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ASSESSMENT OF GREEN ENERGY EFFICIENCY OF RURAL TOURISM FACILITIES
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Abstract: The energy efficiency of buildings is a crucial factor in reducing global energy consumption and CO2 emissions, thereby contributing to the fight against global warming. This paper analyzes 14 rural tourism properties, examining the impact of various input parameters and building characteristics on output parameters such as annual heating demand, specific delivered energy, and annual CO2 emissions. The results demonstrate a significant impact of building size, heating volume, and the number of heating degree days on energy efficiency, highlighting the importance of carefully selecting materials and energy sources for sustainable construction.
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1. INTRODUCTION
Buildings are responsible for an astonishing 40% of global energy consumption [1-3] and approximately 33% of total CO2 emissions [2], leading to economic losses, resource depletion, environmental issues, and significant greenhouse gas emissions contributing to global warming [1].
The environmental impacts of energy processes are critical and are among the main drivers of the energy transition [4]. Due to various parameters describing a building, energy consumption data often need to be revised, deviated, and vary, affecting the accuracy of energy consumption predictions and energy savings estimates [5]. Given the many variables involved, understanding the relationship between building characteristics and potential energy efficiency improvements is challenging [2].  Various research efforts have been conducted to advance this sector to discover new technological solutions and processes for optimizing energy consumption, including those based on artificial intelligence [4,5].
Energy efficiency is gaining increasing attention from governments and international institutions, underscoring its importance as one of the key policy actions for mitigating global warming and reducing the use of fossil fuels [1]. The European Union's directive, the 'EU Green Homes Directive,' approved in March 2024, is a clear example of the commitment to this cause, aiming for zero emissions in new residential buildings by 2030 and climate neutrality for all buildings by 2050 [2].
Building energy efficiency assessments can be conducted using various methods. These include physical methods (creating models), statistical methods (regression analysis—examining the relationship between one dependent variable and one or more independent variables), data mining techniques (analyzing large data sets to identify patterns for predicting building energy consumption), machine learning models, and many others [5].
According to research [6], certain 3D models exhibit deviations of 7.22% when estimating energy consumption. Other regression models provide a reference framework for evaluating energy consumption and comparing buildings with similar characteristics to assess potential energy consumption and savings [5].
A well-designed apartment, where various factors such as layout, natural lighting, and building orientation are considered, can significantly reduce energy consumption by 19-34% compared to initial alternatives [6]. Besides interior design, there are claims that the impact of surrounding buildings and the local urban climate significantly defines a building's thermal performance [4].
Certain studies have focused on analyzing the efficiency of external envelope insulation using various thermal insulation materials to assess primary energy consumption and CO2 emissions. Studies show that eco-friendly materials such as cellulose fibers or cork boards provide the best performance, while polystyrene foam and extruded insulation provide the worst performance [6].
This paper addresses building energy efficiency and the parameters that influence it. Based on basic data, the study aims to determine the average annual heating demand, specific annual delivered energy, and average annual CO2 emissions for rural tourism properties and analyze the impact of various factors on these values. The analysis conducted for this study was based on a database created from energy efficiency reports.
2. METHODOLOGY
The study focuses on rural tourism properties, for which an Energy Efficiency Report served as the basis for creating a database of 14 properties. Technical documentation provided data systematically organized in Table 1. These data encompass fundamental property characteristics such as gross floor area, number of floors, type of construction system, foundation type, ceiling type, facade materialization, and facade type. The gross floor areas of the properties range from 85.02 m2 to 1,430.76 m2.

Table. 1: Description of facilities 
	No.
	GROSS P
	Storey
	Type of construction
	foundations
	floor construction
	wall
	facade type

	1.
	85.02
	P+Pk
	prefabricated
	Strip+flat plate
	wooden
	prefabricated
	

	2.
	116.48
	P+Po
	massive
	strip
	wooden
	Timber
	Timber

	3.
	136.08
	P+Pk
	massive
	strip
	ribbed slab
	Thermo brick
	Demit 

	4.
	167.00
	Pr
	massive
	strip
	wooden
	hollow brick
	Demit 

	5.
	207.18
	P+Pk
	combined
	flat plate
	ribbed slab
	hollow brick
	Demit

	6.
	222.40
	P+Pk
	massive
	strip
	ribbed slab
	Thermo brick
	Demit

	7.
	224.09
	Su+P
	skeletal
	strip
	ribbed slab
	Ytong brick
	sandwich panel

	8.
	268.83
	P+Pk
	skeletal
	strip
	wooden
	Timber
	Timber

	9.
	314.56
	Po+P+1
	massive
	strip
	ribbed slab
	Ytong brick
	Demit

	10.
	347.00
	Pr
	massive
	strip
	ribbed slab
	Thermo brick
	Demit

	11.
	469.65
	Po+Pr+1+Pk1+Pk2
	massive
	strip
	ribbed slab
	hollow brick
	sandwich panel

