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Ova studija analizira buduće potrebe za grejanjem i hlađenjem u zgradi osnovne škole u Nišu, 

koristeći projektovane vremenske podatke u EPW formatu za godine 2050. i 2080. Vremenski podaci 

su generisani primenom metode EPW morphing na osnovu projekcija klimatskih modela CMIP6, 

uključujući CNRM-CM6.1-HR, EC-Earth3 i EC-Earth3-Veg, pod različitim scenarijima emisija 

(SSP1-2.6, SSP2-4.5, SSP3-7.0 i SSP5-8.5). Korišćenjem ovih podataka sprovedene su energetske 

simulacije za procenu godišnje potrošnje energije za grejanje i analizu perioda visokih temperatura 

relevantnih za potrebe hlađenja, uzimajući u obzir dinamiku prisustva učenika i osoblja, unutrašnje 

toplotne dobitke i postojeće režime korišćenja. Cilj istraživanja je da se identifikuju potencijalne 

promene u energetskim zahtevima školskih objekata usled klimatskih promena i pruže preporuke za 

prilagođavanje sistema grejanja i hlađenja u skladu sa očekivanim klimatskim uslovima sredinom i 

krajem 21. veka. Rezultati pokazuju značajne razlike među modelima i scenarijima, posebno u peri-

odima visokih temperatura, što naglašava važnost korišćenja više modela i metodološki konzistentnog 

pristupa pri planiranju energetski efikasnih i klimatski adaptiranih obrazovnih objekata.. 

 

This study analyzes future heating and cooling demands of an elementary school building in 

Niš, using projected EPW weather data for the years 2050 and 2080. The weather data were gener-

ated using the EPW morphing method based on CMIP6 climate model projections, including CNRM-

CM6.1-HR, EC-Earth3, and EC-Earth3-Veg, under various emission scenarios (SSP1-2.6, SSP2-4.5, 

SSP3-7.0, and SSP5-8.5). Using these datasets, energy simulations were performed to estimate an-

nual heating energy consumption and to analyze periods of high temperatures relevant to cooling 

needs, taking into account student and staff occupancy patterns, internal heat gains, and existing 

building usage. The aim of the study is to identify potential changes in the energy demand of school 
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buildings due to climate change and to provide recommendations for adapting heating and cooling 

systems in line with expected mid- and late-21st century climate conditions. Results show significant 

differences among models and scenarios, particularly during periods of high temperatures, highlight-

ing the importance of using multiple models and a methodologically consistent approach when plan-

ning energy-efficient and climate-adapted educational buildings.  

1. Introduction 

The Climate change, associated with a global temperature increase of approximately 1.1 °C 

above pre-industrial levels, represents a growing challenge for energy use, economic systems, and 

public health. The IPCC Sixth Assessment Report emphasizes that climate impacts are accelerating 

in pace, intensity, and spatial coverage [1]. 

Since the late 19th century, global mean temperature has increased by approximately 0.8 °C, 

with an accelerated warming trend recorded in recent decades [2]. This warming is largely attributed 

to anthropogenic greenhouse gas emissions, while climate projections indicate additional temperature 

increases by the end of the 21st century depending on the emission scenario considered [2,3]. 

Climate change poses significant challenges to the built environment, particularly with respect 

to thermal comfort and building energy demand. Previous studies indicate that the risk of overheating 

in buildings is expected to increase even under moderate climate change scenarios [4]. This risk is 

further amplified in urban areas due to the urban heat island (UHI) effect, which results in elevated 

nighttime temperatures and a reduced potential for passive cooling strategies [5]. 

Most existing building energy retrofit strategies primarily aim to reduce heating demand. How-

ever, it has been shown that increasing thermal insulation levels without adequate passive design 

measures may adversely affect summer thermal comfort and increase overheating risk [6,7]. In con-

trast, numerous studies demonstrate that combining enhanced thermal insulation with nighttime nat-

ural ventilation and external solar shading can significantly improve summer indoor conditions [8–

12]. 

