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Abstract

:

It is well known that the construction sector is one of the main sectors responsible for energy consumption in the current global energy scenario. Thus, buildings’ energy software become essential tools for achieving energy savings. Climate and its implications for building energy performance are a critical threat. Hence, the aim of this study is to evaluate the climatic conditions in urban and suburban areas of Rome, estimating the incidence of the Urban Heat Island (UHI) phenomenon. To this end, meteorological data obtained from three different areas (two airports and one inside the city) were examined and compared. Then, TRNSYS software was used to create a simple building, in order to assess the impacts of various climatic situations on building energy performance. The study revealed significant percentage differences both in terms of energy needs for heating, from −20.1% to −24.9% when the reference stations are, respectively, Fiumicino and Ciampino, and for cooling, with a wider range, from +48.7% to +87.5% when the reference stations are Ciampino and Fiumicino. Therefore, the study showed the importance of more accurately selecting sets of climate values to be included in energy simulations.
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1. Introduction


Buildings are the main sector responsible for energy consumption in the current world energy scenario [1]. In this context, energy retrofit interventions and the design of new, efficient buildings prove to be winning strategies.



In particular, building energy simulation software become essential tools for quantifying the energy consumption of green buildings, i.e., of that type of building designed, built and managed in a sustainable and efficient manner, and for assessing the energy savings of existing buildings during the energy requalification phase.



The energy performance of buildings can be assessed using stationary and dynamic simulation codes. These software require specific meteorological data to take into consideration the local environmental climatic conditions, returning the energy demands of the building.



Climate data sets are known as the Typical Meteorological Year (TMY), which is a set of meteorological data characterized by values for each hour in a year, for a given geographic site. The hourly data are chosen over a longer period of time, usually 10 years or more [2]. For each month of the year, data are selected from the year that can be considered most representative for that month. Since 1994, in Italy, buildings have been designed applying the UNI 10349 standard [3]. This is a national standard that suggests monthly average values for climate data for specific sites. Its first version used data from the period 1951–1970. The Standard was updated in 2016 on the basis of the monthly average data calculated from the reference years of the tests developed by CTI [4] for various different Italian cities. Starting from this, it should be noted that nowadays, climate change, and the consequent impact on buildings’ energy performance, represents a critical issue. In fact, urban growth has led to an increase in the air temperature in cities compared to rural areas and to an expansion of the Urban Heat Island (UHI) phenomenon [5,6]. This is caused by the increase in solar radiation absorbed by the building materials [7,8]. The UHI phenomenon increases the cooling in urban areas [9,10], which implies higher energy consumption that leads to an increase in pollutant levels in the urban context [11,12]. Xie et al. [13] studied the correlation between the UHI and the land use/land cover ratio from 1987 to 2016 in Wuhan, China, finding that high temperatures were concentrated in construction land.



The overheating involved in the UHI phenomenon is directly related to human health. As a matter of fact, the increase in air temperature affects the outdoor thermal comfort of inhabitants [14]. This effect is more relevant in summer and, for this reason, making cities cooler plays a crucial role [15].



Therefore, in recent years there has been a significant increase in building retrofit interventions in densely built cities. In fact, in addition to the increasingly widespread use, especially in green buildings, of small renewable generators capable of reducing energy consumption [16] and the attention paid to optimizing the energy tariffs of smart buildings [17], in recent years there have been numerous interventions aimed at reducing energy consumption for cooling and improving the thermal inertia of the building, and studies on the implication of thermostatic appliances (such as air conditioners, water heaters and freezers) on saving electricity in homes, and on safeguarding the internal comfort of the occupants and the internal comfort of the occupants, have intensified [18,19].



Recently, many studies have been focused on mitigation techniques of the UHI, such as green roofs [20,21], cool materials [22,23], vegetation [24,25] and water sources [26,27]. The adoption of mitigation strategies has an important role both for the whole cities and for localized urban areas such as urban canyons [28]. Matias and Lopes [29] studied how the radiation balance of urban materials influences air temperature in an urban canyon.



Consequently, accurate energy modeling becomes essential both for the design of new buildings and for the identification of optimal retrofit interventions.