	12.
	480.85
	Po+Su+Pr+1+Pk
	combined
	strip
	ribbed slab
	hollow brick
	Demit

	13.
	563.00
	P+1
	massive
	strip
	RC
	Thermo brick
	Demit

	14.
	1,430.76
	Su+P+2+Pk
	skeletal
	flat plate
	RC
	Thermo brick
	Demit



The properties belong to various construction systems, such as solid, skeletal, combined, and prefabricated. In addition to masonry and reinforced concrete structures, certain properties feature wooden constructions, specifically those numbered 1, 2, and 8. Foundation types are predominantly strip foundations, while ceilings are either monolithic, semi-prefabricated, or wooden. As for walls, they are constructed from various types of blocks or wood.
Input and output data were extracted from the Energy Efficiency Report for each building and are presented in Table 2. The analysis aims to provide an approximate estimation of output data based on input parameters. Using parameters such as gross floor area, external surface area of the building envelope (A), and gross heating volume (Ve), average values were estimated for:
· Annual heating demand , 
· Specific annual delivered energy , 
· Annual CO2 emissions .

Table. 2: Input and output parameters of objects
	No.
	INPUT
	OUTPUT

	
	

	
	
	

	

	


	1.
	85.02
	202.80
	148.02
	2,678.17
	217.45
	6,896.45

	2.
	116.48
	221.32
	236.07
	4,138.35
	286.30
	9,774.59

	3.
	136.08
	273.70
	641.29
	5,678.09
	21.66
	893.05

	4.
	167.00
	449.74
	467.6
	4,643.07
	5.39
	0.00

	5.
	207.18
	408.98
	520.41
	7,988.31
	33.43
	2,051.36

	6.
	222.40
	423.48
	595.08
	12,638.75
	22.60
	619.81

	7.
	224.09
	596.75
	640.00
	9,328.51
	107.10
	4,228.83

	8.
	268.83
	186.65
	205.15
	3,228.65
	37.98
	731.00

	9.
	314.56
	496.64
	478.12
	8,801.07
	32.16
	1,179.62

	10.
	347.00
	371.52
	361.19
	6,680.65
	72.11
	3,380.35

	11.
	469.65
	729.78
	1504.08
	35,532.74
	443.81
	96,985.47

	12.
	480.85
	561.62
	1099.47
	25,948.49
	531.80
	81,862.20

	13.
	563.00
	273.86
	243.27
	4,447.36
	1,126.44
	41,791.11

	14.
	1,430.76
	2,067.04
	4309.06
	47,474.89
	128.29
	56,194.35



Tabele. 3: Input and output parameters of objects expressed in 
	No.
	INPUT
	OUTPUT

	
	

	
	
	

	

	


	1.
	85.02
	2.39
	1.74
	31.50
	217.45
	81.12

	2.
	116.48
	1.9
	2.03
	35.50
	286.30
	83.92

	3.
	136.08
	2.01
	4.71
	41.73
	21.66
	6.56

	4.
	167.00
	2.69
	2.8
	27.8
	5.39
	0.00

	5.
	207.18
	1.97
	2.51
	38.56
	33.43
	9.90

	6.
	222.40
	1.9
	2.68
	56.80
	22.60
	2.79

	7.
	224.09
	2.66
	2.86
	41.63
	107.10
	17.87

	8.
	268.83
	0.69
	0.76
	12
	37.98
	2.72

	9.
	314.56
	1.58
	1.52
	27.98
	32.16
	3.75

	10.
	347.00
	1.07
	1.04
	19.25
	72.11
	9.74

	11.
	469.65
	1.55
	3.2
	75.66
	443.81
	206.51

	12.
	480.85
	1.17
	2.29
	53.96
	531.80
	170.24

	13.
	563.00
	0.49
	0.43
	7.9
	1,126.44
	74.23

	14.
	1,430.76
	1.44
	3.01
	33.2
	128.29
	39.28

	Average:
	1.68
	2.26
	35.96
	161.22
	54.59


3. RESULTS AND DISCUSSION
The available database lacks the ability to compare data solely by one criterion to determine the decisive factors influencing the energy efficiency of buildings. Therefore, a mutual comparison of data was conducted to estimate output values. All absolute values of output and input parameters were compared. To make the values more comparable, parameters were normalized to square meters (Table 3), thereby eliminating the influence of building size on other parameters. Correlation coefficients were calculated to understand the compared values better, providing insight into the strength and direction of the linear relationship between two variables. Dependencies and correlations are presented in Table 4, where values closer to one indicate a stronger correlation.

