0.0015x2 + 1.4489x + 10.015 y = -0.0003x2 + 12.302x - 345.01 y = -0.0017x2 + 1.6277x + 10.925 y = -0.0008x2 + 0.912x + 11.071

08:00 0.6513 0.6208 0.8904 0.7738 y = -0.0013x2 + 1.4108x + 16.325 y = -0.0023x2 + 6.5699x - 245.28 y = -0.0021x2 + 2.2999x + 2.1558 y = -0.0008x2 + 0.9539x + 23.183

09:00 0.6071 0.8533 0.9085 0.6729 y = -0.001x2 + 1.2325x + 38.166 y = -0.0022x2 + 3.6642x - 63.963 y = -0.0025x2 + 3.1304x - 24.812 y = -0.0007x2 + 0.9652x + 51.178

10:00 0.6460 0.8155 0.8259 0.6405 y = -0.0009x2 + 1.112x + 57.293 y = -0.002x2 + 2.9738x - 22.563 y = -0.0029x2 + 4.0177x - 36.704 y = -0.0009x2 + 1.1233x + 70.226

11:00 0.6845 0.7375 0.8364 0.6644 y = -0.0008x2 + 1.094x + 60.166 y = -0.0019x2 + 2.4704x + 1.3646 y = -0.003x2 + 4.3351x - 51.914 y = -0.0012x2 + 1.5062x + 59.112

12:00 0.6885 0.7046 0.8262 0.7054 y = -0.0008x2 + 1.0854x + 62.672 y = -0.0016x2 + 1.96x + 31.486 y = -0.0029x2 + 4.3328x - 67.263 y = -0.0017x2 + 2.0088x + 32.008

13:00 0.6707 0.6750 0.7885 0.7625 y = -0.0009x2 + 1.166x + 48.383 y = -0.0013x2 + 1.5761x + 39.872 y = -0.0029x2 + 4.2522x - 40.447 y = -0.0021x2 + 2.7295x - 31.968

14:00 0.6098 0.6204 0.8293 0.7919 y = -0.001x2 + 1.213x + 51.941 y = -0.001x2 + 1.1894x + 63.725 y = -0.0031x2 + 4.1265x - 66.162 y = -0.0023x2 + 3.2755x - 42.794

15:00 0.5421 0.6069 0.8939 0.8197 y = -0.0011x2 + 1.27x + 38.032 y = -0.0008x2 + 0.9736x + 49.315 y = -0.0024x2 + 2.965x - 15.814 y = -0.0023x2 + 3.7055x - 59.076

16:00 0.6694 0.7777 0.8875 0.8712 y = -0.0015x2 + 1.4955x + 17.032 y = -0.0009x2 + 1x + 21.258 y = -0.0021x2 + 2.262x + 5.5088 y = -0.0027x2 + 4.4786x - 35.071

17:00 0.6819 0.8086 0.7891 0.8007 y = -0.0014x2 + 1.3893x + 16.64 y = -0.0007x2 + 0.8625x + 14.24 y = -0.0016x2 + 1.508x + 15.736 y = -0.0041x2 + 5.6588x - 21.353

18:00 0.8114 0.8755 0.7990 0.9509 y = -0.0011x2 + 1.1995x + 12.179 y = -0.0007x2 + 0.7676x + 8.9963 y = -0.0012x2 + 1.01x + 11.731 y = 0.0172x2 + 5.0553x - 47.765

19:00 0.9488 0.9215 0.8885 0.9789 y = -0.0014x2 + 1.3278x + 2.8659 y = -0.0011x2 + 0.7406x + 2.9048 y = -0.0013x2 + 0.8263x + 3.4524 y = 0.0032x2 + 3.6414x - 5.2286

05:00 0.9273 0.9711 0.8911 0.8960 y = -3E-05x2 + 0.1007x + 0.0658 y = 4E-05x2 + 0.1894x - 0.2261 y = -9E-05x2 + 0.0653x + 0.2145 y = -7E-05x2 + 0.0589x + 0.2073

06:00 0.8834 0.9865 0.8582 0.8616 y = -5E-05x2 + 0.0994x + 0.4889 y = 8E-05x2 + 0.2337x - 0.9905 y = -9E-05x2 + 0.0892x + 0.6397 y = -6E-05x2 + 0.0724x + 0.6182

07:00 0.7807 0.9818 0.8991 0.8209 y = -9E-05x2 + 0.1119x + 1.0032 y = 2E-05x2 + 0.2664x - 2.6815 y = -0.0001x2 + 0.1316x + 0.8227 y = -6E-05x2 + 0.0855x + 1.152

08:00 0.7376 0.9773 0.9393 0.7879 y = -8E-05x2 + 0.1143x + 1.9921 y = 1E-06x2 + 0.2537x - 3.4498 y = -0.0001x2 + 0.192x - 0.4398 y = -5E-05x2 + 0.0918x + 2.4186

09:00 0.7245 0.9708 0.8967 0.7605 y = -6E-05x2 + 0.107x + 4.5213 y = -3E-05x2 + 0.2371x - 2.3508 y = -0.0001x2 + 0.2535x - 3.0473 y = -5E-05x2 + 0.0942x + 5.1666

10:00 0.7709 0.9526 0.8806 0.7808 y = -6E-05x2 + 0.1078x + 6.148 y = -7E-05x2 + 0.2135x - 0.0998 y = -0.0001x2 + 0.3035x - 7.1679 y = -6E-05x2 + 0.1099x + 6.586

11:00 0.7974 0.8699 0.8669 0.7977 y = -6E-05x2 + 0.1163x + 5.867 y = -0.0001x2 + 0.1905x + 1.7579 y = -0.0001x2 + 0.3004x - 7.0108 y = -8E-05x2 + 0.1395x + 5.3736

12:00 0.7945 0.8011 0.8668 0.8154 y = -6E-05x2 + 0.1196x + 5.8667 y = -0.0001x2 + 0.1671x + 3.602 y = -8E-05x2 + 0.2914x - 6.7535 y = -0.0001x2 + 0.1698x + 3.6085

13:00 0.7705 0.7684 0.8699 0.9042 y = -7E-05x2 + 0.1216x + 5.0575 y = -9E-05x2 + 0.1441x + 4.271 y = -9E-05x2 + 0.2888x - 5.7867 y = -0.0001x2 + 0.2026x + 0.361

14:00 0.6869 0.6974 0.8694 0.9582 y = -7E-05x2 + 0.115x + 5.875 y = -7E-05x2 + 0.115x + 6.2934 y = -0.0001x2 + 0.289x - 6.4261 y = -8E-05x2 + 0.2247x - 0.8464

15:00 0.6463 0.6819 0.8949 0.9741 y = -7E-05x2 + 0.1109x + 4.2828 y = -6E-05x2 + 0.0966x + 4.8611 y = -0.0001x2 + 0.2472x - 2.4979 y = -4E-05x2 + 0.2434x - 2.3626

16:00 0.7416 0.7867 0.9207 0.9735 y = -9E-05x2 + 0.1234x + 1.8371 y = -7E-05x2 + 0.099x + 2.1315 y = -0.0001x2 + 0.1896x + 0.0103 y = 3E-06x2 + 0.2546x - 2.5368

17:00 0.7477 0.7895 0.8574 0.9731 y = -8E-05x2 + 0.106x + 1.5051 y = -6E-05x2 + 0.0806x + 1.4685 y = -0.0001x2 + 0.1212x + 1.2514 y = 5E-05x2 + 0.2478x - 1.3677

18:00 0.8679 0.8310 0.8258 0.9620 y = -3E-05x2 + 0.0878x + 1.0084 y = -5E-05x2 + 0.0655x + 0.9482 y = -7E-05x2 + 0.0802x + 1.0131 y = 0.0001x2 + 0.1964x - 0.2809

19:00 0.9587 0.8873 0.8833 0.9670 y = -2E-06x2 + 0.106x + 0.2052 y = -9E-05x2 + 0.0611x + 0.2986 y = -0.0001x2 + 0.067x + 0.3119 y = 0.0001x2 + 0.1799x - 0.056
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Table 4-9 Daylighting correlations for the Athens PRELUDE pilot 

 

  

Outdoor Indoor North East South West North East South West

06:00 0.8961 0.9420 0.8967 0.9260 y = -0.0011x2 + 0.8899x + 0.1604 y = 0.0567x2 - 0.4941x - 1.1967 y = -0.002x2 + 0.7014x + 0.3137 y = -0.0013x2 + 0.6096x + 0.1561

07:00 0.8769 0.9767 0.9009 0.9450 y = -0.0007x2 + 0.9655x - 4.3594 y = 0.0247x2 + 4.2076x - 38.963 y = -0.0009x2 + 0.8537x + 1.1258 y = -0.0006x2 + 0.6848x - 1.5215

08:00 0.7114 0.6607 0.8601 0.8740 y = -0.0009x2 + 1.0902x - 8.01 y = -0.0031x2 + 13.921x - 685.25 y = -0.0014x2 + 1.4126x + 4.7726 y = -0.0006x2 + 0.7911x - 0.9062

09:00 0.4331 0.7501 0.7871 0.6307 y = -0.0007x2 + 0.8964x + 46.129 y = -0.0025x2 + 4.1999x - 111.27 y = -0.0021x2 + 2.2916x + 25.69 y = -0.0004x2 + 0.6772x + 51.592

10:00 0.3880 0.7206 0.7214 0.4610 y = -0.0007x2 + 0.936x + 69.278 y = -0.0023x2 + 3.7221x - 127.44 y = -0.0034x2 + 3.8666x - 77.679 y = -0.0005x2 + 0.7598x + 96.488

11:00 0.4480 0.6272 0.6408 0.4013 y = -0.0006x2 + 0.9565x + 68.629 y = -0.002x2 + 2.9442x - 50.854 y = -0.0046x2 + 5.5642x - 278.79 y = -0.0007x2 + 0.9831x + 114.17

12:00 0.4971 0.5037 0.5914 0.4209 y = -0.0005x2 + 0.8918x + 73.242 y = -0.0015x2 + 2.0912x + 35.584 y = -0.0052x2 + 6.5205x - 411.89 y = -0.001x2 + 1.2992x + 106.93