The presence of a dense and homogeneous distribution of meteorological and climatic stations on the territory, and therefore the availability of numerous climate files, would allow us to conduct more reliable energy simulations in the different study areas and to evaluate in a more realistic way the net transfers of radiative heat between surfaces and the sky vault. In fact, the evaluation of the sky temperature is fundamental too, and must be adequately considered [30].



In addition to quantifying the UHI phenomenon in a typical district of the city of Rome compared to the rural airport areas of Fiumicino and Ciampino, the important novelties of this work consist of underlining the importance of using reliable climate files in building energy simulation software, analyzing the energy needs for heating and cooling and the differences found using different climatic data.



Therefore, the purpose of this study is to evaluate the thermal conditions in urban and suburban areas of Rome, estimating the UHI phenomenon impact. The meteorological data obtained from three different areas of airport and densely built districts of Rome were examined and compared. The differences between the meteorological data were highlighted, also taking into consideration the UNI 10349. Furthermore, the dynamic software TRNSYS [31,32] was used to create a simple building, in order to assess the impact of different climatic situations on the heating and cooling of a reference building.



The paper is structured as follows: Section 2 illustrates the stations from which the climatic data were obtained, the methodology used and the model of the typical building for which the energy needs for cooling and heating were calculated, with the set of climatic data provided as input; Section 3 shows and discusses the results obtained from the study; and finally, Section 4 draws the conclusions.




2. Materials and Methods


Rome is a densely built Italian city of about 4 million inhabitants as a result of a constant urban expansion over time. The city is located 24 km from the Tyrrhenian coast and it is characterized by temperate climatic conditions and hot summer seasons, with maximum average temperatures higher than 30 °C.



To assess the aim of this study, data from different meteorological stations were used: two airport meteorological stations and one urban station (Figure 1).



Specifically, Fiumicino and Ciampino airport stations were selected as they are two rural areas typically also present in the climate data sheets of the dynamic energy modeling software, while the area of the Rome station was selected as it represented a typical neighborhood of the city, densely built and with high population density. This selection made the quantification of the UHI phenomenon realistic and reliable. The airport stations are reference weather stations for the Meteorological Service of the Military Air Force and for the World Meteorological Organization (WMO, Geneva, Switzerland) [33].



The methodological approach of this research can be divided into two main parts:



1. Acquisition and processing of climatic data of the stations selected for the evaluation of the impact of the UHI in Rome;



2. Different climatic conditions’ effects on building energy performance.



Starting from this, the first part of the research is characterized by the following steps:




	
The biennial meteorological data obtained from two airports near the city (Fiumicino and Ciampino airports) and in a densely built Rome neighborhood were examined and compared considering the same time interval (from January 2019 to December 2020), evaluating the differences in terms of temperature, wind velocity and relative humidity of the three different areas;



	
Monthly average maximum and minimum temperatures were processed and used for evaluating the Urban Heat Island Intensity (UHII) in Rome. In order to quantify the UHI phenomenon, the day and night UHI intensity was used, calculated according to the following expressions:










  U H I  I  d a y   = T m a  x  u r b a n   a r e a   − T m a  x  r u r a l   a r e a    



(1)






  U H I  I  n i g h t   = T m i  n  u r b a n   a r e a   − T m i  n  r u r a l   a r e a    



(2)




where   U H I  I  d a y     and     U H I  I  n i g h t     are the intensity indices of the UHI phenomenon, diurnal and nocturnal, respectively,   T m a  x  u r b a n   a r e a     and   T m i  n  u r b a n   a r e a     are the maximum monthly temperatures recorded during the day and the minimum monthly temperatures recorded at night by the selected Rome station and   T m a  x  r u r a l   a r e a     and   T m i  n  r u r a l   a r e a     are the maximum monthly temperatures recorded during the day and the minimum monthly temperatures recorded at night by the rural stations (in this case, one Fiumicino and one Ciampino).



On the other hand, the second part of the research is characterized by the following steps:




	
Analysis of the influence of the different actual weather data recorded in 2019 by the selected stations of Rome, Fiumicino and Ciampino on the annual heating and cooling energy needs of a detached building, through the dynamic software TRNSYS;



	
Comparison between the annual heating and cooling energy needs obtained using the TMY available for building energy simulations in Rome, UNI 10349:2016 and actual climatic data in 2019 in order to quantify the differences due to the use of unrealistic climate files.








