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Abstract  30 
With the ongoing significance of overheating calculations in the residential building sector, 31 
building codes such as the European Energy Performance of Building Directive (EPBD) are 32 
essential for harmonizing the indicators and performance thresholds. This paper investigates 33 
Europe's overheating calculation methods, indicators, and thresholds and evaluates their ability 34 
to address climate change and heat events. e study aims to identify the suitability of existing 35 
overheating calculation methods and propose recommendations for the EPBD. The study 36 
results provide a cross-sectional overview of twenty-six European countries. The most 37 
influential overheating calculation criteria are listed the best approaches are ranked. The paper 38 
provides a thorough comparative assessment and recommendations to align current 39 
calculations with climate-sensitive metrics. The results suggest a framework and key 40 
performance indicators that are comfort-based, multi-zonal, and time-integrated to calculate 41 
overheating and modify the EU's next building energy efficiency regulations. The results can 42 
help policymakers and building professionals to develop the next overheating calculation 43 
framework and approach for the future development of climate-proof and resilient residential 44 
buildings. 45 

Keywords: Indicators; Performance-based; Summer thermal comfort; Thermal discomfort; EPBD; 46 
Climate change; Heatwave; Prescriptive 47 
 48 

Highlights 49 

• Overheating regulations and calculation methods in 26 European countries were compared 50 
• Most of the existing calculation methods are outdated and do not fit climate-proof buildings 51 
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• France requires a mixed-mode operation of naturally ventilated households 52 
• The UK developed a heatwave-based calculation approach 53 
• Comfort-based, multi-zonal, and time-integrated calculation approaches are needed. 54 
 55 
Abbreviations 56 

ANSI American National Standards Institute; 57 
ASHRAE American Society of Heating, Refrigerating, and Air-Conditioning Engineers; 58 
CEN European Committee for Standardization; 59 
CIBSE Chartered Institution of Building Services Engineers; 60 
CCD Cooling Degree-days; 61 
EEA European Environment Agency; 62 
EPBD Energy Performance in Buildings Directive; 63 
EPC Energy Performance Certificate; 64 
EU European Union; 65 
HDD Heating Degree-days; 66 
IEA International Energy Agency; 67 
IPCC Intergovernmental Panel on Climate Change; 68 
ISO International Standardization Organization; 69 
nZEB nearly Zero-Energy Building; 70 
PMV Predicted Mean Vote; 71 
PPD Predicted Percentage of Dissatisfied; 72 
UK United Kingdom; 73 
WWR Window to wall ratio; 74 
 75 

Nomenclature 76 

𝐴𝐺   Net floor area [m2] 77 
𝐴𝑢𝑡𝑖𝑙 The useful area of the living spaces following the definition of section 4.6 of HE0 78 

(Spain regulation) 79 
𝐴𝑤,𝑝,𝑘 Area of the opening k [m2] 80 
𝐴𝑊,𝑗  Window area of zone j [m2] 81 
𝐹𝑠ℎ,𝑜𝑏𝑠𝑡,𝑘 Reduction factor for shading by external obstacles (includes all the elements 82 

outside the window gap such as overhangs, lateral protections, setbacks, obstacles, 83 
etc.), for the month of July, of the gap k 84 

𝐹𝐹𝑘 Frame fraction of the gap k (in a simplified way, the value of 0.25 can be adopted) 85 
𝑔𝑡𝑜𝑡,𝑗 Total energy transmittance of the glazing, including sun protection zone j 86 
𝑔𝑡𝑜𝑡,𝑠ℎ,𝑤𝑖,𝑘 Total solar energy transmittance of the glazing with the mobile shading device 87 

activated (closed) for the month of July and for gap k 88 
𝐻𝐶,𝐷,𝑗𝑢𝑙𝑖,𝑜𝑟,𝑧𝑖 Direct heat transfer coefficient by transmission between the heated space and the 89 

outdoor air except for the ground floor for orientation or in zone zi [W/K] 90 
𝐻𝐶,𝑣𝑒,𝑗𝑢𝑙𝑖,𝑜𝑟,𝑧𝑖 Direct heat transfer coefficient through ventilation for orientation or in zone zi [W/K] 91 
𝐻𝑔𝑟,𝑎𝑛,𝑗𝑢𝑙𝑖,𝑜𝑟,𝑧𝑖 Direct heat transfer coefficient by the transmission for building elements in thermal 92 

contact with the ground for orientation or in zone zi [W/K] 93 
ℎ𝑗𝑢𝑙𝑖 Total time over the month of July 94 
𝐻𝑠𝑜𝑙,,𝑗𝑢𝑙𝑖 Average accumulated solar irradiation for the month of July (kWh/m² month) in the 95 

studied location considering the inclination and orientation of the opening k 96 
𝐻𝑇,𝑜𝑣𝑒𝑟ℎ  Conduction heat transfer coefficient [W/K] 97 
𝐻𝑉,𝑜𝑣𝑒𝑟ℎ  Monthly ventilation heat transfer coefficient [W/K] 98 

i   Recursive index in a summation 99 
𝑖𝑛   Indoor 100 
𝑚   Recursive index in a summation for the month of the year 101 
𝑜𝑢𝑡   Outdoor 102 
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𝑄𝐶,𝐻𝑃,𝑗𝑢𝑙𝑖,𝑜𝑟,𝑧𝑖 Extract energy from the cooling unit by the booster heat pump for orientation or in 103 

zone zi [kWh] 104 
𝑄𝐶,𝑛𝑑,𝑗𝑢𝑙𝑖,𝑜𝑟,𝑧𝑖  Cooling demand for orientation or in zone zi [kWh] 105 
𝑄𝑔,𝑜𝑣𝑒𝑟ℎ,𝑚  Monthly solar and internal heat gains [MJ] 106 
𝑄𝑠𝑜𝑙,𝑗𝑢𝑙𝑖 Solar gains for the month of July of the windows and openings of the thermal 107 

envelope with its mobile solar protections activated (closed) [kWh] 108 
 𝑇𝑜𝑝   Temperature operative [°C] 109 
𝑇𝑆𝑒𝑡𝑝𝑜𝑖𝑛𝑡,𝑖  Set point temperature 110 