13:00 0.4687 0.3892 0.5858 0.4449 y = -0.0005x2 + 0.8784x + 74.36 y = -0.0011x2 + 1.4626x + 95.796 y = -0.0056x2 + 6.9956x - 507.93 y = -0.0014x2 + 1.8452x + 66.47

14:00 0.3913 0.3203 0.6177 0.5364 y = -0.0006x2 + 0.8695x + 84.978 y = -0.0008x2 + 1.0097x + 131.77 y = -0.005x2 + 6.1606x - 388.26 y = -0.0018x2 + 2.558x - 0.515

15:00 0.3656 0.3962 0.7486 0.6733 y = -0.0006x2 + 0.9181x + 77.59 y = -0.0006x2 + 0.8077x + 106.38 y = -0.0039x2 + 4.5914x - 165.5 y = -0.0022x2 + 3.3669x - 79.401

16:00 0.3566 0.5297 0.8393 0.7577 y = -0.0006x2 + 0.8704x + 67.814 y = -0.0004x2 + 0.6465x + 76.247 y = -0.0026x2 + 2.8828x - 10.131 y = -0.0024x2 + 4.0568x - 139.64

17:00 0.5111 0.7456 0.7428 0.7556 y = -0.0006x2 + 0.8825x + 17.608 y = -0.0004x2 + 0.645x + 20.284 y = -0.0015x2 + 1.5759x + 19.761 y = -0.0017x2 + 3.4955x - 25.427

18:00 0.8019 0.9218 0.8631 0.9766 y = -0.0007x2 + 0.9018x + 8.3536 y = -0.0005x2 + 0.6753x + 5.6416 y = -0.001x2 + 0.9741x + 10.253 y = 0.0196x2 + 4.7447x - 49.726

19:00 0.9392 0.9738 0.9468 0.9462 y = -0.001x2 + 1.0283x + 1.852 y = -0.0008x2 + 0.6826x + 1.3459 y = -0.0012x2 + 0.7924x + 2.1168 y = 0.0281x2 - 0.1462x + 5.9939

06:00 0.9181 0.9431 0.8988 0.9049 y = 0.0002x2 + 0.0459x + 0.0042 y = 0.0011x2 + 0.0493x - 0.0314 y = -1E-04x2 + 0.0465x + 0.0202 y = -7E-05x2 + 0.0409x + 0.0165

07:00 0.9142 0.9802 0.9349 0.9368 y = 4E-06x2 + 0.0609x - 0.2765 y = 0.0001x2 + 0.1835x - 1.0084 y = -4E-05x2 + 0.0618x + 0.0194 y = -3E-05x2 + 0.05x - 0.0788

08:00 0.8327 0.9769 0.9228 0.8845 y = -3E-05x2 + 0.0732x - 0.5156 y = -8E-06x2 + 0.2684x - 7.776 y = -8E-05x2 + 0.107x + 0.3094 y = -2E-05x2 + 0.0586x + 0.0312

09:00 0.7108 0.9442 0.7038 0.7743 y = -5E-06x2 + 0.0544x + 4.2901 y = -9E-05x2 + 0.2826x - 10.926 y = -0.0002x2 + 0.209x - 3.1703 y = 3E-06x2 + 0.0442x + 4.8181

10:00 0.7146 0.9011 0.5166 0.7518 y = -5E-06x2 + 0.0577x + 7.3549 y = -0.0002x2 + 0.2827x - 14.587 y = -0.0002x2 + 0.3193x - 16.117 y = -7E-07x2 + 0.0514x + 8.3994

11:00 0.7621 0.9229 0.4290 0.7626 y = -7E-06x2 + 0.0654x + 7.5713 y = -0.0001x2 + 0.186x - 3.6367 y = -0.0003x2 + 0.3714x - 25.157 y = -1E-05x2 + 0.0688x + 8.8761

12:00 0.8012 0.7867 0.4071 0.7781 y = -5E-06x2 + 0.0662x + 7.6734 y = -5E-05x2 + 0.1216x + 4.5056 y = -0.0003x2 + 0.3845x - 28.085 y = -2E-05x2 + 0.0858x + 8.1265

13:00 0.7980 0.7630 0.3859 0.7632 y = -2E-06x2 + 0.063x + 8.447 y = -3E-05x2 + 0.0906x + 8.1365 y = -0.0003x2 + 0.4067x - 33.16 y = -4E-05x2 + 0.1073x + 6.6304

14:00 0.7550 0.7402 0.3885 0.8179 y = -1E-06x2 + 0.0592x + 9.2802 y = -1E-05x2 + 0.0678x + 10.408 y = -0.0003x2 + 0.398x - 31.678 y = -8E-05x2 + 0.1515x + 1.3173

15:00 0.7001 0.7246 0.4920 0.8784 y = -3E-06x2 + 0.0578x + 8.0904 y = -3E-06x2 + 0.0549x + 9.0269 y = -0.0003x2 + 0.3551x - 21.686 y = -0.0002x2 + 0.2575x - 11.663

16:00 0.6820 0.7426 0.6786 0.9271 y = 9E-07x2 + 0.0491x + 6.7 y = 8E-06x2 + 0.0402x + 7.1801 y = -0.0002x2 + 0.2638x - 9.0607 y = -0.0001x2 + 0.2937x - 12.926

17:00 0.7546 0.8213 0.8281 0.9544 y = -6E-06x2 + 0.0551x + 1.4637 y = 2E-06x2 + 0.0436x + 1.8862 y = -0.0001x2 + 0.1339x + 0.116 y = -2E-05x2 + 0.2598x - 9.2957

18:00 0.8778 0.9128 0.9191 0.9699 y = -9E-06x2 + 0.0572x + 0.5653 y = -2E-05x2 + 0.0476x + 0.5426 y = -4E-05x2 + 0.0673x + 0.6277 y = 5E-05x2 + 0.2327x - 1.7207

19:00 0.9429 0.9544 0.9507 0.9561 y = 5E-05x2 + 0.0605x + 0.1204 y = -5E-05x2 + 0.047x + 0.1312 y = -6E-05x2 + 0.054x + 0.147 y = 0.0004x2 + 0.103x + 0.0151

Time Coefficient of determination (R2) Athens - Correlation Equation for Daylighting ( x = global solar radiation (W/m2); y = zone illuminance (lux) )
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Table 4-10 Daylighting correlations for the Athens PRELUDE pilot (for overhang / balcony shading) 

 

  

Outdoor Indoor North East South West North East South West

06:00 0.8981 0.9423 0.8996 0.9288 y = -0.0009x2 + 0.8468x + 0.1345 y = 0.0568x2 - 0.5452x - 1.2265 y = -0.0019x2 + 0.6672x + 0.2829 y = -0.0012x2 + 0.582x + 0.1286

07:00 0.8802 0.9768 0.9049 0.9484 y = -0.0007x2 + 0.9267x - 4.4304 y = 0.0248x2 + 4.141x - 38.828 y = -0.0008x2 + 0.8133x + 0.9015 y = -0.0005x2 + 0.658x - 1.7603

08:00 0.7221 0.6575 0.8631 0.8827 y = -0.0008x2 + 1.0471x - 8.897 y = -0.0031x2 + 13.856x - 686.08 y = -0.0013x2 + 1.3321x + 5.0841 y = -0.0005x2 + 0.7601x - 2.1688

09:00 0.4549 0.7462 0.8000 0.6561 y = -0.0006x2 + 0.8602x + 40.42 y = -0.0031x2 + 4.5764x - 166.17 y = -0.0021x2 + 2.1795x + 24.109 y = -0.0004x2 + 0.6567x + 44.761

10:00 0.4194 0.7224 0.7255 0.4949 y = -0.0006x2 + 0.8984x + 59.878 y = -0.0029x2 + 3.9406x - 171.36 y = -0.0033x2 + 3.7213x - 79.171 y = -0.0005x2 + 0.7327x + 85.179

11:00 0.4861 0.6030 0.6266 0.4260 y = -0.0006x2 + 0.9153x + 57.972 y = -0.0022x2 + 2.9062x - 65.439 y = -0.0046x2 + 5.3597x - 272.13 y = -0.0007x2 + 0.9324x + 102.19

12:00 0.5372 0.4947 0.5791 0.4332 y = -0.0005x2 + 0.8506x + 62.126 y = -0.0015x2 + 1.9529x + 33.781 y = -0.0052x2 + 6.295x - 402.12 y = -0.0009x2 + 1.2119x + 97.83

13:00 0.5114 0.3978 0.5808 0.4391 y = -0.0005x2 + 0.8397x + 62.595 y = -0.001x2 + 1.3585x + 88.997 y = -0.0056x2 + 6.7588x - 493.77 y = -0.0013x2 + 1.7024x + 64.778

14:00 0.4340 0.3391 0.6131 0.5026 y = -0.0005x2 + 0.8345x + 72.28 y = -0.0007x2 + 0.9535x + 118.83 y = -0.005x2 + 5.9657x - 381.67 y = -0.0019x2 + 2.4525x - 6.9077

15:00 0.3992 0.4281 0.7430 0.6916 y = -0.0006x2 + 0.8797x + 67.3 y = -0.0005x2 + 0.7727x + 94.693 y = -0.0039x2 + 4.4433x - 167.09 y = -0.0027x2 + 3.5644x - 123.05

16:00 0.3818 0.5633 0.8556 0.7571 y = -0.0006x2 + 0.8341x + 60.166 y = -0.0004x2 + 0.6241x + 67.589 y = -0.0026x2 + 2.7482x - 10.385 y = -0.0029x2 + 4.2425x - 173.45

17:00 0.5257 0.7653 0.7478 0.7653 y = -0.0006x2 + 0.8468x + 14.876 y = -0.0004x2 + 0.6213x + 17.08 y = -0.0014x2 + 1.4863x + 19.93 y = -0.0021x2 + 3.8845x - 69.761

18:00 0.8076 0.9278 0.8679 0.9767 y = -0.0007x2 + 0.8749x + 7.3181 y = -0.0005x2 + 0.6466x + 4.8422 y = -0.0009x2 + 0.9236x + 9.4184 y = 0.0196x2 + 4.6806x - 50.598