The stations selected in this study belong to the Davis Vantage Vue model. In particular, the accuracies of the sensors for measuring wind speed and direction, external temperatures and humidity are, respectively, 3 km/h or 5%, 3°, 0.5 °C and 3%. In terms of resolution, the control unit is characterized by values equal to 1 km/h for wind speed, 1° for wind direction, 0.1 °C for external temperature and 1% for relative humidity. Furthermore, Table 1 provides information on their positioning.



Energy simulations were performed for a simple, regularly shaped building, characterized by a square plan, with walls with a surface area of 36 m2 (see Figure 2). A common wall stratigraphy for the years 1900–1950 was simulated. It is characterized by solid bricks plastered on both sides, with a U-value equal to 1.020 W/m2K. Detailed information about the thicknesses of the layers and the materials’ thermal properties is listed in Table 2.



The whole building envelope had a solar absorptance coefficient equal to 0.6. Windows had an area of 18 m2 and a U-value of 5.61 W/m2K. The infiltration rate was equal to 0.5 1/h. Sensible heat equal to 65 W and latent heat equal to 55 W were set for taking into account the occupancy, and thermal power equal to 140 W was set for appliances. The indoor set-point temperatures were 20 °C and 26 °C for heating and cooling, respectively.




3. Results and Discussion


3.1. UHI in Rome: Climatic Data Comparison


The first step of this study focused on the analysis of temperatures, relative humidity and wind speed values registered by the meteorological stations of Rome, Ciampino and Fiumicino during the years 2019 and 2020 (Figure 3, Figure 4 and Figure 5) in order to assess the different climatic scenarios.



Comparing the average monthly air temperatures, the same trend can be observed from Figure 3 for all three selected stations.



In particular, the values obtained from Fiumicino and Ciampino airport stations (renamed in the following figures as “FCO” and “CIA”) are characterized by very similar values during the two years.



On the contrary, air temperatures in Rome are always characterized by higher values, confirming the UHI impact within the city.



The Rome meteorological station was appropriately selected not only for the completeness of the data collected, but also for its central position, in a densely built neighborhood of the city center.



Fiumicino and Ciampino recorded maximum percentage differences in terms of average monthly temperatures equal to 7% in 2019 and 6% in 2020. Fiumicino was characterized by lower temperatures than Ciampino, especially in the summer months of June, July and August, with temperature differences, respectively, equal to 1.07, 0.74 and 1 °C in 2019, and equal to 0.77, 0.94 and 0.92 °C in 2020. In June, July and August, the greatest differences in monthly average temperatures can be noticed when analyzing data related to Rome and Fiumicino. Indeed, for these summer months, the monthly differences are, respectively, equal to 2.68, 2 and 2.29 °C in 2019, and 2.05, 2.14 and 1.97 °C in 2020. By comparing Rome and Ciampino weather data, the greatest temperature differences can be observed during February 2019 (1.81 °C) and February 2020 (1.63 °C).



Furthermore, comparing the average values of the monthly temperatures recorded during 2019 and 2020 by all stations, very low percentage differences can be observed. In particular, they are equal to 0.1% for the Rome station, 1.1% for the Ciampino station and 0.5% for Fiumicino. This was also confirmed by the analysis of the monthly average temperature differences recorded over the two years for each meteorological station. Therefore, the observed temperature trends highlighted the existence of the UHI in Rome. This is also indicated by the wind speed analysis (Figure 4). Significant differences occur due to the different positions of the data acquisition points.



Fiumicino has the highest average wind speed values. During 2019, wind speed values between 10.71 and 16.37 km/h were observed, with an annual mean value of 12.8 km/h. In 2020, values between 11.22 and 14.06 km/h were acquired, with an average wind speed equal to 12.36 km/h. Analyzing Figure 4, wind speeds recorded in Ciampino are higher than those logged in Rome, with an average annual value equal to 10.51 km/h during 2019, and 10.46 km/h during 2020. Rome is characterized by the lowest wind speed values, with annual averages equal to 2.36 km/h in 2019 and 2.52 km/h in 2020, and maximum peak values of 3.08 km/h in February 2019 and 3.52 km/h in May 2020. The results obtained through the meteorological station located in Rome confirm that the city is characterized by significantly different air circulation flows when compared to neighboring areas, as the tall buildings hinder and reduce the wind flows.