Building Performance Simulation (BPS) is widely applied to assess the impacts of climate 

change on building energy performance and indoor environmental conditions. The reliability of such 

simulations strongly depends on the quality of input meteorological data, as well as on proper model 

calibration and validation using measured data from real buildings [13–18]. Nevertheless, most ex-

isting studies continue to rely on hypothetical building models, while only a limited number are based 

on calibrated models prior to future climate impact assessments [19,20]. 

A major challenge in climate impact assessments is the generation of future weather files. The 

use of multiple climate models, emission scenarios, and time horizons is recommended in order to 

capture the inherent uncertainties in climate projections [21]. When local measured data are available, 

bias-correction techniques can further enhance the reliability of future weather time series [22]. 

Due to the coarse spatial and temporal resolution of global climate models, downscaling tech-

niques are required. Dynamic downscaling using regional climate models has proven more suitable 

for analyzing both typical and extreme climate conditions compared to simpler statistical approaches 

[23]. Alternatively, stochastic weather generators enable the generation of high-resolution hourly and 

daily meteorological data while preserving the statistical characteristics and interdependencies of cli-

mate variables [24]. 

The UKCP09 weather generator represents a notable example of such an approach, allowing 

the generation of large ensembles of synthetic weather years for historical and future periods and 

providing a probabilistic representation of climate uncertainty [24, 25]. These tools facilitate detailed 
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analyses of future climatic conditions and their application in building energy simulations, including 

overheating risk assessments. 

An important aspect of future research is the explicit consideration of extreme climate events, 

such as heatwaves, whose frequency and intensity are projected to increase. Various heatwave defi-

nitions have been proposed in the literature depending on regional context and research objectives, 

and these are increasingly applied in studies examining the impacts of climate change on buildings 

[26–31]. Furthermore, accounting for urban microclimatic effects is essential, as standard climate 

datasets often fail to adequately represent UHI influences [32]. 

Despite considerable progress, there remains a lack of integrated studies that simultaneously 

account for multiple climate models, bias correction, extreme climate events, and urban context 

within a unified methodological framework [21]. 

Climate change is unequivocally present and largely driven by human activities, as evidenced 

by the continued rise in global temperatures and the increasing frequency of extreme climate events 

[33]. These trends indicate that future climatic conditions will have a substantial impact on the per-

formance of the built environment, particularly in terms of energy efficiency, cooling demand, and 

thermal comfort. This highlights the critical importance of using reliable future weather data and 

climate scenarios in both building performance analyses and the development of effective adaptation 

strategies [33]. 

This study focuses specifically on educational buildings, with a particular emphasis on schools 

as critical indoor environments for children. Schools present unique challenges in terms of thermal 

comfort, indoor air quality, and energy consumption due to their high occupancy density, varying 

schedules, and extended daily operational hours. Understanding the impact of climate change on 

schools is essential, as elevated temperatures and extreme weather events can significantly affect both 

student health and learning performance. Therefore, this research evaluates future climate scenarios 

and building performance simulations (BPS) specifically for school buildings, aiming to provide in-

sights into overheating risks, energy demand, and adaptive strategies tailored to the educational sec-

tor. 

2. Methodology 

This research is based on energy simulations of an elementary school building located in Niš, 

considering both the existing condition of the building and potential energy retrofit scenarios. For the 

selected location, design-day meteorological data were used, with a maximum dry-bulb air tempera-

ture of 35 °C for the summer design day and a minimum temperature of −15 °C for the winter design 

day. The total gross floor area of the building is 4612.69 m², while the conditioned floor area amounts 

to 4456.19 m². The total window area of the building envelope is 1266.9 m², the total external wall 

area is 3591.82 m², and the roof area is 3381.12 m². 