19:00 0.9411 0.9761 0.9498 0.9463 y = -0.0009x2 + 0.9819x + 1.6591 y = -0.0008x2 + 0.6531x + 1.1603 y = -0.0011x2 + 0.7542x + 1.9165 y = 0.0282x2 - 0.2061x + 5.7897

Time Coefficient of determination (R2) Athens - Correlation Equation for Daylighting ( x = global solar radiation (W/m2); y = zone illuminance (lux) )Athens 
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Table 4-11 Daylighting correlations for the Ry PRELUDE pilot 

 

  

Outdoor Indoor North East South West North East South West

05:00 0.9294 0.9736 0.8683 0.9050 y = -0.0009x2 + 0.9117x + 0.3918 y = -0.0014x2 + 1.7728x - 1.3867 y = -0.0008x2 + 0.4975x + 0.8895 y = -0.0006x2 + 0.4647x + 0.7254

06:00 0.8789 0.9758 0.8445 0.9118 y = -0.001x2 + 0.9682x + 2.2175 y = 0.0094x2 + 4.2591x - 24.084 y = -0.0008x2 + 0.6644x + 3.2682 y = -0.0005x2 + 0.5404x + 2.5402

07:00 0.7694 0.8805 0.7949 0.8850 y = -0.001x2 + 0.9768x + 6.0148 y = 0.0179x2 + 3.3549x - 33.986 y = -0.0009x2 + 0.8858x + 7.0803 y = -0.0005x2 + 0.6072x + 5.2633

08:00 0.7243 0.8397 0.8489 0.8576 y = -0.001x2 + 1.0381x + 9.8011 y = -0.0038x2 + 4.9797x - 47.56 y = -0.0013x2 + 1.3177x + 8.9513 y = -0.0006x2 + 0.6906x + 9.3965

09:00 0.7311 0.8605 0.9240 0.8197 y = -0.001x2 + 1.0484x + 7.5638 y = -0.0027x2 + 3.8484x - 71.596 y = -0.0017x2 + 1.919x - 5.0873 y = -0.0006x2 + 0.7776x + 11.974

10:00 0.6795 0.8520 0.9302 0.7104 y = -0.0007x2 + 0.8882x + 17.019 y = -0.0017x2 + 2.5504x - 49.248 y = -0.002x2 + 2.5706x - 35.981 y = -0.0006x2 + 0.7993x + 22.763

11:00 0.6599 0.7129 0.7949 0.6133 y = -0.0005x2 + 0.7426x + 34.275 y = -0.0014x2 + 1.9101x - 5.7191 y = -0.0028x2 + 3.5402x - 28.831 y = -0.0007x2 + 0.8592x + 38.596

12:00 0.6805 0.6241 0.7904 0.6030 y = -0.0005x2 + 0.7312x + 36.73 y = -0.0013x2 + 1.5507x + 13.367 y = -0.0026x2 + 3.5705x - 9.5064 y = -0.0009x2 + 1.1163x + 33.818

13:00 0.6706 0.5849 0.7255 0.6088 y = -0.0005x2 + 0.7414x + 31.482 y = -0.001x2 + 1.2418x + 19.806 y = -0.0024x2 + 3.3099x + 54.579 y = -0.0012x2 + 1.4693x + 10.104

14:00 0.6137 0.5378 0.7532 0.6594 y = -0.0006x2 + 0.7469x + 34.902 y = -0.0008x2 + 0.9225x + 41.446 y = -0.0026x2 + 3.4542x - 0.2008 y = -0.0014x2 + 1.8168x - 1.9313

15:00 0.5973 0.5959 0.9129 0.7769 y = -0.0007x2 + 0.8295x + 21.01 y = -0.0006x2 + 0.79x + 28.478 y = -0.0023x2 + 2.8608x - 20.549 y = -0.0016x2 + 2.3673x - 44.445

16:00 0.6645 0.7444 0.8976 0.8779 y = -0.0008x2 + 0.9287x + 13.257 y = -0.0006x2 + 0.7375x + 16.536 y = -0.0017x2 + 1.9852x - 4.8548 y = -0.0018x2 + 2.8747x - 44.739

17:00 0.6924 0.8211 0.8380 0.8915 y = -0.0009x2 + 0.946x + 14.451 y = -0.0005x2 + 0.6638x + 12.853 y = -0.0013x2 + 1.3613x + 12.173 y = -0.0025x2 + 3.8789x - 31.731

18:00 0.7035 0.8557 0.7589 0.9614 y = -0.0008x2 + 0.855x + 12.846 y = -0.0004x2 + 0.5571x + 9.4962 y = -0.0009x2 + 0.8684x + 12.884 y = 0.0168x2 + 3.5018x - 62.129

19:00 0.8452 0.8969 0.8209 0.9731 y = -0.0008x2 + 0.8609x + 6.1085 y = -0.0005x2 + 0.5228x + 4.623 y = -0.0007x2 + 0.6544x + 6.2259 y = 0.0174x2 + 3.0562x - 20.21

05:00 0.9641 0.9742 0.8556 0.8664 y = -4E-05x2 + 0.0829x - 0.003 y = -3E-05x2 + 0.14x - 0.1248 y = -6E-05x2 + 0.0416x + 0.0832 y = -6E-05x2 + 0.0393x + 0.0785

06:00 0.9301 0.9853 0.8636 0.8784 y = -3E-05x2 + 0.0774x + 0.1384 y = 7E-05x2 + 0.1699x - 0.5099 y = -6E-05x2 + 0.0555x + 0.283 y = -5E-05x2 + 0.0479x + 0.2662

07:00 0.8367 0.9835 0.8456 0.8559 y = -6E-05x2 + 0.0762x + 0.5272 y = 4E-05x2 + 0.1946x - 1.1038 y = -6E-05x2 + 0.072x + 0.6114 y = -4E-05x2 + 0.0549x + 0.5923

08:00 0.7924 0.9852 0.9298 0.8391 y = -6E-05x2 + 0.0835x + 1.0328 y = 1E-05x2 + 0.2099x - 2.0201 y = -9E-05x2 + 0.1104x + 0.6711 y = -4E-05x2 + 0.0647x + 1.1054

09:00 0.7995 0.9826 0.9470 0.8345 y = -6E-05x2 + 0.0913x + 0.9875 y = -1E-05x2 + 0.2008x - 2.5771 y = -0.0001x2 + 0.1651x - 0.9177 y = -5E-05x2 + 0.0773x + 1.2675

10:00 0.7662 0.9700 0.9148 0.7832 y = -5E-05x2 + 0.0828x + 2.027 y = -4E-05x2 + 0.1791x - 2.3566 y = -0.0001x2 + 0.2081x - 3.2382 y = -4E-05x2 + 0.0786x + 2.3112

11:00 0.7393 0.8927 0.9136 0.7317 y = -4E-05x2 + 0.0734x + 3.9443 y = -6E-05x2 + 0.1428x + 0.8646 y = -0.0001x2 + 0.2385x - 4.9186 y = -4E-05x2 + 0.0808x + 3.9931

12:00 0.7410 0.7610 0.9055 0.7219 y = -4E-05x2 + 0.077x + 4.0719 y = -7E-05x2 + 0.1248x + 2.1285 y = -9E-05x2 + 0.2541x - 6.6593 y = -6E-05x2 + 0.0997x + 3.5364

13:00 0.7346 0.7047 0.9014 0.7491 y = -4E-05x2 + 0.0802x + 3.3853 y = -7E-05x2 + 0.1094x + 2.2959 y = -1E-04x2 + 0.2595x - 7.2258 y = -8E-05x2 + 0.1227x + 1.636

14:00 0.6870 0.6631 0.8926 0.8769 y = -4E-05x2 + 0.0746x + 4.1927 y = -5E-05x2 + 0.0857x + 4.218 y = -0.0001x2 + 0.2506x - 6.8964 y = -7E-05x2 + 0.1399x + 0.9898

15:00 0.6835 0.6873 0.8953 0.9579 y = -4E-05x2 + 0.0795x + 2.391 y = -4E-05x2 + 0.0782x + 2.7136 y = -0.0001x2 + 0.22x - 4.1278 y = -5E-05x2 + 0.1713x - 2.015

16:00 0.7468 0.7772 0.9143 0.9790 y = -5E-05x2 + 0.083x + 1.492 y = -4E-05x2 + 0.073x + 1.7065 y = -0.0001x2 + 0.1729x - 1.0195 y = -2E-05x2 + 0.1936x - 2.3242

17:00 0.7748 0.8200 0.9190 0.9790 y = -6E-05x2 + 0.0789x + 1.44 y = -4E-05x2 + 0.0635x + 1.4443 y = -9E-05x2 + 0.1181x + 0.7836 y = 5E-06x2 + 0.2055x - 1.8456

18:00 0.7800 0.8252 0.8290 0.9615 y = -4E-05x2 + 0.0665x + 1.1291 y = -3E-05x2 + 0.0495x + 1.0446 y = -5E-05x2 + 0.0704x + 1.09 y = 7E-05x2 + 0.1744x - 0.6763

19:00 0.9055 0.8681 0.8532 0.9793 y = -3E-05x2 + 0.0669x + 0.4846 y = -3E-05x2 + 0.0451x + 0.495 y = -5E-05x2 + 0.0539x + 0.5376 y = 7E-05x2 + 0.1746x - 0.397
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Time Ry Coefficient of determination (R2) Ry (Denmark) - Correlation Equation for Daylighting ( x = global solar radiation (W/m2); y = zone illuminance (lux) )
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4.2 Example of application: Krakow PRELUDE pilot 

This section shows how the correlation module can be applied by taking the Krakow PRELUDE pilot as an 

example. The space we would like to predict the indoor environmental conditions on an hourly basis for 

the next day is shown in Figure 4-1. We considered one representative day for summer (July) and one 

representative day for winter (January). We started by locating suitable external conditions. Therefore, we 

needed dry bulb temperature, wind speed, and global solar radiation. For this case, we used typical weather 

conditions for the target day; however, air temperature and solar radiation could be sourced from the 

outputs of the T3.1 – Weather and insolation model. The wind is not included in the T3.1 model so it can 

be based on the previous day’s conditions, which can be characterized either as reduced or increased 

according to the local weather forecast.  