The percentage differences relating to the average annual wind speed values recorded by the stations in the two-year period are comparable, with variations equal to 6.6% for Rome, −0.5% for Ciampino and 3.4% for Fiumicino.



As previously mentioned, the comparisons were also carried out in terms of relative humidity (RH) (Figure 5). Overall, Rome is distinguished by lower values than Fiumicino, except in a few moments in winter.



The decrease in urban temperatures is also due to the relative humidity that reduces the evapotranspiration effect. It is known that through evapotranspiration, areas consisting of water bodies, urban agriculture and vegetation can significantly contribute to microclimatic mitigation and therefore to environmental cooling [34].



Fiumicino, due to its position near the Tyrrhenian coast, has relatively higher humidity levels during the summer. In 2019, Rome recorded relative humidity values between 64.5% and 85.0%, while in 2020 the percentage range becomes equal to 63.8% and 82.5%, with an annual average of approximately 72.7%. In contrast, Fiumicino recorded annual average values of 73.7% in 2019 and 74% in 2020.



Ciampino has the lowest relative humidity, with minimum and average values, respectively, equal to 54.9% and 66.6% in 2019 and 54.9% and 66.3% in 2020. In addition, similar trends and particularly comparable annual average values occur in the two years of monitoring, with percentage differences between 0% and 0.5%.



It is worthwhile to notice that Fiumicino and Ciampino are not actually “rural areas” because they are surrounded by small buildings, albeit with a smaller average height and a different building density.



Starting from the temperature data recorded by the climatic control units during the monitoring period, it was possible to determine the monthly Urban Heat Island Intensity (UHII). This index allows us to evaluate the UHI intensity. It was computed during the day and night, as specified in the Methodology section: for the diurnal UHI intensity, the average maximum temperatures measured in Rome and Fiumicino were used for the subtraction between the own values; for the nocturnal UHI intensity, the same operation was performed using the average minimum measured temperatures (Figure 6). The same procedure was performed comparing Rome and Ciampino (Figure 7).



Comparing 2019 and 2020, the results in terms of UHII show significant differences between the night and day. While in 2019 the greatest differences were reached during the night, in 2020 greater diurnal values were identified.



Analyzing the UHIIs obtained by the comparison between Rome and Fiumicino (Figure 6), in 2019 the maximum nocturnal value was equal to 3.77 °C, while the average annual day and night values were equal to 1.45 and 2.21 °C, respectively. In 2020, a different trend can be observed, with maximum differences in diurnal UHII (equal to 4.48 °C in June 2020), an average annual daytime value of 3.04 °C and a nocturnal value of 1.04 °C.



Furthermore, the percentage differences between the average values of UHII calculated in the two-year registration period are equal to 110%, referring to the day, and −52.8%, referring to the night.



Similar trends, even if with different values, were also observed when comparing Rome and Ciampino (Figure 7).



In this case, the maximum UHII was recorded at night, with a value of 2.87 °C (June 2019), while the average annual diurnal and nocturnal values are equal to 1.34 and 1.87 °C, respectively. On the other hand, in 2020, the maximum values of diurnal UHII (equal to 3.83 °C) can be observed during May 2020. The average annual diurnal UHII is equal to 2.79 °C and the average nocturnal value is 0.50 °C. Furthermore, the percentage differences between the average values of UHII calculated in the two-year registration period are equal to 108.4% in the daytime case and −73.4% in the night case.



The evidence of the UHI phenomenon in the city of Rome is due to the presence of neighborhoods characterized by a high building density and tall buildings, which trap radiant heat, thus generating urban canyons.



In addition, it is worthwhile to notice that high pollution levels in the city generate an infrared absorbing layer [35] which prevents thermal radiation from being radiated back from the city. Furthermore, summer air conditioning and therefore the heat generation related to the air-conditioning systems of buildings can further increase urban temperatures [36].




3.2. Effects of Different Climatic Scenarios on BES


The second part of the study investigated the influence of various meteorological data on the annual heating and cooling energy needs of a sample building using the dynamic software TRNSYS. For this purpose, the meteorological parameters acquired by the Rome, Fiumicino and Ciampino stations in 2019 were used. The results were then compared with those obtained by applying the Typical Meteorological Years of the IGDG collection, related to Fiumicino and Ciampino (respectively defined as “TMY Fiumicino” and “TMY Ciampino”) and the climatic data provided by the Italian standard UNI 10349, which was updated in 2016.