The assessment of the school’s energy consumption was performed using the EnergyPlus sim-

ulation engine, taking into account the actual operational conditions of the building. Occupancy 

schedules for the thermal zones were defined in accordance with the official school calendar in the 

Republic of Serbia, which includes a total of 180 school days per year. The longest non-teaching 

period occurs during the summer break, from June 15 to August 30. The presence of students and 

teaching staff was modeled using the Schedule:Compact object for weekdays throughout the aca-

demic year. 

The school operates in a two-shift system, with working hours from 08:00 to 20:00, which was 

reflected in the definition of occupancy schedules, internal heat gains, and HVAC operating regimes. 
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Under current conditions, the average specific energy consumption for space heating is approximately 

150 kWh/m² per year, indicating a considerable potential for improving the building’s energy effi-

ciency. 

At present, the building is not equipped with an active cooling system, as periods of high out-

door temperatures under current climatic conditions largely coincide with the summer break when 

the school is not in operation. However, due to climate change and the expected increase in outdoor 

temperatures, the need for cooling during the teaching period becomes increasingly relevant, partic-

ularly in periods before June 15 and after September 1. This aspect is especially important from the 

perspective of thermal comfort for students and staff, as well as in terms of future energy demand. 

Accordingly, this study examines future climate scenarios and their impact on the school’s en-

ergy performance, with particular emphasis on the occurrence and frequency of overheating in class-

rooms. Energy simulations were conducted for both the existing building condition and selected ret-

rofit measures to evaluate the potential effectiveness of adaptive strategies in the context of climate 

change. 

2.1. Simulation model development   

Digital The geometric model of the school building was developed using Google SketchUp, 

enabling a detailed representation of the building’s existing architectural and spatial characteristics. 

Particular attention was given to the accurate modeling of the building envelope, including external 

walls, roofs, windows, and shading elements, due to their significant influence on the thermal perfor-

mance of the building. 

The model represents the school in its current condition, without the application of energy ret-

rofitting measures or energy-efficiency improvements. Building assemblies, thermal properties of 

envelope components, and window characteristics were defined based on available technical docu-

mentation, as well as typical construction solutions for school buildings of similar age and typology 

in Serbia. Internal heat gains from occupants, lighting, and equipment were specified in accordance 

with standard values for educational buildings and aligned with the previously defined occupancy 

schedules. 

  

Figure 1. Real state of the school building (left) and simulated model (right) 

Thermal simulations were conducted using EnergyPlus as the simulation engine, while 

SketchUp was employed as the primary tool for geometric modeling and input data preparation. En-

ergyPlus input files were generated through the SketchUp–OpenStudio workflow, ensuring con-

sistency between the geometric model and simulation parameters. In all simulations, meteorological 
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data for Niš were used to capture seasonal and diurnal climatic variations characteristic of the local 

context. 

To ensure the reliability of the results, the simulation models were verified in terms of geometric 

accuracy, zoning consistency, and the appropriate definition of boundary conditions. The developed 

models provide a robust basis for further analyses of energy consumption, thermal comfort, and over-

heating risk under both current climatic conditions and future climate scenarios. 

2.2. Climate projections and EPW weather file morphing 

To assess the impact of future climate change on the energy demand and thermal comfort of 

school buildings, climate projections were developed specifically for Niš, Serbia. This approach com-

bines historical measured climate data with projections of future climatic conditions, allowing a lo-

cation-specific analysis of climate change and its potential effects on building performance. 

The primary tool used was the FutureWeatherGenerator (FWG), which applies the EPW 

morphing methodology, adjusting existing hourly weather data according to projected changes in key 

climatic variables. The reference EPW file for Niš was used as the baseline, and future weather files 

were generated for two time horizons: 2050 and 2080, enabling the assessment of both medium-term 

and long-term climate impacts. 