 

Figure 4-1. The Krakow pilot model for an example of an application in this study 

4.2.1 Summer case 

Table 4-12 shows the ambient hourly conditions and the predictions (using the correlations) for the space 

in July with closed windows and without blinds for the west-oriented Krakow apartment. 

The internal temperature was predicted using the correlation equation for west orientation. It can be seen 

that thermal comfort was most probably established. According to the adaptive thermal comfort model 

using equations 3.6 and 3.7 the optimum temperature was calculated to be 26°C, with an upper limit of 

29°C and a lower limit of 22°C.  

Internal illuminance was predicted by using the correlation for west orientation. It can be seen that good 

natural illuminance was most probably established for most hours, but the illuminance was high between 

14:00 and 18:00 hours which might create glare – so blinds would need to be used during these hours and 

their impact will be shown later in this section.  

The airflow rate through the window was predicted by using the correlation for the west orientation. Using 

equations 3.4 and 3.5 the CO2 concentration was predicted. For a residential space, the maximum CO2 

concentration should be lower than 500ppm above the ambient (BS EN 16798-1, 2019). The values of CO2 
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concentration were very high indicating not acceptable IAQ. Hence, additional ventilation should be 

provided. 

Table 4-12 External hourly conditions used as input to the correlation model and key predictions with 

windows closed and blinds open 

 

Whilst the correlation equations were generated for one-hour window opening, the concentration in the 

room at time t can be calculated using equation 3.4.  Therefore, we decided to provide more ventilation by 

opening the window for three hours in the morning and three hours in the afternoon; since it was summer 

this additional ventilation could benefit thermal comfort as well. The predictions are shown in Table 4-13. 

It can be seen that CO2 concentration was improved to an acceptable range during the day through the 

increased ventilation of about 65 l/s in the morning and about 50 l/s in the afternoon via natural means; 

during the night, some additional ventilation (by opening windows) would reduce them further. It can also 

be seen that thermal comfort was further improved. The closing of blinds in the afternoon resulted in low 

natural illuminance levels but this was necessary to avoid the glare of the low sun in this west-oriented 

apartment. 

Since CO2 concentration was improved indicating acceptable IAQ during the day, it remained to examine 

other internal pollutants to show that their concentrations were also acceptable in the apartment. The 

contaminants examined were VOC and formaldehyde (CH2O) generated by materials and cleaning, PM2.5 

generated by cooking, and moisture generated by cooking and bathing.  The input of pollutants is as 

follows: 

1 CO2: 0.005l/s/person according to occupancy schedule 

2 VOC (toluene): 0.0258 mg/h and 0.82 mg/h from construction and furniture continuously 

3 CH2O: 0.031 mg/h from construction continuously and 0.005 mg/h from cleaning (15 min, evening) 

4 PM2.5: 964.8 mg/h from cooking 6 min in the morning and 12 min in the evening  

5 Water vapour: 0.0833 kg/h for 2.4 kg/h for 15 min in the morning and 12 min from cooking in the 

evening. 

The results of the predictions are shown in   
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Table 4-14. 

It can be seen that VOC concentration was maintained at low levels. The guideline of limit is 0.3 mg/m3 

(8hr mean) which is achieved as the predicted concentration is much lower; the same applies to CH2O, the 

guideline limit is 0.1 mg/m3 (CIBSE, 2011) (Kukadia and Upton, 2019). 

PM2.5 is generally acceptable but high concentrations are predicted in the hours around cooking times. 

The guideline limit is 0.025 mg/m3 for 24hr mean (CIBSE, 2011) (Kukadia and Upton, 2019). The predicted 

mean is 0.061 mg/m3. This can be improved by using a cooker hood at the time of cooking with high 

capture efficiency.  If the capture efficiency is 70% and they are used during cooking time then the 24hr 

mean concentration can be reduced to 0.023 mg/m3.  

Water vapour will impact the relative humidity (RH) and hence thermal comfort, and it can also lead to 

situations when condensation occurs.  The indoor moisture content was slightly increased when the bathing 

and cooking activities took place in the morning, and an increment of moisture content was more profound 

in the evening that could be trapped in the indoor space if ventilation was unavailable. Therefore, the 

cooker hood used for reducing moisture content will be useful for avoiding the risk of condensation. 

Table 4-13 External hourly conditions used as input to the correlation model and key predictions with 

windows open for six hours and blinds closed in the afternoon 

 
  

Time-July Temperature Wind speed Solar Radiation Temperature Illuminance Air flow Rate CO2

External (oC) (m/s) (W/m2) Internal (oC) Internal (Lux)  (l/s) (ppm)

00:00 16.4 2.6 23.8 0.95 1278

01:00 15.1 3 23.1 1.02 1446

02:00 13.7 5 22.5 1.41 1589

03:00 13 6.1 22.2 1.70 1710

04:00 12.5 4.4 22.0 1.28 1845

05:00 12.7 3.7 47 22.1 33 1.14 1983

06:00 13.7 4.4 176 22.5 123 1.28 2104

07:00 14.8 4.4 256 20.9 192 65.61 545

08:00 15.9 5.7 337 21.6 254 63.34 447

09:00 16.8 3.9 401 22.2 326 61.55 441

10:00 17.8 4.1 817 24.5 387 1.22 459

11:00 20 2.8 990 25.6 374 0.98 478

12:00 21.8 2.8 982 26.6 366 0.98 495

13:00 22.7 3.2 774 27.1 823 1.05 511

14:00 23.1 4.4 619 27.3 1103 1.28 546

15:00 23 2.8 515 27.3 123 0.98 581

16:00 22.9 2.2 509 27.2 127 0.90 616

17:00 22.3 1.9 340 26.3 83 52.04 467

18:00 21.4 1.7 233 25.6 46 53.43 449

19:00 20.3 2.4 81 24.7 309 55.22 446

20:00 19.2 1 25.2 0.77 609

21:00 17.6 0.8 24.4 0.75 767

22:00 16 0.4 23.6 0.72 921

23:00 14.5 0.8 22.9 0.75 1111
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Table 4-14 Pollutant concentrations in the apartment with windows open in the morning and afternoon 

 
 

4.2.2 Winter case 

Table 4-15 shows the ambient hourly conditions and the predictions (using the correlations) for the space 

in January with closed windows and without blinds for the west-oriented Krakow apartment.  

The internal temperature was predicted by using the correlation equation for west orientation. It can be 

seen that thermal comfort was most probably established noting that heating is provided. Internal 

illuminance was predicted using the correlation for west orientation. For a residential space, it is 

recommended to maintain about 50-300 lux for visual comfort (CIBSE, 2015). It can be seen that low natural 

illuminance levels are predicted because of the limited external solar radiation and therefore additional 

artificial lighting will be needed. 

The airflow rate through the infiltration was predicted using the correlation for west orientation. Using 

equations 3.4 and 3.5 the CO2 concentration was predicted. The values of CO2 concentration are quite high 

indicating not acceptable IAQ so additional ventilation should be provided. As this is the winter season will 

low external temperatures, windows should be opened as little as possible so two hours of airing (one in 

the morning and one in the afternoon) is first considered to investigate whether this will improve IAQ. 

Results are presented in Table 4-16. 

It can be seen that CO2 concentration has improved to an acceptable range during the day through the 

increased ventilation of more than 90 l/s in the morning and the afternoon through natural means; this 
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had a negative impact on thermal comfort for the two hours that the window was open but still, the 

operative temperature is tolerable considering the improvement on IAQ. IAQ could be further improved if 

windows are open for a longer period, but this will come with an additional thermal comfort and energy 

penalty. Since CO2 concentration is improved indicating acceptable IAQ, it remains to examine other 

internal pollutants to show that their concentrations are also acceptable in the apartment. The 

contaminants examined are the same as for the summer case and the generation rates are also the same. 

The results of the predictions are shown in  

Table 4-17. 

 

Table 4-15 External hourly conditions used as input to the correlation model and key predictions for 

January with windows closed and blinds open 

 

It can be seen that VOC concentration is maintained at low levels. The guideline of limit is 0.3 mg/m3 (8hr 

mean) which is achieved as the predicted concentration is much lower. The same applies to CH2O, the 

guideline limit is 0.1 mg/m3.  

PM2.5 is generally acceptable but high concentrations are predicted in the hours around cooking times. 

The guideline limit is 0.025 mg/m3 for 24hr mean. The predicted mean is 0.242 mg/m3 which is high. This 

can be improved by opening windows more hours when the mean can be improved to 0.0342 mg/m3. In 

addition, as mentioned in the summer case, the situation can be further improved by using a cooker hood 

at the time of cooking with high removal rate of concentration.  

Water vapour will impact the RH and hence thermal comfort and it can also lead to situations when 

condensation occurs. Condensation forms in the indoor space when the indoor humidity and the indoor 

temperatures are higher than the outdoor, and it is often found on the windowpanes in the morning while 

heating operates causing a high risk of condensation during the wintertime. Hence, the cooker hood used 

for reducing PM2.5 and water vapour will be useful for avoiding condensation too. Therefore, for this 

apartment, a cooker hood in the kitchen with high capture efficiency is recommended at the retrofit stage. 