𝑢𝑝   Upper limit of comfort / heat-balance range 111 
𝑤𝑓𝑖   Weighting factor (dimensionless) 112 
𝜂𝑢𝑡𝑖𝑙,𝑜𝑣𝑒𝑟ℎ,𝑚 Utilization factor depending on the ratio between the monthly heat loss and heat 113 

gain 114 
 115 

1. Introduction 116 

Climate change is expected to drive an increasing frequency of heat waves, which can cause 117 
significant morbidity and mortality [1]. High ambient temperatures in cities are associated with many 118 
health risks, including the increase in premature mortality of the senior population [2]. According to 119 
the European Environment Agency (EEA), mortality risk increases by 0.2 and 5.5 % for every 120 
1oC increase [3]. For example, the excess mortality in the EU climbed to +16% in July 2022 from 121 
+7% in June and May. According to the EEA and Eurostat statistics on excess mortality, Europe 122 
might reach an annual +60.000 to 165.000 premature death by the end of the 2080s, with the 123 
highest impact in Southern Europe [3], [4].  124 
With the increase and repetition of heatwaves, dwellings are at risk of overheating and potentially 125 
increase of cooling demand. Figure 1 indicates the number of extreme heat waves in future climates 126 
under the SSP 5.85 forcing scenarios of the IPCC AR6. SSP 5.85 refers to the Shared Socio-127 
economic Pathway describing the socioeconomic trends underlying the Fossil-Fueled Development 128 

scenario in the year 2100 [5]. The pattern of heatwaves frequency and intensity  [4] and the 129 
increase in tropical nights [6] indicates the likely occurrence in the near and long future. Therefore, 130 
peak and mean summer temperatures will increase by 10oC across most European capitals by 131 
2080. The trapping of internal and external heat gains causes overheating, and the latter 132 
is expected to worsen with further urbanization and climate change. 133 

 134 
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Figure 1: Number of extreme heat waves in future climates under the SSP 5.85 forcing scenarios 135 
based on the EEA data [4]  136 
 137 

Indoor overheating has already been identified in European dwellings [7]. Most studies found in 138 
the literature confirm the like hood of overheating risk increase and discomfort in households due to 139 
global warming [8], [9]. The contemporary construction of highly insulation nearly-zero and net-zero 140 
energy buildings (nZEB and NZEB) across Europe results in periodic overheating in today's climate 141 
in Southern Europe [10], Eastern Europe [11], and even in Western and Northern Europe [12]. The 142 
Energy Performance of Energy Directive (EPBD) was strongly influenced by the Passive House 143 
Standard principles [13], [14]. During the last ten years, the focus of the EPBD has been mainly on 144 
closing the energy efficiency gap [15]. However, the new EPBD recast of 2021 made special 145 
attention to thermal comfort [16]. More importantly, the 2023 recast is expected to address climate 146 
change and overheating more appropriately. All member states must revise their national energy 147 
calculation methods and address discomfort problems under climate change scenarios by the end 148 
of 2025. 149 

In this context, the International Energy Agency (IEA), through Annex 80 on Resilient Cooling in 150 
Buildings, reviews existing standards and regulations on overheating calculation methods, criteria, 151 
and indicators. The preliminary findings indicate disparities between the methods and the lack of 152 
common and consistent calculation methods. Standard CEN 13790:2008 (or ISO 52016-1:2017) for 153 
energy performance calculation of buildings is the basis of overheating calculation in Europe. The 154 
standard is under serious critique because it adopts an old heat balance approach [12] and does 155 
not consider the modern thermal comfort estimation approach based on the six thermal comfort 156 
parameters [17].  157 

Overheating refers to high indoor temperatures and affects occupants' health and productivity. 158 
Therefore, the overarching aim of this paper is to improve the well-being of residential buildings in 159 
European countries. Epidemiological studies have shown that heat wave vulnerability occurs at 160 
night in nursing and residential homes [18]. According to the Lancet Countdown Report of 2019, 161 
exposure to extremes of heat results in a range of health consequences. With Europe's aging 162 
populations, the effects of heat waves are increasing. The study focuses on residential buildings 163 
where the risk of heat stress and heat stroke is the highest during heat waves. Improving well-being 164 
requires preparing and adapting new and existing buildings to be climate-proof against future 165 
extreme scenarios [19]. Also, we excluded other types of buildings because residential buildings 166 
have a specific occupancy density, occupation schedules, and, more importantly, a different 167 
architecture than office buildings or other commercial buildings.  168 

In this context, we identified a  need to provide an overview of overheating calculation methods, 169 
criteria, and indicators in European regulation for residential buildings. The objective of this paper is 170 
an attempt to respond to the following research questions: 171 

 172 
• What are the methods and criteria to assess thermal comfort and overheating in European 173 

building codes based on the EPBD? 174 
• How to characterize and compare different methods and criteria? 175 
• What is the main difference that distinguishes different methods? What is the unique 176 

overheating national method? 177 
• What factors should be considered to advance the overheating assessments in future 178 

revisions of building regulations? 179 
 180 

By answering the questions above, this paper provides a critical overview of assessment 181 
methods used for overheating based on thermal comfort criteria. The paper's novelty is an 182 
exhaustive and longitudinal study that continued over three years as part of the IEA Annex 80 183 
activities. 26 EU member and non-member states, including the UK and Switzerland, were 184 
investigated. A comprehensive review report was developed. Representative publications and 185 
standards screening were performed, and available experts were interviewed and surveyed. To the 186 
best of our knowledge, this is the first paper that provides relevant information on overheating 187 

https://www.iso.org/standard/41974.html
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calculation methods and key performance indicators to tackle discomfort during summer in the 188 
European continent. The originality of the paper is twofold. First, the paper compares overheating 189 
calculation methods and indicators regarding nearly and net zero energy buildings in compliance 190 
with EPBD, ISO, and CEN. Secondly, the paper identifies key overheating calculation methods and 191 
indicators considering climate change and heat waves. The paper identifies the overheating 192 
indicators and calculation approach within a thermal resistance and resilience paradigm [20]. 193 
Finally, the paper provides a concrete set of recommendations that can be considered in the next 194 
EPBD recast towards a consistent and unified calculation approach that caters to the climatic and 195 
socio-economic variability of people of the continent.  196 

2. State of-the-art 197 

Overheating is excess heat in living, sleeping, and working spaces [21]. European public health 198 
stakeholders raised concerns about heat-related death and called for preventive measures [22]. 199 
Many factors affect overheating in dwellings, including dwelling characteristics, environment and 200 
urban climate, and dwelling design [7]. Nevertheless, the calculation of overheating remains one of 201 
the major challenges. The calculation of overheating can influence the passive and active design 202 
measures. In Europe, the prevalence of active cooling (AC) is low, where 15% to 30% of residential 203 
buildings have AC. Depending on the overheating calculation methods and thermal comfort 204 
thresholds, AC demand will increase drastically, increasing the energy demand and GHG 205 
emissions. 206 
There is somewhat less research applicable to the European context on overheating because past 207 
research has been conducted on the assumption of broadly stable climate and heating-dominated 208 
regions.  209 

Several studies have aimed to document the overheating phenomena in European residential 210 
buildings [23]. The first group of studies investigated the global causes and effects of overheating in 211 
European dwellings and recommended directions for adaptation and mitigation. The recent work of 212 
Alrasheed and Mourshed (2023) critically reviews the factors that influence the overheating risk in 213 
dwellings and presents state-of-the-art on possible mitigation strategies [7]. The study developed a 214 
framework that illustrates the effect of overheating factors on the cooling efficacy of passive 215 
strategies. In 2019, Chen presented an editorial article on the challenges and opportunities of 216 
overheating in residential buildings [8]. Next, the work of Lomas et al. (2017) aimed to describe this 217 
phenomenon and its causes [21]. Also, the work of Santamouris and Kolokotsa discussed issues 218 
related to the impact of urban overheating on vulnerable populations in Europe [22]. More recently, 219 
Santamouris presented the risk factors arising from urban overheating in a holistic and integrated 220 
way[24]. The study described the current and future impact of urban overheating on the urban 221 
population. 222 