 

  

Figure 2. Projected temperature changes in 2050 based on  

EC‑Earth3‑Veg generated EPW weather files 

Future climate projections were based on global climate models from the CMIP6 ensemble, 

representing the latest generation of climate simulations. Three models were selected for this study—

CNRM-CM6.1-HR, EC-Earth3, and EC-Earth3-Veg—to capture a range of possible future climate 

outcomes and reduce reliance on a single model. The analysis was conducted for multiple Shared 
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Socioeconomic Pathways (SSPs), including SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5, represent-

ing low- to high-emission scenarios. 

Since the spatial coordinates of the climate models do not always precisely match the location 

of the Niš EPW file, bilinear interpolation was applied during the morphing process to provide smooth 

spatial adjustment of projected climate variables and improve the representation of local conditions. 

Additionally, to avoid abrupt transitions between months, a 72-hour monthly transition period was 

applied, ensuring a gradual shift between the last hours of one month and the first hours of the next, 

given that CMIP6 models provide monthly data while EPW files are hourly. 

Finally, the “apply variable limits” option was used to ensure all simulated values remained 

within physically plausible ranges. The resulting future EPW files for 2050 and 2080 were subse-

quently used as input for building energy simulations, enabling the assessment of changes in heating 

and cooling demands, overheating risks, and the evaluation of potential adaptation strategies under 

future climate conditions. 

 

  

Figure 3. Projected temperature changes in 2080 based on  

EC‑Earth3‑Veg generated EPW weather files 

3. Simulation and Results 

To evaluate the current energy performance of the school building in Niš, thermal simulations 

were conducted using the available EPW file for the year 2023, representing typical meteorological 

conditions. The simulations provide a baseline assessment of the building’s energy demand and serve 

as a reference point for the analysis of future scenarios. 



56. MEĐUNARODNI KONGRES I IZLOŽBA O KGH 335 

 

The results indicate that the total annual energy consumption for the school is 425,996.7 kWh, 

corresponding to approximately 141.25 kWh/m² of heated floor area. These values reflect the build-

ing’s existing operational patterns, including occupancy dynamics, internal heat gains, and the ab-

sence of an active cooling system. This baseline scenario provides a crucial reference for assessing 

the impact of projected future climate changes on energy consumption and thermal comfort for both 

students and staff. 

Table 1. Heating demand for 2050 and 2080 – CBRN_CM6.1_HR 

Results SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 

 2050 

Energy for heating (kWh) 195263 216564 247410 259424 

Energy for heating per 

area(kWh/m2) 
64.7 71.8 82.0 86.0 

 2080 

Energy for heating (kWh) 232940 227594 236907 167005 

Energy for heating per 

area(kWh/m2) 
77.2 75.5 78.5 55.4 

 

Using the CBRN_CM6.1_HR methodology, by the year 2050, changes in heating demand are 

relatively small, with a decrease of 3–8% between the lowest and highest scenarios. This indicates 

that, in the medium term, climate change will not radically reduce energy demand for heating. 

By 2080, heating demand is projected to decrease more significantly, particularly under high-

emission scenarios: SSP5-8.5 shows a drop of nearly 40% compared to the baseline low-emission 

scenario (SSP1-2.6). 

A similar trend is observed for heating demand per area (kWh/m²): for SSP5-8.5, it decreases 

from 109 kWh/m² to 68.1 kWh/m² by 2080, clearly demonstrating the substantial impact of climate 

change on reducing heating requirements. 

Table 2. Heating demand for 2050 and 2080 – EC-Earth3 

Results SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 

 2050 

Energy for heating (kWh) 322418 314048 308991 300079 

Energy for heating per 

area(kWh/m2) 
107.0 104.0 102.0 99.5 

 2080 

Energy for heating (kWh) 330042 298740 247501 205257 

Energy for heating per 

area(kWh/m2) 
109.0 99.0 82.1 68.1 

 

Using the EC-Earth3 methodology, the medium-term effect (2050) shows only small differ-

ences between scenarios, indicating that heating is still widely used and demand remains relatively 

stable. 
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The long-term effect (2080), however, reveals significant differences between low- and high-

emission scenarios, with a reduction of up to 40–45% in the extreme SSP5-8.5 scenario compared to 

the low-emission SSP1-2.6 scenario. 