Easily openable windows will ensure good thermal comfort and IAQ conditions for the remainder of the 

pollutants. Noise annoyance should be also considered when specifying the extractor fan for the kitchen.  
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Table 4-16 External hourly conditions used as input to the correlation model and key predictions with 

windows open for two hours and blinds open 

 
 

Table 4-17 Pollutant concentrations in the apartment with windows open in the morning and afternoon 

in January 

 
  

Time-January Temperature Wind speed Solar Radiation Temperature Illuminance Air flow Rate CO2

External (
o
C) (m/s) (W/m

2
) Internal (

o
C) Internal (Lux)  (l/s) (ppm)

00:00 -3.1 0.9 17.0 0.76 1478

01:00 -3.3 1 16.9 0.77 1650

02:00 -3.6 1.8 16.9 0.85 1812

03:00 -3.7 2.1 16.9 0.89 1966

04:00 -3.8 1.1 16.8 0.78 2122

05:00 -3.9 0.9 16.8 0.76 2274

06:00 -3.9 1.2 16.8 0.78 2420

07:00 -3.7 1.2 16.9 0.78 2457

08:00 -0.5 1.1 5.5 17.6 28 0.78 2494

09:00 3 1.6 23.25 15.1 73 96.63 462

10:00 5.8 2.1 59.25 19.4 134 0.89 480

11:00 7.8 2.1 56.25 20.1 140 0.89 498

12:00 9.1 3.5 74.5 20.6 172 1.10 514

13:00 9.7 2.6 69.50 20.8 148 0.95 530

14:00 9.1 3.5 54.5 20.6 129 1.10 565

15:00 7.5 3.2 35.25 20.0 69 1.05 599

16:00 5.5 3 13.5 19.3 25 1.02 632

17:00 5.2 4.1 19.2 89.90 433

18:00 4.8 4.9 15.8 1.39 532

19:00 4.5 4.4 19.0 1.28 627

20:00 4.2 4.1 18.9 1.22 779

21:00 3.9 3.7 18.8 1.14 925

22:00 3.6 2.6 18.7 0.95 1069

23:00 3.3 3.5 18.6 1.10 1243

Time-January CO2 VOC CH2O PM2.5 PM2.5* Moisture content*

(ppm) (mg/m3) (mg/m3) (mg/m3) (mg/m3) (kg/kg dry air)

00:00 1478 0.0097 0.00041 0.0000026 0.0000026 0.012

01:00 1650 0.0191 0.00075 0.0000025 0.0000025 0.012

02:00 1812 0.0097 0.00035 0.0000024 0.0000024 0.012

03:00 1966 0.0190 0.00069 0.0000024 0.0000024 0.012

04:00 2122 0.0280 0.00103 0.0000023 0.0000023 0.012

05:00 2274 0.0369 0.00135 0.0000022 0.0000022 0.012

06:00 2420 0.0453 0.00166 0.0000021 0.0000021 0.012

07:00 2457 0.0535 0.00196 1.1036372 0.2220512 0.013

08:00 2494 0.0615 0.00225 1.0683891 0.0023901 0.012

09:00 462 0.0035 0.00013 0.0187076 0.0000419 0.012

10:00 480 0.0130 0.00048 0.0180272 0.0000403 0.012

11:00 498 0.0222 0.00081 0.0173716 0.0000389 0.012

12:00 514 0.0308 0.00113 0.0165891 0.0000371 0.012

13:00 530 0.0392 0.00144 0.0159398 0.0000357 0.012

14:00 565 0.0471 0.00172 0.0152218 0.0000341 0.012

15:00 599 0.0547 0.00200 0.0145681 0.0000326 0.012

16:00 632 0.0620 0.00227 0.0139618 0.0000312 0.012

17:00 433 0.0040 0.00016 0.5826787 0.5823555 0.015

18:00 532 0.0133 0.00050 0.5497453 0.0128563 0.012

19:00 627 0.0222 0.00083 0.5211007 0.0002733 0.012

20:00 779 0.0307 0.00114 0.4952418 0.0002597 0.012

21:00 925 0.0389 0.00144 0.4722069 0.0002477 0.012

22:00 1069 0.0470 0.00173 0.4537248 0.0002380 0.012

23:00 1243 0.0545 0.00201 0.4332879 0.0002272 0.012

*additional ventilation
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5 CONCLUSIONS 

The report describes the indoor-outdoor correlation module developed under PRELUDE WP3 Task 3.4.  The 

indoor-outdoor correlation module predicts hourly internal environmental conditions from ambient 

climatic conditions by using correlations developed through dynamic thermal and indoor air quality (IAQ) 

modelling. Models for the five locations of the PRELUDE pilot buildings have been developed.  

The development of the module encompasses the impacts of European climatic parameters for improved 

prediction of indoor conditions relative to building orientations, natural ventilation modes, and building 

operations (heating, ventilation, and occupancy schedules). This was carried out by performing a large 

number of simulations using the dynamic thermal simulation program EnergyPlus and the ventilation 

program CONTAM. External weather conditions were provided by typical weather files for the five locations 

using Meteonorm.  A box-shaped geometrical model was introduced across the five pilot sites – Ry 

(Denmark), Krakow (Poland), Geneva (Switzerland), Turin (Italy), and Athens (Greece) - that allowed us to 

observe the impact of outdoor climatic parameters on the indoor environment based on the locally built 

building envelopes. 

A series of correlation studies were presented using the modelling results which can be used to forecast 

the internal conditions of operative temperature, natural illuminance, and airflow rate. Thermal comfort is 

evaluated using adaptive thermal comfort equations while internal IAQ is evaluated through mass balance 

equation using the airflow rate and contaminant generation to predict CO2, VOC, PMs and moisture 

concentration in the space.   

A graphical outline (flow chart) of how to use the module is shown in Figure 3-1.  The correlation equations 

of the indoor-outdoor correlation module together with the coefficients of determination (R2) are 

presented in Table 4-1 to Table 4-11 in section 4.1. The equations polynomial equations contain y values 

of indoor environment parameters and x values of outdoor climatic parameters. An example of prediction 

for the indoor conditions of summer and winter days was demonstrated using 24-hour profiles. It showed 

that the results of the equations closely match the results of the advanced thermal and ventilation 

modelling. In addition, an example case study of how to use the prediction model was then presented for 

the Krakow PRELUDE pilot location. This example shows how to use the indoor-outdoor correlation module 

for the five PRELUDE pilot locations so that windows and blinds are operated optimally to achieve internal 

comfort conditions.  

The indoor-outdoor correlation module will be used in a number of ways. The flow chart of the model 

(Figure 3-1) presented how the operation of the building can be chosen to forecast internal environmental 

conditions and how the occupant-centred actions can be implemented to achieve optimum comfort and 

IAQ. The applicability of the model was then presented using a Krakow PRELUDE pilot as an example. The 

outcome of the indoor-outdoor correlation module will also be incorporated into the FusiX-based multi-

simulation platform (WP5.5) which will be able on the demand to provide feedback to occupants on 

achievable internal environmental conditions. This will be complementary to the other models developed 

within WP3 by POLITO (dynamic and free running energy simulation which can provide the information to 

apply natural ventilation to improve IAQ conditions with minimal energy consumption), CORE (Weather 

and insolation modules; which will provide inputs to the indoor-outdoor correlation model), and FB 

(Occupancy models; which will provide input data for further development of the indoor-outdoor 

correlation module).  

The indoor-outdoor correlation module will be used as an input to WP4.4 to devise control rules for 

comfort optimisation. Data from the Living Lab Environment (WP6.1 and WP6.3) will validate in the 

PRELUDE project, the module’s outputs and how these should be used in the building control. Data from 

the pilot buildings will provide further information, enabling the optimum use of the module in low tech 

(user actions) and high tech (automatic actions) building configurations. The module and its development 

methods will be used in climate resilience modelling (WP8.5) to improve controls for the future, using 

future weather files.  
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The indoor-outdoor correlation model will provide input to WP8.6 (Building Renovation Passports) working 

closely with partner ESTIA to provide information on what actions might be necessary during retrofit for 

optimum internal environmental conditions.  

Therefore, the indoor-outdoor correlation module, with its derived operation rules for the space, can be 

used as follows: 

Occupants’ actions (through FusiX): The occupant could easily request the forecasted indoor conditions 

according to climate correlation polynomial equations generated from the pre-defined models. The 

forecasted hourly conditions come with a set of simple actions such as operating ventilation openings (and 

fans) as well as window shading devices for the prediction of indoor conditions, which will improve internal 

comfort and IAQ. Therefore, the indoor condition model of PRELUDE has the potential to engage with the 

occupants about the importance of a user-driven decision-making process for predicting the indoor 

conditions from outdoor climatic parameters. This could encourage behavioural change for building 

operation to improve building thermal comfort and indoor air quality through natural ventilation strategies. 

Whilst the PRELUDE approach of this integration asks for multiple collaborative actions, soft benefits 

associated with improving comfort and IAQ can be achieved from a user-friendly prediction method as 

presented in this report. This was also structured with minimal cost of natural ventilation strategies. 

Nevertheless, the implementation of the indoor condition model for prediction by the occupants to achieve 

optimum comfort and IAQ still requires a wide engagement to inform them of the process and the 

application of the module.    

Automatic control actions (through STAM): The indoor-outdoor condition module’s rules can be 

implemented in a control system for spaces that are equipped with control systems.  The predictions can 

be made by either the occupant-centred actions with manual control or automatically using program 

control. These controls are (i) the opening/closing of windows through actuators, (ii) closing/opening 

shading devices, and (iii) starting/stopping the operation of fans. As in all automatic controlled 

environments, users’ overriding should be provided – especially in the case of residential buildings. 

Retrofit actions (through ESTIA): The indoor-outdoor correlation module provides actions on what needs 

to be installed in a space so that thermal comfort and IAQ are achieved.  This is in the form of fans, openable 

windows and shading devices. 

The module developed by Task 3.4 not only integrates the practical idealism of WP3 but also informs that 

the ambition behind the PRELUDE’s work needs to recognise the engagement with the occupants in order 

to make any meaningful progress. While the outcomes of WP3 reveal the technical solutions in the multi-

simulation dataspace to integrate smart technology and behavioural science, public awareness is essential 

and critical in terms of educating and encouraging the public regarding outdoor climate-related 

knowledge, indoor environment-related building operations to utilise natural ventilation strategies in 

comfort and IAQ prediction of the future interventions.  
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7 APPENDIX B: CLIMATE STUDY  

This section presents the climate study of the PRELUDE pilot locations using the Climate Consultant (United 

States Department of Energy, 2017) and typical weather files from Meteonorm (Meteotest, 2020).  

7.1 Geneva, Switzerland 

Location Geneva, Switzerland 

Longitude 6.124 

Latitude 46.245 

Elevation above sea level 420 m 

Köppen–Geiger climate zone Cfb. Marine west coast, warm summer. 