By means of a statistical analysis, UNI 10349 provides a typical year composed of data that best represent the typical climatic conditions of a specific location.



The meteorological data acquired by the Rome station in 2019 were used as a reference sample year for the comparison of the results of the energy simulations conducted on the same building model but thermally stressed with the other climatic years. Although the climatic data of both 2019 and 2020 were available, only the climatic data related to 2019 were considered due to the very small differences between the two years. Furthermore, considering as reference 2019 allowed to exclude any effect correlated to the international pandemic of SARS-CoV-2 in terms of heat anthropogenic sources.



Figure 8 shows the comparison of average monthly temperatures between the sample year and the law standard.



It can be observed that the temperature trends of UNI 10349 and the sample year are quite similar from July to December.



The sample year is characterized by slightly higher temperatures except for January, March and April, during which an inversion of the trend of the two curves can be noticed, with negative temperature differences equal to −0.46, −0.65 and −3.13 °C, respectively. Overall, the temperature differences range from −3.13 to 3.60 °C, relating to the months of May and June. Figure 9 shows the wind speed and relative humidity comparison between the sample year and the law standard.



The wind speeds reported in UNI 10349 are standardized based on the “wind zone” that splits Italy into distinct zones with varying wind speed values. With an average wind speed of 6.1 km/h and a predominant south-west wind direction, Rome is classified as a “C” zone. This is greater than the values reported in the sample year, which vary from 1.2 to 3.1 km/h, with an average value equal to 2.4 km/h.



The patterns of the relative humidity values of the Italian standard and the sample year may also be seen in Figure 9. Except for January (+15%), March (+6%) and December (+6%), UNI 10349 exhibits lower values (from 11% to 40%) than the sample year.



Since the weather stations do not measure solar radiation, these data were obtained from the TMYs of the IGDG collection, inside TRNSYS using the “Type 109-TMY2”, specifically considering the TMY of Ciampino and Fiumicino.



In detail, Type 109-TMY2 was used both for the extrapolation of solar radiation values in the energy simulations relating to Rome (Rome 2019), Ciampino (Ciampino 2019) and UNI 10349 and as a complete source of data in the energy model called “TMY Ciampino”.



The same procedure was followed for the simulations related to Fiumicino. The TMY of Fiumicino derived from the IGDG collection was used both for the acquisition of the missing solar radiation data in the simulation model relating to the year 2019 and as a complete climate file for the simulation of the model “TMY Fiumicino”.



During the energy simulation through TRNSYS, the wind speed values corresponding to each dataset were also used to compute the external convective heat transfer coefficients, using the well-known correlation    h c  = 4 · v + 4  , where  v  is the wind speed expressed in m/s [37,38].



Table 3 summarizes the simulation results in terms of heating and cooling annual energy needs, using the six different climate datasets.



Comparing the data shown in Table 3, significant differences can be noted both in winter and summer.



In order to improve the data readability and comparability, the results listed in Table 3 are also reported as a histogram chart in Figure 10.



Using the climatic conditions observed in Rome in 2019, it is possible to notice the lowest values in terms of energy needs for heating, equal to 70.4 kWh/m2, and the highest for cooling, equal to 47.7 kWh/m2, highlighting that the UHI phenomenon in Rome led to overheat when compared to surrounding areas, which is an important aspect in assessing the buildings’ energy demand.



Table 4 shows the percentage differences obtained for heating and cooling energy needs by comparing the simulation results with the climatic data of the sample year (Rome 2019) to those obtained with the other climatic data.



By comparing the results in terms of heating energy demands, it is possible to observe percentage differences ranging from −20.1% (Fiumicino 2019) to −32.5% (TMY Ciampino). On the other hand, analyzing the percentage difference related to the cooling energy needs, a much wider range can be observed, from +48.7% (Ciampino 2019) to +107.0% (TMY Fiumicino).



Starting from this results overview, it is possible to analyze the outcomes listed in Table 4 in two ways.