The second group of studies aimed is case study-based that modeled overheating and focused 223 
on the calculation approach and indicators choice [25]. In an earlier study, Robert et al. (2013) 224 
estimated the future performance of UK dwellings built in compliance with the Passivehaus 225 
standard requirements. The study confirmed that the super-insulated Passivehaus dwellings at 226 
already at risk of overheating in the UK and Northern Europe [26]. The study is ten years old but 227 
provided valuable insights into the overheating phenomena. Four years later, Figueiredo et al. 228 
(2016) performed a sensitivity analysis for a Passivhaus in Portugal and found a long period of 229 
overheating during summer. The study complied with the Passivhaus thermal comfort criteria and 230 
proved the ability to avoid active cooling through improved building envelope design and operation. 231 
Also, in 2016, Mulville and Stravoravdis (2016) simulated a typical UK case study in free-running 232 
mode and applied the UK national calculation method [27]. They proved that the current 233 
overheating calculation methods are out of order and not fit to purpose. Then, the work of Brotas 234 
and Nicol looked at the criteria from CIBSE TM52 and discussed their applicability to a single UK 235 
dwelling archetype [28]. 236 

Another example is the work of Simson et al. (2017) modeled overheating in five Estonian 237 
apartments and investigated the impact of thermal zoning on the simulation-based overheating 238 

https://www.sciencedirect.com/science/article/pii/S0378778814007877
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assessment calculation [29]. The study suggested a temperature measurement-based approach for 239 
pre-assessing overheating as part of the regulations compliance process. Then, Narozny et al. 240 
(2016) applied a post-occupancy evaluation method to understand the influence of occupants on 241 
overheating and their ability to interact with cooling and ventilation systems  [30]. Similarly, Morgan 242 
et al. (2017) monitored 26 new homes and documented the overheating causes, including the high 243 
insulation and occupants' behavior [31]. The study reported the significant influence of occupants on 244 
mitigating overheating. 245 

Sepulveda et al. (2020) published a recent case study that simulated the overheating risk in a 246 
Spanish residential unit. The study applied the Spanish regulations and focused on reducing the 247 
overheating risk by manipulating the window-to-wall ratio and night ventilation [32]. In Sweden, 248 
Tettey and Gustavsson (2020) explored the climate change implication on a renovated housing unit 249 
[33]. The study confirmed that with climate change, the space heating demand would decrease 250 
significantly in Sweden, and the space cooling demand would increase remarkably. Attia and Gobin 251 
modeled a Passivehaus case study for timber construction under climate change in Belgium. The 252 
study indicated the high risk of overheating associated with newly constructed timber construction 253 
[34]. Dartevelle et al. investigated the overheating risk in nZEB and applied the European EN 16798 254 
[35] and CIBSE standards [36]. They proved the difficulty of mainlining comfortable thermal 255 
conditions in nZEB houses despite the temperature climate of Belgium.  256 

The third group of studies comprises an article that reviewed and compared the calculation 257 
methods and indices for overheating in buildings. The work of Carlucci et al. (2018) is a review 258 
paper on adaptive thermal comfort models in regulatory documents [37]. The paper focused on 259 
comparing the standards from an international perspective, including ISO 17771-2 [38], EN 16798 260 
[35], ASHRAE 55, Dutch ISSO 71, and the Chinese thermal comfort standard. The study focused 261 
mainly on adaptive thermal comfort and provided general recommendations for commercial 262 
buildings. The authors recommended that a harmonized method for multi-zone models, which can 263 
include multiple indices, should be found to improve regulations. More recently, Rahif et al. [39] 264 
reviewed time-integrated overheating evaluation methods for residential buildings. The study 265 
focused on residential buildings and was limited to Western Europe. The study looked into five 266 
national building codes based on the Energy Performance of Building Directive (EPBD) in Belgium, 267 
France, Germany, the UK, and the Netherlands. 268 

Among the three groups of studies, the last group on review articles appeared the most 269 
interesting. Additional screening and filtering pinpointed three outstanding indicators that quantify 270 
overheating duration and intensity in buildings. Some of the three indicators are found in existing 271 
standards, and one is only used in scientific research studies. The summary below frames the 272 
literature review outcomes and provides a profile of the unique overheating-related found in the 273 
literature: 274 

1. Percentage of occupied hours when an operative temperature exceeds a certain threshold 275 
of the annual occupied hours based on a PMV/PPD or adaptive comfort model for a specific 276 
comfort category (I, II, III or IV) (ISO 17772). The indicator is used by many European 277 
standards that address overheating calculation, including CIBSE (Guide A, TM52, and 278 
TM59), The Passive House Standard, CEN 16789, and ISO 17772. 279 

2. Standard Effective Temperature (SET) is a commonly used index in thermal comfort 280 
evaluation. It was established based on a two-node model reflecting the thermal regulation 281 
process of the human body based on the six thermal comfort parameters: air temperature, 282 
radiant temperature, air velocity, humidity, clothing, and metabolism. The SET has been 283 
reintroduced into the ASHRAE 55 calculations to determine the cooling effect of air 284 
movement. Moreover, the United States Green Building Council (USGBC) RELI rating 285 
system has used the SET indicator as a thermal resilience indicator. 286 

3. The Indoor overheating Degree (IOD), Ambient Warmness Degree (AWD), and overheating 287 
escalation factor (aIOD=AWD) were developed by Hamdy et al. (2011) [40]. The Indoor 288 
Overheating Degree (IOD) index is the summation of the temperature difference between 289 
the indoor operative temperature and a preferred comfort temperature. The difference is 290 
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averaged over the total number of zonal occupied hours. The three indicators are used by 291 
several studies and recommended by the IEA Annex 80. 292 
 293 

Despite the three groups of studies found in the literature to date, no study provides a 294 
comprehensive review of overheating calculation methods in the EU regulatory documents. Several 295 
studies have focused on the UK and addressed CIBSE Guide A (2006), CIBSE TM52, CIBSE 296 
Guide A (2015), CIBSE TM59, and Passive House standards. A comparative approach is lacking 297 
for analyzing overheating calculations for residential buildings in the EPBD. Most investigated 298 
studies did not address long-term climate change impacts and short-term heat wave effects. In 299 
addition, the impact of the urban heat island effect on the overheating risk is almost not addressed 300 
in the reviewed studies concerning thermal comfort in residential buildings.  301 