Average yearly temperature 11.2 °C 

Hottest yearly temperature (99%) 29.0 °C 

Coldest yearly temperature (1%) -3.7 °C 

Annual cumulative horizontal solar radiation 1292.88 kWh/m2 

Percentage of diffuse horizontal solar radiation 45.7 % 

This file is based on data collected between 2000 and 2010. 

 

 
Geneva, Switzerland – Annual climate profiles 
 

 

Geneva, Switzerland – Daily outdoor dry bulb temperature profiles 

 

 

Geneva, Switzerland – Temperature map chart 
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Geneva, Switzerland – Sun path 

 

Geneva, Switzerland – Global and diffuse horizontal solar radiation 

Annual wind rose (Geneva, Switzerland) Legend 

  
Dec-Feb Mar-May Jun-Aug Sep-Nov 

    

 

Geneva, Switzerland – Heating degree days (15.5°C) and cooling degree days (24°C) 
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7.2 Turin, Italy 

Location Turin, Italy 

Longitude 7.65 

Latitude 45.183 

Elevation above sea level 282 m 

Köppen–Geiger climate zone Cfb. Marine west coast, warm summer. 

Average yearly temperature 12.9 °C 

Hottest yearly temperature (99%) 30.6 °C 

Coldest yearly temperature (1%) -3.9 °C 

Annual cumulative horizontal solar radiation 1358.43 kWh/m2 

Percentage of diffuse horizontal solar radiation 44.7 % 

This file is based on data collected between 2000 and 2010. 

 

Turin, Italy – Annual climate profiles 

 

Turin, Italy – Daily outdoor dry bulb temperature profiles 

 

 

Turin, Italy – Temperature map chart 
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Turin, Italy – Sun path 

 

Turin, Italy – Global and diffuse horizontal solar radiation 

 
Annual wind rose (Turin, Italy) Legend 

  
Dec-Feb Mar-May Jun-Aug Sep-Nov 

    

 

Turin, Italy – Heating degree days (15.5°C) and cooling degree days (24°C) 
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7.3 Krakow, Poland 

Location Krakow, Poland 

Longitude 19.8 

Latitude 50.083 

Elevation above sea level 237 m 

Köppen–Geiger climate zone Cfb. Marine west coast, warm summer. 

Average yearly temperature 9.1 °C 

Hottest yearly temperature (99%) 27.6 °C 

Coldest yearly temperature (1%) -11.2 °C 

Annual cumulative horizontal solar radiation 1084.92 kWh/m2 

Percentage of diffuse horizontal solar radiation 54.6 % 

This file is based on data collected between 2000 and 2010 

 

Krakow, Poland – Annual climate profiles 

 

 

Krakow, Poland – Daily outdoor dry bulb temperature profiles 

 

 
 

Krakow, Poland – Temperature map chart 
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Krakow, Poland – Sun path 

 

Krakow, Poland – Global and diffuse horizontal solar radiation 

 
Annual wind rose (Krakow, Poland) Legend 

  
Dec-Feb Mar-May Jun-Aug Sep-Nov 

    

 

Krakow, Poland – Heating degree days (15.5°C) and cooling degree days (24°C) 
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7.4 Athens, Greece 

Location Athens, Greece 

Longitude 23.733 

Latitude 37.9 

Elevation above sea level 15 m 

Köppen–Geiger climate zone Csa. Mediterranean, hot summer. 

Average yearly temperature 18.8 °C 

Hottest yearly temperature (99%) 35.0 °C 

Coldest yearly temperature (1%) 3.8 °C 

Annual cumulative horizontal solar radiation 1726.05 kWh/m2 

Percentage of diffuse horizontal solar radiation 37.6 % 

This file is based on data collected between 2000 and 2010. 

 

Athens, Greece – Annual climate profiles 

 

 

Athens, Greece – Daily outdoor dry bulb temperature profiles 

 

 

Athens, Greece – Temperature map chart 
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Athens, Greece – Sun path 

 

Athens, Greece – Global and diffuse horizontal solar radiation 

Annual (Athens, Greece) Legend 

 
  

Dec-Feb Mar-May Jun-Aug Sep-Nov 

    

 

Athens, Greece – Heating degree days (15.5°C) and cooling degree days (24°C) 
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7.5 Ry, Denmark 

Location Ry, near Isenvad, Denmark 

Longitude 9.181 

Latitude 56.094 

Elevation above sea level 60 m 

Köppen–Geiger climate zone Cfb. Marine west coast, warm summer. 

Average yearly temperature 8.1 °C 

Hottest yearly temperature (99%) 23.8 °C 

Coldest yearly temperature (1%) -8.8 °C 

Annual cumulative horizontal solar radiation 1000.9 kWh/m2 

Percentage of diffuse horizontal solar radiation 51.6 % 

This file is based on data collected between 2000 and 2010. 

 

Ry, Denmark – Annual climate profiles 

 

Ry, Denmark – Daily outdoor dry bulb temperature profiles 

 

 

Ry, Denmark – Temperature map chart 
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Ry, Denmark – Sun path 

 

Ry, Denmark – Global and diffuse horizontal solar radiation 

Annual (Ry, Denmark) Legend 

  
Dec-Feb Mar-May Jun-Aug Sep-Nov 

    

 

Ry, Denmark – Heating degree days (15.5°C) and cooling degree days (24°C) 
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8 APPENDIX C: SIMULATION MODEL AND CORRELATION CHARTS  

8.1 Detailed information of input data used in EnergyPlus simulations 

Table 8-1. Building envelop materials properties used in Geneva models 

Geneva, Switzerland 

Wall: layer from exterior to interior Thickness (m) λ Cp  

1 Cement plaster and render 0.02 0.8 840 1600 

2 Insulation 0.18 0.033 710 100 

3 Concrete block with render 0.18 0.51 1000 1400 

  U value (W/m2-K) 0.167    

Roof: layer from exterior to interior Thickness (m)    

1 Gravel 0.05 0.36 840 1840 

2 Polyurethane (PU) foam 0.01 0.05 1500 70 

3 Foam - polyurethane 0.15 0.28 1470 30 

4 Metal deck 0.14 45.28 500 7824 

5 Ceiling tiles 0.05 0.056 1000 380 

  U value (W/m2-K) 0.148    

Floor: layer from exterior to interior Thickness (m)    

1 Gravel-based soil Assumption 0.52 184 2050 

2 Reinforced concrete 0.17 2.3 1000 2300 

3 Cement screed 0.1 1,4 650 2100 

4 Insulation 0.06 0.04 1400 15 

5 Floor screed 0.02 0.41 840 1200 

6 Tile 0.03 2 837 2243 

  U value (W/m2-K) 0.387    

Window   Values 

λ = Conductivity [W/(m-K)] 
Cp = Specific heat (J/kg-K) 

 = Density (kg/m3) 

Total solar transmission (SHGC) 0.474 

Direct solar transmission 0.358 

Light transmission 0.661 

Glazing U value  0.982 

Window frame U value 0.975 
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Table 8-2. Building envelop materials properties used in Turin models 

Wall: layer from exterior to interior Thickness (m) λ Cp  

1 Tile with cement plaster 0.02 0.8 880 1890 

2 Brick (Outer) 0.105 0.84 800 1700 

3 Air Cavity 0.03    

4 Brick (Inner) 0.105 0.62 800 1700 

5 Cement plaster and render 0.02 0.8 840 1600 

  U value (W/m2-K) 1.46    

Roof: layer from exterior to interior Thickness (m)    

1 Clay tile 0.025 1 800 2000 

2 Air gap for wooden roof structure 0.15    

3 Roofing felt 0.005 0.19 8.37 960 

4 Ceiling board 0.02 0.25 1000 300 

  U value (W/m2-K) 2.168    

Floor: layer from exterior to interior Thickness (m)    

1 Gravel Assume    

2 Reinforced concrete 0.20 2.3 1000 2300 

3 Floor screed 0.05 0.41 840 1200 

4 Tile with cement plaster 0.03 2 837 2243 

  U value (W/m2-K) 1.011    

Window   Values 

λ = Conductivity [W/(m-K)] 
Cp = Specific heat (J/kg-K) 

 = Density (kg/m3) 

Total solar transmission (SHGC) 0.503 

Direct solar transmission 0.373 

Light transmission 0.505 

Glazing U value  3.094 

Window frame U value 3.476 
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Table 8-3. Building envelop materials properties used in Krakow models 

Krakow, Poland 

Wall: layer from exterior to interior Thickness (m) λ Cp  

1 Cement plaster and render 0.015 0.8 840 1600 

2 Brick outer layer 0.250 0.84 800 1700 

3 Insulation 0.100 0.034 1400 35 

4 Cement lime plaster and render 0.015 0.8 840 1600 

  U value (W/m2-K) 0.29       

Roof: layer from exterior to interior Thickness (m)       

1 External rendering 0.015 0.5 1000 1300 

2 Roof screed 0.05 0.41 840 1200 

3 Insulation 0.08 0.04 1400 15 

4 Cast concrete 0.15 1.13 1000 2000 

5 Ceiling tile 0.02 0.056 1000 380 

  U value (W/m2-K) 0.359       

Floor: layer from exterior to interior Thickness (m)       

1 Gravel-based soil Assumption 0.52 184 2050 

2 Reinforced concrete and screed 0.12 2.3 1000 2300 

3 Insulation  0.08 0.034 1400 35 

4 Floor screed 0.03 0.41 840 1200 

5 Tile 0.02 0.19 1470 1200 

  U value (W/m2-K) 0.346       

Window   Values 

λ = Conductivity [W/(m-K)] 
Cp = Specific heat (J/kg-K) 

 = Density (kg/m3) 

Total solar transmission (SHGC) 0.704 

Direct solar transmission 0.604 

Light transmission 0.781 

Glazing U value  2.552 

Window frame U value 1.092 
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Table 8-4. Building envelop materials properties used in Athens models 

Athens 

Wall: layer from exterior to interior Thickness (m) λ Cp  

1 Cement plaster and render 0.02 0.8 840 1600 

2 Perforated Block 0.18 0.62 840 1800 

3 Cement plaster and render 0.02 0.8 840 1600 

  U value (W/m2-K) 1.96    

Roof: layer from exterior to interior Thickness (m)    