Considering climatic data related to 2019 and taking as reference Fiumicino, it is worthwhile to observe that climatic conditions outside or inside the city influenced the heating and cooling energy demands, with percentage differences equal to −20.1% and +87.5%, respectively. These differences allow us to understand the crucial role of meteorological data and their effects on predictions. Modeling a building with airport climate data leads, at best, to percentage differences of −24.9% for heating and +48.7% when they are collected from the Ciampino weather station.



Taking into consideration typical meteorological years such as those provided by the UNI 10349 and the IGDG collection, greater differences can be observed. The comparison between 2019 results and the TMYs allowed us to obtain differences ranging between −23.3% and −32.5% for the heating energy demand. This comparison related to the cooling energy need allowed us to achieve percentage differences ranging from +53.3% to +107.0%. This comparison highlights the issue of using specific climate data. The problem is, however, related to the aim of simulations; if it wants to be predictive or if it must be a simulation of a calibrated model for an energy retrofit.



Similarly, the comparison between the results obtained using the sample year (Rome 2019) and UNI 10349 shows similar percentage variations, with values equal to −23.3% for heating and 53.3% for cooling.



Finally, analyzing the results listed in Table 4, it is also possible to observe the percentage deviations obtained by comparing the model where the sample year was applied and those performed by the TMYs related to Fiumicino and Ciampino, which are overall higher than the others.



Therefore, the comparison of the achieved simulation results shows very different percentage variations. These are mainly due to the differences in air temperature between the different sites, characterized by different urban textures and green areas, as well as the proximity to the sea. All of this can be attributed to the year-round presence of a strong UHI phenomena in Rome. In conclusion, this analysis revealed the crucial role of climatic data needed to properly reproduce buildings’ heating and cooling.





4. Conclusions


This work aimed at quantifying the UHI phenomenon of the city of Rome through the analysis, processing and comparison of temperatures, relative humidity and wind speeds collected for two years (2019–2020) by the Ciampino and Fiumicino airport stations and from the weather station located in a central neighborhood of Rome, typical of the urban fabric that characterizes the heart of the city.



The study revealed not-negligible differences between the various climatic parameters in the three locations.



Comparing the average monthly air temperatures, the lowest values were observed for Fiumicino, and progressively higher temperatures were registered in Ciampino and finally in Rome. The highest temperatures recorded in Rome confirm the occurrence of the UHI phenomenon in the city. In the summer, the greatest differences in monthly average temperatures were recorded between the stations of Rome and Fiumicino, with values equal to 2.68 °C in June 2019 and 2.05 °C in June 2020. In the case of the stations of Rome and Ciampino, the greatest temperature differences were recorded in February 2019 (1.81 °C) and February 2020 (1.63 °C). Additionally, from the analysis of the data relating to wind speed (Figure 3), significant differences emerged based on the different positions in which the stations were located, especially those of Fiumicino and Ciampino airports compared to that of Rome. Fiumicino had the highest average values compared to Ciampino and Rome, registering an average value of 12.6 km/h in the two-year registration period. On the contrary, Rome station recorded the lowest value, with an average of 2.44 km/h. These differences highlighted the influence of the building texture, able to reduce wind flows.



The results reveal significant values of the monthly UHII assumed during the day and night. However, the trends recorded in 2019 differ from those of 2020: while in 2019 the greatest differences were reached during the night, in 2020 there were greater diurnal values. If the climatic conditions are compared to Fiumicino, maximum diurnal and nocturnal UHIIs equal to 4.5 °C and 3.8 °C can be observed. When this comparison is performed taking into consideration Ciampino, the diurnal and nocturnal UHIIs become equal to 3.8 °C and 2.9 °C, respectively.



Based on the obtained results, in order to countermeasure UHI, it is necessary to consider more suitable cooling strategies in the city. In this regard, the expansion of green areas and the installation of passive building solutions [39,40,41,42] such as green roofs [43] could positively affect urban areas due to their microclimatic action and evaporative cooling. On the other hand, in historical cities (such as Rome), these aspects need to be considered together with architectural constraints.



The effects that variations in climatic conditions could have on buildings’ energy needs were evaluated through TRNSYS. Heating results highlight percentage differences ranging from −20.1% to −24.9% when the reference stations are Fiumicino and Ciampino, respectively. The percentage difference related to the cooling energy needs shows a wider range, from +48.7% to +87.5% when the reference stations are Ciampino and Fiumicino, respectively.