Heating demand per area clearly demonstrates that, under high-emission scenarios, buildings 

will require much less heating, which could have implications for heating system planning and may 

potentially shift the focus toward cooling. 

Table 3. Heating demand for 2050 and 2080 – EC-Earth3-Veg 

Results SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 

 2050 

Energy for heating (kWh) 376121 324330 335630 286054 

Energy for heating per 

area(kWh/m2) 
125.0 108.0 111.0 94.8 

 2080 

Energy for heating (kWh) 326093 299639 253609 225248 

Energy for heating per 

area(kWh/m2) 
108.0 99.3 84.1 74.7 

 

For the medium-term effect (2050), there is a significant difference between scenarios, with 

30–35% lower heating energy demand in high-emission scenarios compared to low-emission ones. 

This indicates that medium-term climate change can already influence projected heating require-

ments. 

In the long-term (2080), differences between low- and high-emission scenarios remain signifi-

cant, with a reduction of up to 30–35% in total heating demand under SSP5-8.5 compared to SSP1-

2.6. Specific heating demand per area also shows that heating will become less dominant in the build-

ing’s energy balance. 

Scenario inequalities are notable: in 2050, SSP3-7.0 exhibits slightly higher consumption than 

SSP2-4.5 (335,630 kWh vs. 324,330 kWh), which may be due to regional climate characteristics and 

model predictions for this scenario. 

Table 4. Number of hours with outdoor temperatures above 26°C  

– periods of significant cooling demand 

Results SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 

TMY 779/186 

CBRN_CM6.1_HR 1113 428 1448 570 1468 560 1626 676 

EC-Earth3 1294 409 1494 455 2115 685 2399 884 

EC-Earth3-Veg 1223 325 1385 406 2079 681 2235 750 

Period The en-

tire year 

The 

school 

year 

The entire 

year 

The 

school 

year 

The entire 

year 

The 

school 

year 

The entire 

year 

The school 

year 

 

The simulation analysis shows a significant increase in the number of hours during which out-

door temperatures exceed critical thresholds for cooling requirements in the school building in Niš, 
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depending on the selected climate scenarios and weather files. Two temperature thresholds were used 

as reference values: 26°C, when significant cooling demands begin, and 32°C, when severe thermal 

stress occurs and high demands on cooling systems are observed. 

Table 5. Number of hours with outdoor temperatures above 32°C  

– periods of severe thermal stress 

Results SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 

TMY 125/9 

CBRN_CM6.1_HR 243 18 391 94 417 77 405 78 

EC-Earth3 385 46 569 92 887 171 1065 253 

EC-Earth3-Veg 386 24 438 44 893 164 956 168 

Period The en-

tire 

year 

The 

school 

year 

The en-

tire year 

The 

school 

year 

The en-

tire year 

The 

school 

year 

The entire 

year 

The school 

year 

The results presented in Table 4 and Table 5 demonstrate a pronounced and systematic in-

crease in cooling demand and exposure to extreme thermal conditions under future climate scenarios 

projected for the year 2080. The number of hours with outdoor temperatures exceeding 26 °C (Table 

4) increases across all SSPs and climate models compared to the TMY reference, indicating a robust 

warming signal. Even under the low-emission SSP1-2.6 scenario, exceedance during the school year 

increases substantially, suggesting that cooling demand will become a regular operational require-

ment in school buildings.This trend intensifies under higher-emission scenarios. For SSP3-7.0 and 

SSP5-8.5, the number of school-year hours above 26 °C increases by several-fold relative to TMY 

conditions, implying that HVAC systems designed using historical weather data are likely to be sig-

nificantly undersized. The consistency of this response across multiple climate models further con-

firms the reliability of the observed trends. 