Therefore, the objective of this study is to bridge this knowledge gap, analyze, and compare 302 
overheating calculations for residential buildings in the EPBD regulatory in twenty-six countries: 303 
Austria, Belgium, Bulgaria, Croatia, Czechia, Denmark, Estonia, Finland, France, Germany, 304 
Hungary, Italy, Latvia, Lithuania, Poland, Portugal, Romania, Slovakia, Spain, Sweden, Switzerland, 305 
the United Kingdom (UK), and the Netherlands. The study is part of the International Energy 306 
Agency (IEA) Annex 80 on Resilient Cooling in Buildings. The study builds upon previous work as 307 
part of Annex 80, reviewing the overheating indicators [39] and the overall discomfort parameters, 308 
including humidity in residential buildings [41]. Therefore, the study provides a valuable guide to 309 
developing the EPBD and a comprehensive list of recommendations and conclusions to address 310 
overheating in the regulations of the residential sector in Europe and Worldwide. 311 

3. Methodology 312 

The research methodology is qualitative, similar to previous studies [42], [43], and comprises 313 
three main stages. Figure 2 illustrates the study's conceptual framework. First, the study goal, 314 
scope, and boundary conditions were defined to have a practical set of questions to guide the 315 
investigation of thermal comfort and overheating calculations in each country. This step included 316 
selecting representative experts from EU member and non-member states. Also, an initial 317 
questionnaire was created and tested through a pilot study for validation. Secondly, the data 318 
collection process was conducted through one-to-one interviews and a literature review. Finally, the 319 
analysis of interview results and comparison of the calculation methods took place. At this stage, 320 
the analysis of the results through focus group discussions allowed us to select the most 321 
outstanding calculation methods, criteria, and indicators and develop a set of refined 322 
recommendations to be integrated into the regulation of each country and more globally in Europe 323 
through the Energy Performance of Buildings Directive (EPBD). In the following paragraph, we 324 
explain in detail the research methodology. 325 

 326 
 327 
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 328 
Figure 2: Study Conceptual Framework 329 

3.1 Boundary conditions  330 

26 European countries were selected, namely Austria, Belgium, Bulgaria, Croatia, Czechia, 331 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, 332 
Netherlands, Poland, Portugal, Romania, Slovakia, Spain, Sweden, Norway, Switzerland, and the 333 
United Kingdom. The study scope covered residential buildings in European countries and excluded 334 
nursing homes and elderly houses. The temporal study period was the summer overheating. The 335 
investigation of overheating calculation for heat waves during the shoulder periods was excluded. 336 
Also, the study focused on overheating and did not adopt an overall discomfort concept. Humidity 337 
was excluded to focus on the thermal aspect of heat, assuming that humidity will be controlled [44]. 338 
Countries with no overheating calculation methods embedded in their EPBD were excluded after 339 
screening the six countries. Focusing on thermal comfort in residential buildings, the study avoided 340 
preference or bias towards overheating calculation methods based on specific resilient 341 
technologies, including passive [34] and active solutions [35]. Economic and other social aspects of 342 
thermal comfort perception were excluded. 343 

Next, a questionnaire was created and tested through pilot interviews with pseudo-experts. The 344 
questionnaire comprised nine key questions focused on new and existing residential buildings. They 345 
evolved around one central question mentioned below:  346 

 347 
• What are your country's thermal comfort/overheating limits for residential buildings? 348 

 349 
The questionnaire is available in an open-access repository (see Appendix 1). Moreover, 31 350 

interviewees were requested to fill in an exhaustive table with specific information about their 351 
national regulations. The table comprised five major elements relevant to the overheating 352 
calculation. Figure 3 illustrates the relation between overheating calculation and weather 353 
representation, envelope prescriptive or performance-based requirements, simulation model type 354 
(static or dynamic), occupancy type, and thermal comfort model—the five elements were translated 355 
into questions embedded in the table. 356 
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 357 

 358 
Figure 3: Key elements influencing overheating calculation in European residential building 359 

standards. 360 

3.2 Target countries' regulation 361 

The study targeted the energy performance of buildings regulation between 2021 and 2023. The 362 
focus of the study was residential buildings. The Energy Performance of Building Directive requires 363 
all EU member states to develop energy performance certifications and calculations for residential 364 
buildings. Therefore, the exclusion criteria were used to narrow the scope of the study except for 365 
the UK, Norway, and Switzerland. Twenty-six national experts on thermal comfort (Austria, Belgium, 366 
Bulgaria, Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Hungary, Italy, Ireland, 367 
Latvia, Lituania, Romania, Poland, Portugal, Spain, Sweden, Norway, Slovakia, Spain, Sweden, 368 
Switzerland, and the UK) were extensively consulted to validate the data produced during the 369 
interview stage. As part of the IEA Annex 80 activities, we contacted experts from the annex and 370 
experts who are not associated with the annex to cover the 26 countries. More than 250 articles, 371 
standards, reports, and websites were consulted and reviewed based on the input provided by the 372 
first authors of two literature review papers [39], [41]. We focused mainly on national and 373 
international standards and included reports and studies published by the building energy efficiency 374 
industry and scientific community.   375 

3.3 Climate zone 376 

The different EU countries' climate disparity and geographical context are part of the study. The 377 
study adopted a sensitive approach to cluster and group countries climatically. Overheating 378 
calculation and thermal comfort thresholds depend strongly on the local climate and topographical 379 
relief. Therefore, the study was inspired by the European Environmental Agency map that divides 380 
the continent into four nuanced climatic zones [45]. As shown in Figure 4, the subtropical climates 381 
cover most of the southern part of Europe, including Bulgaria, Cyprus, Croatia, Italy, Spain, Greece, 382 
Portugal, and France. The main characteristics of this climate are dry winter and hot summer. The 383 
temperate climate with warm climates covers the East, West, and North of Europe, including 384 
Belgium, Czechia, Hungary, Latvia, Lithuania, Norway, Romania, Slovakia, Sweden, Austria, 385 
Denmark, Switzerland, Estonia, France, Germany, Netherlands, and Poland. The main 386 
characteristics of this climate are without a dry season and warm summer. The temperate climate, 387 
with a group of cold climates, covers the extreme north of Europe, including Norway and Sweden. 388 
The main characteristics of this climate are cold winter and temperate summer. The circumpolar 389 
climates do not concern this study because it is in the extreme North of Europe. Under this 390 
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classification, the study aimed to generate climate-sensitive recommendations and evaluation the 391 
existing calculation methods from a wide pan-European climate perspective, beyond the limit of 392 
national approaches.  393 
 394 

 395 
 396 

Figure 4: The four major European climate zones according to the European Environment 397 
Agency (EEA) [45] 398 

 399 

4 Result  400 

A detailed report (see Appendix 2) was published, including all interview answers and filled-in tables 401 
[44]. However, for this paper, we selected the essential outcomes and classified them under five 402 
sections, described below: 403 

4.1 Summary of the main regulations on thermal comfort in residential buildings (inventory) 404 

Existing calculation methods and criteria to assess thermal comfort and overheating in 26 European 405 
building codes were analyzed based on the national EPBD regulations. Based on Figure 3, a 406 
comparative table with five classification criteria for all investigated countries was created. The table 407 
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is large and cannot be visible in this article but can be found in Appendix 3. To visualize the 408 
comparative table, a representative figure was created. Figure 5 is an infographic illustration of the 409 
comparative table in Table 1 and Appendix 3. The Figure indicates a huge disparity and diversity 410 
between the calculation methods found. Almost every country has its calculation method. The 411 
calculation methods disparity does not reflect modern and climate change fit methods.  412 
 413 