As already mentioned, these results highlight the issue of using specific climate data. Nevertheless, the problem is related to the aim of simulations. Energy models can be predictive during the design phase or they can be used for energy retrofit, but in this case calibrated models are needed.



Therefore, utilizing meteorological data from airports or peripheral regions (outside the urban fabric) for building energy modeling is not recommended, as it may result in incorrect estimations of building energy demand, particularly when considering constructions in a high-building-density neighborhood.



Consequently, there is the need to increase the number of weather stations within densely built cities, thus providing more localized climatic data, making them available in a simple and immediate manner.



Indeed, such data could be used for the generation of new TMYs based on recent climatic parameters or for multi-year analyses, ensuring better predictive accuracy of building simulation models.



Finally, reliable weather data would also improve the assessment of internal comfort, avoiding the undersizing/oversizing of air-conditioning systems and carrying out more rational assessments of energy retrofit strategies in existing buildings.



From this point of view, future developments will regard a more detailed analysis of the UHI in Rome using many more weather stations and providing assessments also related to the balancing effect due to the reduction in terms of heating energy needs and the growing demand for cooling. It is worthwhile to investigate how this balancing effect affect users’ costs for heating and cooling, in order to better understand the existing correlation between economic savings for heating and additional costs for cooling.



Finally, it would be interesting to replicate this study on buildings characterized by different construction methods, typical of other countries, or on buildings made with higher-performance materials, capable of offering greater thermal inertia and thermal insulation, evaluating whether this can modify the differences in terms of estimation of the energy needs related to the use of different climate files.
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Figure 1. Locations of the weather stations. 
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Figure 2. Simplified illustration of the simulated building. 
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Figure 3. Monthly temperature values monitored in Rome, Fiumicino and Ciampino. 
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Figure 4. Monthly wind velocity values recorded in Rome, Fiumicino and Ciampino. 
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Figure 5. Monthly relative humidity values recorded in Rome, Fiumicino and Ciampino. 
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Figure 6. UHII comparison of Rome and Fiumicino during the day and night. 
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Figure 7. UHII comparison of Rome and Ciampino during the day and night. 
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Figure 8. Sample year and UNI10349 temperature comparison. 
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Figure 9. Sample year and UNI 10349 wind speed and relative humidity comparison. 
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Figure 10. Heating and cooling annual energy needs under different climatic conditions. 
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Table 1. Description of the stations used.
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	Stations
	Acronym
	m.a.s.l.
	Coordinates





	Fiumicino
	FCO
	3 m
	41°47′53.66″ N, 12°14′22.36″ E



	Ciampino
	CIA
	129 m
	41°48′29.49″ N, 12°35′5.82″ E



	Rome
	RM
	51 m
	42°20′22.402″ N, 12°24′35.438″ E
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Table 2. Wall stratigraphy used in simulations.






Table 2. Wall stratigraphy used in simulations.





	Layer
	Thickness

(m)
	Thermal

Conductivity

(W/mK)
	Specific Heat

Capacity

(J/kgK)
	Mass Density

(kg/m3)





	Plaster
	0.02
	0.700
	1000
	1400



	Solid bricks
	0.58
	0.770
	840
	1600



	Plaster
	0.02
	0.700
	1000
	1400
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Table 3. Sample building energy demands.
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	Climatic Data
	Heating (kWh/m2)
	Cooling (kWh/m2)





	Rome 2019
	70.4
	47.7



	Fiumicino 2019
	88.1
	25.4



	Ciampino 2019
	93.8
	32.1



	UNI 10349
	91.8
	31.1



	TMY Fiumicino
	93.9
	23.0



	TMY Ciampino
	104.4
	24.6
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Table 4. Percentage differences in energy demands.






Table 4. Percentage differences in energy demands.





	
Climatic Data

	
Percentage Difference (%)




	
Heating

	
Cooling






	
Rome 2019 vs. Fiumicino 2019

	
−20.1

	
+87.5




	
Rome 2019 vs. Ciampino 2019

	
−24.9

	
+48.7




	
Rome 2019 vs. UNI 10349

	
−23.3

	
+53.3




	
Rome 2019 vs. TMY Fiumicino

	
−25.0

	
+107.0




	
Rome 2019 vs. TMY Ciampino

	
−32.5

	
+94.0
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