1 Waterproof cast concrete 0.03 0.38 1000 1200 

2 Insulation 0.05 0.04 1400 15 

3 Reinforced concrete 0.12 2.3 1000 2300 

4 Cement plaster and render 0.02 0.8 840 1600 

  U value (W/m2-K) 0.647    

Floor: layer from exterior to interior Thickness (m)    

1 Gravel-based soil Assumption 0.52 184 2050 

2 Reinforced concrete 0.12 2.3 1000 2300 

3 Floor screed 0.05 0.41 840 1200 

4 Tile 0.03 2 837 2243 

  U value (W/m2-K) 0.735    

Window   Values 

λ = Conductivity [W/(m-K)] 
Cp = Specific heat (J/kg-K) 

 = Density (kg/m3) 

Total solar transmission (SHGC) 0.704 

Direct solar transmission 0.604 

Light transmission 0.781 

Glazing U value  2.552 

Window frame U value 5.014 

 

  



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 75 of 149 

 

Table 8-5. Building envelop materials properties used in Ry models 

Ry, Denmark 

Wall: layer from exterior to interior Thickness (m) λ Cp  

1 Surface render 0.005 0.8 840 1600 

2 Brick 0.108 0.73 840 1920 

3 Mineral wool  0.19 0.034 840 140 

4 Aerated Concrete 0.125 0.17 840 500 

5 Surface render 0.005 0.8 840 1600 

  U value (W/m2-K) 0.15    

Roof: layer from exterior to interior Thickness (m)    

1 Surface render 0.01 0.8 840 1600 

2 
Wood board w/ roofing cardboard 
modified 

0.018 0.05 1000 300 

3 Air gap 0.05 n/a   

4 Granulate mineral wool modified 0.41 0.041 840 140 

5 Wood spread modified 0.025 0.05 2810 90 

6 Plasterboard or Acoustic board 0.013 0.25 1000 300 

7 Surface render 0.01 0.8 840 1600 

  U value (W/m2-K) 0.09    

Floor: layer from exterior to interior Thickness (m)    

1 Gravel  Assumption 0.36 840 1840 

2 EPS insulation 0.32 0.031 1400 15 

3 Concrete 0.12 1.9 1000 2000 

4 Floor screed 0.06 0.5 1000 1300 

  U value (W/m2-K) 0.085    

Window   Values    

Total solar transmission (SHGC) 0.462    

Direct solar transmission 0.338    

Light transmission 0.624    

Glazing U value  0.541    

Window frame U value 0.694    
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Table 8-6. Building characteristics, weather data and indoor measurement source between PRELUDE  

Inputs Phase Data Source Resolution Communication 

How What When 

Building Characteristics 

(M) Geometry (D) Demos & LLE N/A N/A N/A N/A 

(M) Orientation (D) Demos & LLE N/A N/A N/A N/A 

(M) Construction (D) Demos & LLE N/A N/A N/A N/A 

(M) Occupancy 
patterns 

(B) T3.3 FB hourly N/A N/A N/A 

Weather data 

(M) Temperature (B) T3.1 CORE Hourly ? ? ? 

(M) Relevant 
humidity 

(B) T3.1 CORE Hourly ? ? ? 

(M) Wind speed (B) T3.1 CORE Hourly ? ? ? 

(M) Global radiation (B) T3.1 CORE Hourly ? ? ? 

Measurements Indoors  

(M) CO2 (B) Demos & LLE Hourly ? ? ? 

(O) VOC (B) Demos & LLE Hourly ? ? ? 

(O) PM (B) Demos & LLE Hourly ? ? ? 

(M) Air Temperature (B) Demos & LLE Hourly ? ? ? 

(M) Relative humidity (B) Demos & LLE Hourly ? ? ? 

(M) Illuminance level (B) Demos & LLE Hourly ? ? ? 

(O) Sound pressure 
level 

(B) Demos & LLE Hourly ? ? ? 

(O) Position of blinds (B) Demos & LLE Hourly ? ? ? 
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8.2 Detailed information of input data used in CONTAM simulations 

Table 8-7. Properties of contaminants simulated in CONTAM studies 

Contaminant Molecular weight (kg/kmol) Mean Diameter (µm) Effective Density (kg/m3) 

CO2 44 n/a n/a 

Formaldehyde 20 n/a n/a 

VOC - Toulene 92a n/a n/a 

PM2.5 n/a 0.25b 1000c 

Water Vapour 18 10 0.521  

a. Based on toluene as a representative VOC.  

b. Based on measurements in an urban area  (Riley et al., 2002) 

c. Equal to the density of water  (Chen and Zhao, 2011; Riley et al., 2002) 

 

Table 8-8. Internal temperature assumption used in CONTAM studies 

Scenario 

reference 

code 

used in 

CONTAM 

Average daily temperature (°C)a 

Winter (25th of January) Summer (25th of June) 

G
e
n

e
v
a

 

T
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n

 

K
ra
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w
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R
y
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n

 

K
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w
 

A
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e
n

s 

R
y
 

S 18.27 14.41 17.71 17.62 18.65 27.50 28.44 27.97 32.60 25.32 

E 18.25 14.21 17.07 17.52 18.49 29.39 28.64 27.63 33.09 25.78 

C-NS 18.27 14.40 17.68 17.46 18.64 27.52 28.43 27.95 32.42 25.25 

C-EW 18.23 14.20 17.05 17.52 18.48 29.46 28.65 27.65 33.11 25.75 

S-T 18.20 14.38 17.56 17.60 18.54 27.39 28.40 27.70 32.57 24.50 

S-FO 18.31 14.43 17.76 17.65 18.68 27.92 28.51 28.22 32.64 25.82 

a. Average daily temperature was calculated from the results of EnergyPlus simulation.  
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8.3 Thermal and IAQ correlation charts: Geneva 

Note: Correlations charts for the PRELUDE Pilot location of Geneva are presented as an example. 

Correlations charts for all PRELUDE pilot locations are available but the digital size of the report was very 

large to include all.  

#1S: Infiltration only 

  
Figure 8-1. Correlation of scenario #1S for Geneva 

#2S: Window can open when T > 22°C, (South Facing Window) 

  

  

  

Figure 8-2. Correlation of scenario #2S for Geneva   
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#3S: Window can open (South Facing Window) #3N: Window can open (North Facing Window) 

  

  

  

  

  

  

Figure 8-3. Correlation of scenario #3S and #3N for Geneva 
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#3E: Window can open (East Facing Window) #3W: Window can open (West Facing Window) 

  

  

  

  

  

  

Figure 8-4. Correlation of scenario #3E and #3W for Geneva 
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#3C-NS: Two windows can open (North/South 

Windows) 

#3C-EW: Two windows can open (East/West 

Windows) 

  

  

  

  

  

  

Figure 8-5. Correlation of scenario #3C-NS and #3C-EW for Geneva 
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#4S-V60: Larger window (Openable Window Area = 

60% of Window) 

#4S-1HR: Window open 1 hr (Window opening: 

09:00-10:00am) 

  

  

  

  

  

  

Figure 8-6. Correlation of scenario #4S-V60 and #4S-1HR for Geneva 
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#4S-EP: Larger space - window can open on long side 

(Model: 9m Length with window x 6m x 3m) 

#4S-DP: Larger space window on short side (Model: 

6m Length with window x 9m x 3m) 

  

  

  

  

  

  

Figure 8-7. Correlation of scenario #4S-EP and #4S-DP for Geneva 
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#1S-T: No window ventilation, Trickle vent is added #3S-T: Window can open (South Facing Window), 

Trickle vent is added 

  
 

 
 

 
 

 

  

  

Figure 8-8. Correlation of scenario #1S and #3S with trickle vent for Geneva   
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#4S-FO: Window can open (Occupancy: Fully occupied throughout the year) 

  

  

  

Figure 8-9. Correlation of scenario #4S-FO for Geneva 

#1S: Infiltration only #1S-T: No window ventilation, Trickle vent is added 

  

Figure 8-10. Correlation of scenario #1S and #1S-T for Geneva for heating demand 
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8.4 Thermal and IAQ correlation charts: Turin 

 

#1S: Infiltration only 

  

Figure 8-11. Correlation of scenario #1S for Turin 

#4S-FO: Window can open (Occupancy: Fully occupied throughout the year) 

  

  

  

Figure 8-12. Correlation of scenario #4S-FO for Turin 
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#3S: Window can open (South Facing Window) #3N: Window can open (North Facing Window) 

  

  

  

  

  

  

Figure 8-13. Correlation of scenario #3S and #3N for Turin 
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#3E: Window can open (East Facing Window) #3W: Window can open (West Facing Window) 

  

  

  

  

  

  

Figure 8-14. Correlation of scenario #3E and #3W for Turin 
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#3C-NS: Two windows can open (North/South 

Windows) 

#3C-EW: Two windows can open (East/West 

Windows) 

  

  

  

  

  

  

Figure 8-15. Correlation of scenario #3C-NS and #3C-EW for Turin 
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#4S-V60: Larger window (Openable Window Area = 

60% of Window) 

#4S-1HR: Window open 1 hr (Window opening: 

09:00-10:00am) 

  

  

  

  

  

  

Figure 8-16. Correlation of scenario #4S-V60 and #4S-1HR for Turin 
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#4S-EP: Larger space - window can open on long side 

(Model: 9m Length with window x 6m x 3m) 

#4S-DP: Larger space window on short side (Model: 

6m Length with window x 9m x 3m) 

  

  

  

  

  

  

Figure 8-17. Correlation of scenario #4S-EP and #4S-DP for Turin 

  



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 92 of 149 

 

8.5 Thermal and IAQ correlation charts: Krakow 

 

#1S: Infiltration only 

  
Figure 8-18. Correlation of scenario #1S for Krakow 

 

#2S: Window can open when T > 22°C, (South Facing Window) 

  

  

  

Figure 8-19. Correlation of scenario #2S for Krakow 
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#3S: Window can open (South Facing Window) #3N: Window can open (North Facing Window) 

  

  

  

  

  

  

Figure 8-20. Correlation of scenario #3S and #3N for Krakow 
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#3E: Window can open (East Facing Window) #3W: Window can open (West Facing Window) 

  

  

  

  

  

  