 414 
 415 

Figure 5: Infographic of the information gathering during interviews 416 
 417 

Next, a summary of overheating calculations and indicators in the investigated countries was 418 
created. The result of the standards reviews shown in Table 1 lists the equations and parameters of 419 
the overheating calculation. Table 1 and Figure 5 are considered the basic form of the screening 420 
results. Table 1 results from the literature review presented in Section 2 and provided a more 421 
detailed comparison of overheating calculation methods. Table 1 is one of the early results used as 422 
an inventory for the further analysis step presented in the following section. 423 

 424 
 425 
 426 
 427 
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 428 
Table 1: Summary of overheating calculation methods for each country (for nomenclature, see 429 

Appendix 4) 430 
 431 

 432 
 433 

4.2 Develop a set of criteria for overheating calculation in Europe 434 

In this section, the focus is on the evaluation and comparison of the methods, criteria, and 435 
indicators for detecting and characterizing overheating. A set of criteria can be used to assess 436 
different overheating evaluation methods. Some of these criteria have been developed in previous 437 
studies [46], while others are newly defined. It is important to note that the specific criteria used in 438 
the evaluation may vary depending on the specific application or context. However, having a set of 439 
universal criteria can provide a useful starting point for evaluating different methods and comparing 440 
their effectiveness. Eight criteria are used that are described below as a result of analyzing the 441 
inventory presented in Section 4.1. 442 
 443 
1. Thermal comfort-based or heat balance-based: This criterion assesses whether the method 444 

is based on comfort parameters or the heat balance between indoor and outdoor environments. 445 
Comfort parameters refer to variables that affect human comfort, such as air temperature, 446 
radiant temperature, relative humidity, air velocity, metabolic rate, and clothing factor. Methods 447 
based on comfort parameters typically aim to maintain a comfortable indoor environment for 448 
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people by controlling these variables. In contrast, a heat balance approach considers the 449 
thermal behavior of the indoor and outdoor environments. This approach considers factors such 450 
as the building envelope, ventilation, and solar gains and aims to maintain an overall balance 451 
between the heat gains and losses in indoor and outdoor environments [47].  452 

2. Time-Integrated or punctual: This criterion assesses whether the method is time-integrated or 453 
punctual. Time-integrated methods quantify overheating over a span of time, giving a more 454 
thorough picture of thermal performance over a given period. Punctual methods, however, are 455 
"right now" and "right here" approaches to limit instant overheating in buildings. 456 

3. Multi-zone or single-zone: This criterion evaluates whether the method considers building a 457 
single-zone or multi-zone environment. A single-zone approach assumes the building is a single 458 
space with uniform thermal conditions. In contrast, the multi-zone approach recognizes the 459 
differences in thermal conditions between different parts/zones of the building [48].  460 

4. Static and/or adaptive thermal comfort model: This criterion assesses whether the method 461 
relies on a comfort model and, if so, what model is used. Static and adaptive thermal comfort 462 
models are two main categories [49], with the former using fixed parameters to provide 463 
comfortable conditions and the latter using real-time data to adjust comfort limits [50] based on 464 
changing outdoor weather conditions [51].  465 

5. Normalization to occupied hours: This criterion assesses whether the index of a method is 466 
normalized to occupied hours. Normalized indices allow for the possibility that different buildings 467 
may have varying occupancy profiles and thus have varying cooling/heating requirements at 468 
different times. Normalizing the index to the occupied hours makes it possible to compare 469 
different buildings with varying occupancy profiles more meaningfully. This enables the fair 470 
comparison of buildings with different usage patterns, leading to more accurate and credible 471 
overheating risk assessments. 472 

6. Short-term criteria or/and long-term criteria: Short-term and long-term criteria are used to 473 
set threshold values for limiting overheating in buildings during different time scales [52]. Short-474 
term criteria focus on hourly, daily, or weekly periods to prevent overheating during resiliency 475 
events [53], such as heatwaves and power outages, which can lead to sudden impacts on the 476 
thermal comfort of building occupants. The role of thermal mass and heat storage of the 477 
building structure and surfaces is essential. In contrast, long-term criteria limit extensive 478 
overheating over longer periods, such as monthly, seasonal, or annual, and consider the 479 
cumulative effects of temperature increases over time [54]. Both indicators and metrics are 480 
needed to increase the thermal resilience of residential buildings during heat events [55].  481 

7. Occupant representation: This criterion examines, if it exists, the occupant representation 482 
model defined for overheating simulations/calculations. The occupant representation describes 483 
the behavior of the occupants in the building, which includes the number of occupants, the use 484 
of spaces, etc. Stochastic and deterministic models are the two principal models for occupant 485 
representation. The stochastic models are based on statistical data to establish random 486 
occupant behavior, whereas the deterministic models are more detailed and accurate.  487 

8. Climate zone-specific: This criterion evaluates whether the method is tailored to the specific 488 
climate conditions of a particular region. The methods or criteria that are effective in one climate 489 
zone may not be effective in another and may lead to overestimation/underestimation of 490 
overheating incidents.  491 

4.3 Classify and categorize regulations according to similarity (classification) 492 

Table 2 and Figure 6 identify the main difference that distinguishes the overheating calculation 493 
methods. Table 2 compares each country's overheating calculation methods and requirements 494 
based on the eight criteria listed in Section 4.2. Figure 6 illustrates and compares the studied 495 
countries spatially. Based on the study report [44], 26 countries were analyzed.  496 
 497 
 498 
 499 
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Table 2: Characterization by the criteria of overheating calculation methods 500 
 501 

 502 
 503 
 504 
 505 
 506 
 507 
 508 
 509 
 510 
 511 
 512 
 513 
 514 
 515 
 516 
 517 
 518 
 519 
 520 
 521 
 522 
 523 
 524 
 525 
 526 
 527 
 528 
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Figure 6: Mapping of overheating calculation methods across Europe 529 
 530 

 531 
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4.4 Selection of six outstanding countries (selection)  532 

This section aimed to identify the most outstanding overheating national calculation method based 533 
on the eight study criteria explained in Section 4.2. The eight criteria represent the state-of-the-art 534 
for evaluating overheating in residential buildings based on comfort-based and multi-zonal 535 
modeling. Table 3 presents a summary of the mapping results. The following paragraph lists and 536 
describes six European countries' most outstanding overheating calculation methods. 537 