Exceedance of the 32 °C threshold, reported in Table 5, reveals a qualitative shift from rare 

extreme events to recurrent periods of severe thermal stress. While such conditions are negligible 

during the school year in the TMY dataset, future scenarios—particularly SSP3-7.0 and SSP5-8.5—

indicate frequent and prolonged exposure during occupied periods. This raises critical concerns re-

garding thermal comfort, indoor environmental quality, and potential health risks for occupants. 

4. Conclusion 

Simulations of the energy demand and thermal comfort of the school building in Niš show 

significant differences in heating and cooling requirements depending on the climate models and 

emission scenarios used. Analysis using the TMY file for 2023 allowed for the definition of a baseline 

reference scenario, where the annual heating energy consumption was 425,996.7 kWh, or 141.25 

kWh/m². These values represent the current climatic conditions and the existing building usage pat-

terns, including student and staff occupancy dynamics, internal heat gains, and the absence of an 

active cooling system. 

The application of the EPW morphing method with climate projections for 2050 and 2080 en-

abled a more precise assessment of future climate conditions, identification of periods of high tem-

peratures, and increased cooling demands. The number of hours with outdoor temperatures above 

26°C and 32°C rises significantly compared to the TMY scenario, especially under high-emission 

scenarios (SSP3-7.0 and SSP5-8.5). These results clearly indicate that climate change may lead to 

higher cooling requirements in school buildings, even during periods when the building was previ-

ously inactive, such as before and after the summer break. 
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Heating simulation results show substantial differences between models: the EC-Earth variants 

predict significantly higher heating demands (e.g., up to 125 kWh/m² in 2050 according to EC-

Earth3-Veg for SSP1-2.6), whereas the CNRM model predicts lower values for the same years and 

scenarios. Some scenarios toward 2080 show a decrease in heating needs (particularly SSP5-8.5), 

which is logical given warmer winters, while CNRM SSP1-2.6 predicts an increase, possibly due to 

changes in humidity, wind, or seasonal redistribution of temperatures. This highlights the necessity 

of using multiple models and an ensemble approach to reduce uncertainty in estimates. 

For adaptive strategies and energy optimization, it is recommended to: 

- Use multiple climate models and scenarios, along with bias correction and local downscal-

ing, to improve the reliability of simulations. 

- Conduct sensitivity analyses for different scenarios (conservative, medium, optimistic) re-

garding costs, system sizing, and the design of adaptive measures. 

- Consider transitioning from fixed radiators to more flexible and energy-efficient systems, 

including low-temperature radiators combined with heat pumps. 

- Invest in improved thermal insulation, control systems, automation, and zoning, reducing 

the risk of relying on a single model. 

- Utilize multi-year EPW files for past years and compare them with predicted future scenar-

ios to better assess climate impacts. 

Notably, the results presented in Table 4 and Table 5 indicate a disproportionate concentration 

of exceedance hours within the school year for both temperature thresholds, despite its limited share 

of the annual period. This pattern suggests a temporal shift of peak thermal stress toward late spring 

and early autumn, with periods of significant cooling demand (>26 °C, Table 4) and severe thermal 

stress (>32 °C, Table 5) increasingly coinciding with active school occupancy. Consequently, reliance 

on TMY-based weather files may lead to a systematic underestimation of both cooling loads and 

thermal stress risks in school buildings. 

Overall, these findings emphasize the necessity of climate-adaptive design and HVAC sizing 

strategies based on future weather scenarios. The integration of passive mitigation measures with 

efficient cooling systems is essential to ensure the long-term thermal resilience of school buildings 

under projected climate change. 

These results emphasize that planning adaptive strategies and improving energy efficiency in 

schools under climate change conditions is a complex process. Only an integrated approach, incor-

porating multiple models, emission scenarios, analysis of periods with high temperatures, assessment 

of overheating risks, and prediction of future climate conditions, can ensure energy efficiency, sus-

tainability, and adequate thermal comfort for students and staff. 
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