Figure 8-21. Correlation of scenario #3E and #3W for Krakow 
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#3C-NS: Two windows can open (North/South 

Windows) 

#3C-EW: Two windows can open (East/West 

Windows) 

  

  

  

  

  

  

Figure 8-22. Correlation of scenario #3C-NS and #3C-EW for Krakow 
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#4S-V60: Larger window (Openable Window Area = 

60% of Window) 

#4S-1HR: Window open 1 hr (Window opening: 

09:00-10:00am) 

  

  

  

  

  

  

Figure 8-23. Correlation of scenario #4S-V60 and #4S-1HR for Krakow 
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#4S-EP: Larger space - window can open on long side 

(Model: 9m Length with window x 6m x 3m) 

#4S-DP: Larger space window on short side (Model: 

6m Length with window x 9m x 3m) 

  

  

  

  

  

  

Figure 8-24. Correlation of scenario #4S-EP and #4S-DP for Krakow 
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#1S-T: No window ventilation, Trickle vent is added #3S-T: Window can open (South Facing Window), 

Trickle vent is added 

  
 

 
 

 
 

 

  

  

Figure 8-25. Correlation of scenario #1S-T and #3S-T for Krakow 
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#4S-FO: Window can open (Occupancy: Fully occupied throughout the year) 

  

  

  

Figure 8-26. Correlation of scenario #4S-FO for Krakow 

 

#1S: Infiltration only #1S-T: No window ventilation, Trickle vent is added 

  

Figure 8-27. Correlation of scenario #1S and #1S-T for Krakow for heating demand 
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8.6 Thermal and IAQ correlation charts: Athens 

 

#1S: Infiltration only 

  

Figure 8-28. Correlation of scenario #1S for Athens 

 

#4S-FO: Window can open (Occupancy: Fully occupied throughout the year) 

  

  

  

Figure 8-29. Correlation of scenario #4S-FO for Athens 
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#3S: Window can open (South Facing Window) #3N: Window can open (North Facing Window) 

  

  

  

  

  

  

Figure 8-30. Correlation of scenario #3S and #3N for Athens 
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#3E: Window can open (East Facing Window) #3W: Window can open (West Facing Window) 

  

  

  

  

  

  

Figure 8-31. Correlation of scenario #3E and #3W for Athens 
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#3C-NS: Two windows can open (North/South 

Windows) 

#3C-EW: Two windows can open (East/West 

Windows) 

  

  

  

  

  

  

Figure 8-32. Correlation of scenario #3C-NS and #3C-EW for Athens 
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#4S-V60: Larger window (Openable Window Area = 

60% of Window) 

#4S-1HR: Window open 1 hr (Window opening: 

09:00-10:00am) 

  

  

  

  

  

  

Figure 8-33. Correlation of scenario #4S-V60 and #4S-1HR for Athens 
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#4S-EP: Larger space - window can open on long side 

(Model: 9m Length with window x 6m x 3m) 

#4S-DP: Larger space window on short side (Model: 

6m Length with window x 9m x 3m) 

  

  

  

  

  

  

Figure 8-34. Correlation of scenario #4S-EP and #4S-DP for Athens 
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8.7 Thermal and IAQ correlation charts: Ry 

 

#1S: Infiltration only 

  

Figure 8-35. Correlation of scenario #1S for Ry 

 

#4S-FO: Window can open (Occupancy: Fully occupied throughout the year) 

  

  

  

Figure 8-36. Correlation of scenario #4S-FO for Ry 
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#3S: Window can open (South Facing Window) #3N: Window can open (North Facing Window) 

  

  

  

  

  

  

Figure 8-37. Correlation of scenario #3S and #3N for Ry  
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#3E: Window can open (East Facing Window) #3W: Window can open (West Facing Window) 

  

  

  

  

  

  

Figure 8-38. Correlation of scenario #3E and #3W for Ry 
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#3C-NS: Two windows can open (North/South 

Windows) 

#3C-EW: Two windows can open (East/West 

Windows) 

  

  

  

  

  

  

Figure 8-39. Correlation of scenario #3C-NS and #3C-EW for Ry 
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#4S-V60: Larger window (Openable Window Area = 

60% of Window) 

#4S-1HR: Window open 1 hr (Window opening: 

09:00-10:00am) 

  

  

  

  

  

  

Figure 8-40. Correlation of scenario #4S-V60 and #4S-1HR for Ry 
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#4S-EP: Larger space - window can open on long side 

(Model: 9m Length with window x 6m x 3m) 

#4S-DP: Larger space window on short side (Model: 

6m Length with window x 9m x 3m) 

  

  

  

  

  

  

Figure 8-41. Correlation of scenario #4S-EP and #4S-DP for Ry 
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8.8 Daylight correlation charts: Geneva 

 

North East South West 

    

    

Figure 8-42. Daily solar radiation from 00:00 to 24:00 throughout the year in Geneva 
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North East South West 

    

    

    

    

    

Figure 8-43. Correlation between global solar radiation and hourly zone illuminance in Geneva - No shading scenario 
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Figure 8-44. Correlation between global solar radiation and hourly zone illuminance in Geneva - No shading scenario - continued 
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Figure 8-45. Correlation between global solar radiation and hourly zone illuminance in Geneva - No shading scenario - continued 
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North East South West 

    

    

    

    

    

Figure 8-46. Correlation between global solar radiation and hourly zone illuminance in Geneva - Window shading with internal blind scenario 
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Figure 8-47. Correlation between global solar radiation and hourly zone illuminance in Geneva - Window shading with internal blind scenario - continued 
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Figure 8-48. Correlation between global solar radiation and hourly zone illuminance in Geneva - Window shading with internal blind scenario - continued 



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 119 of 149 

 

8.9 Daylight correlation charts: Turin 

North East South West 

    

    

Figure 8-49. Daily solar radiation from 00:00 to 24:00 throughout the year in Turin  

  



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 120 of 149 

 

North East South West 

    

    

    

    

    

Figure 8-50. Correlation between global solar radiation and hourly zone illuminance in Turin - No shading scenario 
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Figure 8-51. Correlation between global solar radiation and hourly zone illuminance in Turin - No shading scenario - continued 
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Figure 8-52. Correlation between global solar radiation and hourly zone illuminance in Turin - No shading scenario - continued 
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North East South West 

    

    

    

    

    

Figure 8-53. Correlation between global solar radiation and hourly zone illuminance in Turin - Window shading with internal blind scenario 
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Figure 8-54. Correlation between global solar radiation and hourly zone illuminance in Turin - Window shading with internal blind scenario -continued 
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Figure 8-55. Correlation between global solar radiation and hourly zone illuminance in Turin - Window shading with internal blind scenario - continued  
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8.10 Daylight correlation charts: Krakow 

North East South West 

    

    

Figure 8-56. Daily solar radiation from 00:00 to 24:00 throughout the year in Krakow  
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North East South West 

    

    

    

    

    

Figure 8-57. Correlation between global solar radiation and hourly zone illuminance in Krakow - No shading scenario 
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Figure 8-58. Correlation between global solar radiation and hourly zone illuminance in Krakow - No shading scenario - continued 
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Figure 8-59. Correlation between global solar radiation and hourly zone illuminance in Krakow - No shading scenario - continued 
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North East South West 

    

    

    

    

    

Figure 8-60. Correlation between global solar radiation and hourly zone illuminance in Krakow - Window shading with internal blind scenario 
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Figure 8-61. Correlation between global solar radiation and hourly zone illuminance in Krakow - Window shading with internal blind scenario - continued 
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Figure 8-62. Correlation between global solar radiation and hourly zone illuminance in Krakow - Window shading with internal blind scenario - continued  



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 133 of 149 

 

8.11 Daylight correlation charts: Athens 

North East South West 

    

    

    

Figure 8-63. Daily solar radiation from 00:00 to 24:00 throughout the year in Athens 
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North East South West 

    

    

    

    

    

Figure 8-64. Correlation between global solar radiation and hourly zone illuminance in Athens - No shading scenario 
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Figure 8-65. Correlation between global solar radiation and hourly zone illuminance in Athens - No shading scenario - continued 
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Figure 8-66. Correlation between global solar radiation and hourly zone illuminance in Athens - No shading scenario - continued 
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North East South West 

    

    

    

    

    

Figure 8-67. Correlation between global solar radiation and hourly zone illuminance in Athens – Balcony / overhang shading scenario 
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Figure 8-68. Correlation between global solar radiation and hourly zone illuminance in Athens – Balcony / overhang shading scenario - continued 



 D3.4 – Indoor-outdoor correlation module 

PRELUDE GA n° 958345  Page 139 of 149 

 

    

    

    

    

Figure 8-69. Correlation between global solar radiation and hourly zone illuminance in Athens – Balcony / overhang shading scenario - continued 
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North East South West 

    

    

    

    

Figure 8-70. Correlation between global solar radiation and hourly zone illuminance in Athens – Blind with balcony / overhang shading scenario 
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Figure 8-71. Correlation between global solar radiation and hourly zone illuminance in Athens – Blind with balcony / overhang shading scenario - continued 
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Figure 8-72. Correlation between global solar radiation and hourly zone illuminance in Athens – Blind with balcony / overhang shading scenario - continued  
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8.12 Daylight correlation charts: Ry 

North East South West 

    

    

Figure 8-73. Daily solar radiation from 00:00 to 24:00 throughout the year in Ry 
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North East South West 

    

    

    

    

    

Figure 8-74. Correlation between global solar radiation and hourly zone illuminance in Ry - No shading scenario 
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Figure 8-75. Correlation between global solar radiation and hourly zone illuminance in Ry - No shading scenario - continued 
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Figure 8-76. Correlation between global solar radiation and hourly zone illuminance in Ry - No shading scenario - continued 
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North East South West 

    

    

    

    

    

Figure 8-77. Correlation between global solar radiation and hourly zone illuminance in Ry - Window shading with internal blind scenario 
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Figure 8-78. Correlation between global solar radiation and hourly zone illuminance in Ry - Window shading with internal blind scenario - continued 
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Figure 8-79. Correlation between global solar radiation and hourly zone illuminance in Ry - Window shading with internal blind scenario - continued 