 538 
Table 3: Summary of overheating calculation methods classification  539 

 540 
 541 
 542 
Switzerland: 543 
The Swiss comfort calculation is based on a specific summer period definition. The calculation 544 
utilizes a Design Reference Year that includes average heat waves in the Swiss climate. Future 545 
climate change scenarios will be incorporated into the standard, with two scenarios for 2035 and 546 
2050. The future weather files available can be used in the calculation. The thermal comfort 547 
calculation is based on operative temperature and adaptive comfort limits diagrams that define 548 
thresholds for naturally ventilated and air-conditioned buildings [56]. For naturally ventilated 549 
buildings, the maximal upper-temperature limit is higher than for actively cooled residents. The 550 
calculation methods allow for personalized local cooling and consider the proximity of occupants to 551 
heating, cooling, and ventilation systems. Also, the standard has specific occupancy schedules. The 552 
simulation is fully dynamic, and its calculation varies between one hour to a few seconds. The 553 
overall building thermal model is multi-zonal.  554 
 555 
Spain: 556 
The Spanish overheating calculation method is based on a detailed climatic zoning approach. The 557 
calculation method follows a heat balance approach. The country is divided into twelve parts and 558 
has five levels of winter from the most temperate zone A to the coldest E and three levels of 559 
summer from the mildest 1 to the warmest 3. The overheating calculations are only mandatory for 560 
the summer climate zone and are based on the data file of 2005. Solar gains are calculated 561 
assuming that solar radiation during July must not exceed 2.00 kWh/m2.month for any opening; 562 
otherwise, the heat gain must be reduced through shading systems, WWR reduction, and the 563 
modification (lowering) of the g-value. Between June and September, temperatures in living and 564 
sleeping rooms must not exceed more than 4% of the total annual hours for new constructions and 565 
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newly renovated buildings. The operative overheating temperature is at 27°C (from 11:00 pm to 566 
6:59 am -> have night limitation) and 25°C (from 3:00 pm to 10:59 pm) [42]. The calculation method 567 
is based on a dynamic simulation model with a 1-hour calculation time step. The modeling approach 568 
allows for single-zone and multi-zone models based on pre-set hourly schedules.  569 
 570 
Estonia: 571 
Estonia's overheating calculation method is based on a dynamic model with hourly occupancy 572 
profiles. Indoor air temperature is used as the overheating indicator. Residential buildings should 573 
comply with 150 Kh above 27 °C for the indoor temperature (long-term criteria). The calculation 574 
model considers local, personalized heating/cooling & ventilation systems. The calculation 575 
approach allows adopting an adaptive thermal comfort approach based on CEN 16798; the cooling 576 
systems are sized with static thermal comfort requirements. Four major prescriptive requirements 577 
must be met in living rooms and bedrooms regardless of the simulation results: 1) the limitation of 578 
the WWR ≤ 0.4; 2) window-to-floor ratio ≤ 0.15; the presence of effective openable window as a 579 
fraction ≥ 0.1; 3) g-value and 4) WWR x g ≤ 0.2, for single-family [43].   580 
 581 
Germany: 582 
The German calculation approach classifies the country into three summer climatic regions. In 583 
general, the operative temperature should exceed 26°C. However, in Regions C, which represents 584 
metropolitan areas, upper and the middle Rhine, the operative temperature should not exceed 585 
27°C. The dynamic calculation method is based on a single-zone model with hourly or fewer 586 
calculation time steps. A detailed occupancy schedule is used with an internal gain of 100 Wh/m²NFA 587 
for residential buildings [57]. Two calculation approaches are possible: a simplified solar 588 
transmittance static indicator method and an adaptive method for the thermodynamic simulation 589 
method. Overall the overheating temperature hours per year should not exceed 1200 Kh [58].  590 
 591 
UK:  592 
The British overheating calculation methods allow using local weather files for design summer 593 
years: DSY1 = the 2020s, DSY2 = 2050s, and DSY3 = 2080. However, the use of those files is not 594 
mandatory. The two main calculation indicators are 1) hours of exceedance and 2) the operative 595 
temperature. The modeling approach is multi-zonal with an hourly dynamic simulation [59]. The 596 
calculation approach distinguished homes that are predominantly naturally ventilated and 597 
predominantly mechanically ventilated [60]. For mechanically ventilated households, occupied 598 
rooms' operative temperature should be below 26°C and can only exceed 3% of annual occupied 599 
hours.  600 

For naturally ventilated, the exceedance hours (May to September) are set for living rooms, 601 
kitchens, and bedrooms. In bedrooms, the operative temperature should stay lower than 26°C and 602 
cannot exceed 1% of annual hours of sleeping between 22:00 to 07:00. The methodology 603 
recommends a g-value for all external and internal building elements, plus additional shading 604 
features. Airspeed in space is considered, assuming the presence of a ceiling fan or other system 605 
that can generate air movement. The Maximum sensible heat gain of 75 W/person and a maximum 606 
latent heat gain of 55 W/person in living spaces should not be exceeded. An allowance for 30% 607 
reduced gain is considered during sleeping [61]. 608 
 609 
France:  610 
The French overheating calculation is based on climatic zoning that divides the country into eight 611 
geographic zones. Heat waves are considered a basic event in all simulations' weather files. The 612 
calculation is based on a normalized indicator of occupied hours overheating as degree hours that 613 
should not exceed 2600°C.h per year. A distinction between naturally ventilated and air-conditioned 614 
buildings are made. The modeling approach is multi-zonal with a schedule representation of 615 
occupancy presence. The Predicted Mean Vote – Percentage of People Dissatisfied (PMV-PPD) 616 
model is used during the night, where the operative temperature should not exceed 26°C (20:00 to 617 
07:00). This is a mandatory requirement in naturally-ventilated households. An adaptive thermal 618 
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comfort model based on CEN 16798 is applied during the day. The operative temperature threshold 619 
falls between 26°C and 28°C, considering the occupant's capacity for adaptation [62]. The model is 620 
dynamic, with a time step of at least one hour. The designer must install an active cooling system if 621 
the building cannot meet the thermal comfort in any thermal zone [42]. 622 

 623 
In summary, the study findings (Table 3) pointed out France as a European country with one of 624 

the most advanced overheating calculation methods. The French calculation method is based on a 625 
bioclimatic approach with highly ambitious energy efficiency requirements (10 kWh/m2/year), 626 
sometimes exceeding the PassiveHaus standard [14]. On the other hand, the French calculation 627 
approach allows the application of static (PMV/PPD) or adaptive thermal comfort models. More 628 
importantly, the RE2020 protects occupants and requires a mixed/mode operational model for 629 
naturally ventilated households, where the operative temperature should not exceed 26°C (20:00 to 630 
07:00) in sleeping rooms. This is the first standard in Europe that adopts a mixed-mode approach 631 
for overheating calculations. 632 

4.5 Propose factors that should be considered to advance the overheating assessments in future 633 
revisions of building regulations (future criteria) 634 

Finally, the analysis and discussions taken in this study on overheating calculation methods 635 
highlighted the key factors that should be considered to advance the overheating assessments in 636 
future revisions of building regulations. Experts intensively pinpointed the following topics: 637 
 638 

• Climate change and more current historical data and future climatic scenarios are essential 639 
in future calculation approaches.  640 

• Consideration of the urban heat island effect and limitation of night cooling is needed. There 641 
is a need for the use of local weather files to quantify the effects of ventilative cooling [63], 642 
[64]. Addressing heavily populated areas must be brought into calculation methods. 643 

• There is a need for short-term criteria or/and long-term criteria to prepare a building for 644 
thermal resilience and not only thermal resistance. 645 

• There is a need to use a common language for calculation (ISO 52000-1 2017 [65] and 646 
CEN 13790 [66]) and push the concept of symmetry. By symmetry, we mean conducting 647 
calculations for the summer and winter. The winter season must be considered in any 648 
future overheating calculation approach. 649 

• There is a need to refine the calculation methods and introduce multiple parameters based 650 
on real measurements, including wind speed, radiant T°C, and humidity… 651 

• Despite the importance of the performance-based approach, there is a need to define 652 
prescriptive requirements for imposing building envelopes (external shading, WWR limits, 653 
and maximum g-values …) 654 

• There is a need to explore the operation of buildings in mixed modes using PMV-PPD and 655 
adaptive models directly related to occupants' health and well-being, especially in sleeping 656 
rooms [67]. 657 

5. Discussion 658 

This study provides a cross-study to identify the difference in the overheating calculation in 659 
European regulation. It provides recommendations for harmonizing and improving the Energy 660 
Performance of Buildings Directive. In the following section, we present the key study finding and 661 
recommendations. The strength and limitations of the paper are discussed, followed by a discussion 662 
on the implication on practice and future scientific research. 663 

5.1. Study findings 664 

The situation of overheating calculation methods is very complex in Europe. There is a huge 665 
disparity between countries and almost no common approach to addressing overheating in 666 
residential buildings [40] rigorously. For this study, we compared the regulations, indicators, and 667 
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thresholds in 26 countries over three years to understand the different calculation methods and to 668 
be able to distinguish them. We understand that a huge continent like Europe has different climates 669 
and behavioral thermal adaptation measures [68]. However, none of the investigated countries 670 
dedicated enough resources to develop an optimum climate change-sensitive approach that fits 671 
Europe's aging population. Most of the current calculation methods are outdated and do not fit the 672 
purpose of well-being [69]. Most countries rely heavily on a PMV-PPD model that requires active 673 
cooling systems, models households as single zones and does not distinguish between living and 674 
sleeping rooms. Therefore, there is a need to join forces and address overheating collectively.  675 

Out of 26 countries, the study findings pinpointed Switzerland, Spain, Estonia, Germany, the UK, 676 
and France as leaders in evaluating overheating in the domestic sector. Based on Table 03, France 677 
has been ranked as the most consistent and climate-sensitive calculation approach. Other 678 
investigated countries have already revised their calculation methods addressing different climate 679 
comfort models and thermal zone. However, the pace of change is still slow and does not address 680 
the issues raised by experts in Section 4.5. Thus, there is no solid or comprehensible distinction 681 
between air-conditioned, naturally ventilated, and mixed-mode building operations. In our opinion, 682 
the lack of standards on the mixed-mode operation of the residential building is one of the key 683 
challenges to a suitable calculation method. 684 

Our review indicates three key indicators that quantify overheating duration and intensity in 685 
buildings. Firstly, the percentage of occupied hours when an operative temperature exceeds a 686 
certain threshold of the annual occupied hours based on a PMV/PPD or adaptive comfort for a 687 
specific comfort category (I, II, III or IV). The indicator is used by many European standards that 688 
address overheating calculation, including CIBSE (Guide A, TM52, and TM59), The Passive House 689 
Standard, CEN 16789, and ISO 17772. Table 04 provides example of the exceedance hours 690 
indicators in existing thermal comfort standards.  Secondly, the Standard Effective Temperature 691 
(SET) is based on the six thermal comfort parameters: air temperature, radiant temperature, air 692 
velocity, humidity, clothing, and metabolism. Regardless of the thermal comfort (PMV/PPD or 693 
adaptive) model used, we urge using more flexible indicators that consider the effect of airspeed 694 
and humidity. Thirdly, the Indoor overheating Degree (IOD), Ambient Warmness Degree (AWD), 695 
and overheating escalation factor (aIOD=AWD) developed by Hamdy et al. (2011) [69] and adopted 696 
by the IEA Annex 80 [70].  697 

 698 
Table 04: Examples of exceedance hours thresholds in existing thermal comfort standards 699 

Standard 
Temperature 
threshold 

Exceedance hours threshold 

ISO 17772-2  
CEN 16798-2 

26oC (Cat. II) 
6% (annually) - 25% (monthly) - 50% (weekly) during occupied 
hours 

Passive 
House Standard 

25oC 10% (Annually) all hours (not only occupied hours) 

CIBSE Guide A 
(2019) 

=>27oC (Cat. II) 
Mechanically heated and cooled 3% (annually) during occupied 
hours 

CIBSE TM52 => 27oC (Cat. II) 
Free running buildings - 3% during occupied hours during Typical 
non-heating season (1 May to September)  

 700 
Finally, the paper proposes eight overheating calculation criteria presented in Section 4.2 that 701 

can help designers and practitioners to compare and select an appropriate methodology for climate-702 
proof building design. New criteria and metrics for the thermal resilience of residential buildings are 703 
needed during heat events. In a changing climate, there is increasing concern about the risk of 704 
overheating in EU domestic buildings. A consistent and unified approach to overheating calculation 705 
in buildings is needed. This paper identifies key performance indicators to develop a consistent and 706 
appropriate overheating calculation methodology for the EPBD within a resilience paradigm [20]. 707 
The indicators can be elaborated and extended through performance thresholds and prescriptive 708 
requirements to form a common framework for future Europe calculation approaches. 709 

5.2. Study recommendations 710 

https://www.sciencedirect.com/science/article/pii/S0360132323000173
https://www.sciencedirect.com/science/article/pii/S0360132323000173
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Therefore, we strongly recommend developing a common climate-sensitive calculation 711 
framework based on European standards for overheating estimation and thermal autonomy [71]. 712 
Eight parameters related to the overheating calculation are recommended: Time-Integrated or 713 
punctual to quantify overheating over a while, multi-zone or single-zone, static and adaptive thermal 714 
comfort model, normalization to occupied hours, short-term criteria or/and long-term criteria, 715 
occupant representation, and climate zone-specific. Based on the study findings, we recommend a 716 
set overheating indicator including the Indoor overheating Degree (IOD), Ambient Warmness 717 
Degree (AWD), overheating escalation factor (aIOD=AWD), and Standard Effective Temperature. 718 

The study indicates that the French regulation is the most advanced regarding the overheating 719 
calculation in Europe according to the eight criteria reported in Sections 4.2 and presented in 720 
Section 4.4. The French Standard RE2020 fixes a maximum temperature of 26oC in sleeping rooms 721 
at night. It requires an adaptive thermal comfort model based on CEN 16789 that allows the 722 
operative temperature to fluctuate between 26 and 28oC in other housing zones. However, the 723 
upper limit of operative temperature can be further pushed to higher ranges if air velocity and 724 
humidity change. Therefore, we strongly recommend using the Standard Effective Temperature 725 
(SET) as an additional indicator to allow for higher upper operative temperatures during heatwaves 726 
in households while increasing the air velocity (beyond ASHARE 55 [72, p. 55] ) and controlling 727 
humidity.  728 

 Also, there is a need for a constantly updated climate classification map that includes recent 729 
heating-degree days (HDD) and cooling-degree days (CDD) data provided by the European Union 730 
(EU). Without a detailed climatic and topographic standard map for Europe, we will fall under 731 
national climatic classifications that impede any unified calculation approach [73]. Next, a set of 732 
thermal comfort criteria with commonly acceptable thresholds for minimum comfort must be defined 733 
concerning the climate specificity represented in HDD and CDD. Also, issuing Energy Performance 734 
Certificates (EPC) must include a design review step associated with a post-construction inspection 735 
to address overheating risk for building design and renovation [74]. The variation in thermal 736 
performance of the building with the same EPC is any more acceptable [59]. EPC should make 737 
overheating calculations across member states more comparable. 738 

Moreover, there is a need for mandatory prescriptive requirements for the WWR and g-values. 739 
More importantly, external shading protection must be mandatory in cooling-dominated, and 740 
overheating risked households. It is time that Europe introduced mandatory envelope requirements. 741 
Finally, an advanced dynamic simulation approach must be generalized in all countries to test future 742 
climate scenarios and extreme heat wave events and allow for a multi-zonal approach that 743 
distinguishes sleeping rooms. For further details, see Section 4.5. 744 

5.3. Study strengths and limitations 745 

In this study, we created a cross-sectional study that provides a snapshot and advice for 746 
overheating calculation methods across Europe. We gathered detailed information on 26 Europe 747 
countries in a systemic ay involving more than 15 national experts. The study included experts on 748 
the IEA Annex 80 on Resilience Cooling in Buildings. It was developed in close consultation with the 749 
annex activities as part of Group D [75]. To the best of our knowledge, no existing study compared 750 
overheating calculation methods comprehensively in Europe like this study [47]. The implications of 751 
this study can benefit countries beyond the EU, allowing the exploration of different indicators and 752 
thresholds. Also, the study succeeded in proposing an updated and detailed study report, in line 753 
with the EPBD, that pinpoints the weaknesses and strengths of the current regulatory landscape. 754 

At the same time, we know the study is qualitative and could have been more valuable if it had 755 
adopted a quantitative modeling approach. Also, once published will be considered outdated due to 756 
the continuous modifications introduced in the regulations of 26 member and non-member states 757 
and the new EPBD recast that should be published in 2023 or 2024. However, the study remains 758 
highly valuable because it presents a snapshot and comparison of Europe's current overheating 759 
calculation methods. This is the first study that provides such an exhaustive comparison and 760 
dataset that is the first step to conducting quantitative analysis afterward. More importantly, the 761 

https://www.sciencedirect.com/science/article/pii/S0301421519307141
https://www.sciencedirect.com/science/article/pii/S0301421519307141
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study presents constructive and futuristic recommendations of utmost utility and benefit for the 762 
future EPBD recast. 763 

5.4. Implications for practice and future research 764 

There is a need to revise the EPBD calculation framework and calculation method approach. Soon, 765 
European environmental regulations will require building with timber and bio-based materials. As a 766 
consequence, the risk of overheating risk in lightweight construction is increasing [34]. Overheating 767 
is a critical problem that will be manifested across European households during this century. The 768 
current calculation methods require more accurate ways to help the designer to adapt buildings and 769 
renovate beyond the current overheating calculation methods' limitations. There is a need for 770 
funding projects that allow the development, testing, and implementation of novel methods of 771 
overheating calculation. The direct implication of such development is enabling architects and 772 
engineers to design climate-proof buildings that can consider future weather scenarios.  773 

Future research should compare the different calculation methods for benchmarking purposes. 774 
Researchers should seek to develop calculation methods in mixed-mode operations [76]. There is a 775 
need to learn from similar studies on thermal resistance and resilience calculations in other regions 776 
[77]. Modeling resiliency events such as power outages and extreme heat waves requires further 777 
investigation [78]. Also, experimental validation of simulation and measurement-778 
based overheating assessment approaches for residential buildings is needed [79]. Monitoring 779 
summer indoor overheating in cities is essential. More case studies should be presented to test the 780 
different control logic [80] and strategies [81], overheating indicators, and thresholds concerning 781 
public health and mortality rates. The next step of this research is to test the different overheating 782 
calculation methods through a quantitative approach that involves building modeling for 783 
benchmarking. 784 

6. Conclusion 785 

The suitability of existing overheating calculation methods in the EPBD was investigated and 786 
compared against new and emerging methods [70], [82]. Eight parameters related to overheating 787 
calculation were selected: Time-Integrated or punctual, multi-zone or single-zone, static and/or 788 
adaptive thermal comfort model, normalization to occupied hours, short-term criteria or/and long-789 
term criteria, occupant representation, and climate zone-specific. This comprehensive study 790 
indicates a need for more research and deeper investigation – particularly regarding the following 791 
areas and possible recommendations for which the current study indicated significant gaps between 792 
the EPBD and the best available calculation methods [75]. 793 
 794 

• Considering climate change and the urban heat island effect using more current historical 795 
data and future climatic scenarios is essential in future calculation approaches.  796 

• Adopting short-term and long-term indicators prepares a building for thermal resilience and 797 
not only thermal resistance. 798 

• Refine the calculation methods to use a comparative calculation approach based on 799 
existing standards such as ISO 52000-1 2017 [65] and CEN 13790 [66]) and allow for 800 
mixed-mode operation [83]. 801 

• In parallel to the performance-based approach, define prescriptive requirements for 802 
imposing building envelopes (external shading, WWR limits, and maximum g-values …). 803 

• Explore the operation of buildings in mixed modes using PMV-PPD and adaptive models 804 
directly related to occupants' health and well-being, especially in sleeping rooms [67]. 805 
 806 

Planned future work should develop calculation methods in mixed-mode operations. Also, 807 
simulation studies on European home models should be further developed to incorporate the 808 
concepts of thermal resistance and resilience for climate-proof buildings. 809 

APPENDIX 1: Questionnaire 810 

https://www.tandfonline.com/doi/abs/10.1080/00038628.2017.1300130
https://www.tandfonline.com/doi/abs/10.1080/00038628.2017.1300130
https://www.sciencedirect.com/science/article/pii/S0378778816311707
https://www.sciencedirect.com/science/article/pii/S0378778816311707
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To download the questionnaire: https://doi.org/10.7910/DVN/LCBTNX  811 

APPENDIX 2: Report 812 

To download the study report: https://doi.org/10.7910/DVN/LCBTNX  813 

APPENDIX 3: Countries table 814 

To download the comparative table of countries: https://doi.org/10.7910/DVN/LCBTNX 815 
 816 
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