Table 4: Correlation coefficients between input and output parameters
	INPUT
	OUTPUT

	
	

	

	

	

	


	
	0.82
	0.23
	0.55
	-0.02
	0.14

	
	0.87
	-0.075
	0.46
	0.19
	0.09

	
	0.91
	-0.038
	0.53
	0.25
	0.16


[bookmark: _Toc169618642]3.1. RELATIONSHIPS BETWEEN ANNUAL HEATING DEMAND AND INPUT PARAMETERS
The annual heating demand for the observed 14 buildings ranges from 2,678.17 to 47,474.89 kWh, with an average value of 12,799.79 kWh, or 35.96 kWh/m2.
The analysis shows that as input parameters such as building size, heating volume, and thermal envelope surface area increase, the annual heating demand also increases. However, the dependence between input parameters and annual heating demand per square meter is significantly weaker, as shown in Table 4. This suggests that larger buildings consume more energy in absolute terms but not necessarily more per square meter.
Considering the input parameters and their trends, it can be concluded that gross heating volume (Ve) has the greatest impact on .
For further analysis, buildings were categorized based on factors such as wall materialization, type of thermal insulation, and heat transfer coefficient for facade walls, observing the trend in  values. Analysis of these groups led to certain conclusions. Using wooden building materials, climate blocks, and natural thermal insulation materials such as mineral wool, XPS, and EPS positively affected , while building with hollow blocks, hollow bricks, and synthetic insulation materials like polyurethane boards hurt this value. Additionally, increasing the insulation thickness and reducing the facade wall's heat transfer coefficient (values in the database range from 0.17 to 0.19  0.17 to 0.19 ()) does not necessarily lead to a decrease in annual heating demand.
One of the key parameters for calculating is the heating degree days (HDD). Higher values of this parameter correlate with higher heating demand.
Object 13, as shown in Table 11, stands out with its unique features. It has the lowest gross heating volume value of 0.43, primarily due to an open pool within the rooftop terrace, which occupies nearly half of the second floor. Additionally, it has the lowest heating degree days value among others, at 2,604.00. These unique features and a high form factor value contribute to an exceptionally low annual heating demand.
[bookmark: _Toc169618643]On the other hand, Objects 11 and 12 present a stark contrast with the highest number of heating degree days, 5,349.00, and low form factor values. This combination results in significantly higher  values.
3.2. RELATIONSHIPS BETWEEN SPECIFIC ANNUAL DELIVERED ENERGY AND INPUT PARAMETERS
Specific annual delivered energy for the observed 14 buildings ranges from 5.39 to 1,126.44 kWh/m2, with an average value of 219.04 kWh/m2. Excluding extreme values, the average of this parameter would be 161.22 kWh/m2. No significant relationship between input and output parameters was observed through correlation coefficient analysis. On the contrary, the results even indicate a negative correlation between gross heating volume and thermal envelope surface area with specific annual delivered energy. Eliminating extreme values from the output parameters would bring correlation coefficients closer to zero, indicating a weak or negligible linear relationship between these values.
Comparing buildings based on categories mentioned in the previous paragraph did not provide significant insights. However, it was noted that the type of energy source applied has the greatest impact on . The use of wood biomass has a positive effect, while the use of electric energy has a negative impact.
Object number 13 stands out again for its extreme output parameter value compared to all objects in the database, this time with the highest value of . This is due to the presence of a pool. Heating water in the pool contributes to increasing the values of annual heat losses from the domestic hot water preparation system (. These losses represent one of the parameters influencing the total annual delivered energy.
[bookmark: _Toc169618644]3.3.DEPENDENCIES BETWEEN ANNUAL CARBON DIOXIDE EMISSIONS AND INPUT PARAMETERS
The annual carbon dioxide emissions for the 13 buildings observed in our comprehensive study range from 619.97 to 96,985.47 kg, with emissions data for Object 4 not available. The values expressed   range from 2.72 to 206.51 , with an average value of 54.59 .
Based on the results obtained, it is concluded that there is no linear correlation between input and output parameters. However, analysis of output parameters reveals a certain linear relationship, especially concerning annual CO2 emissions and other parameters.
Similar to previous findings, database results indicate a correlation between annual CO2 emissions and the type of energy source used. The use of electric energy significantly increases CO2 emissions, whereas the use of wood biomass contributes to their reduction. This is due to lower values of the "Specific CO2 emissions coefficient for various types of energy sources" when using wood biomass compared to electric energy.
Biomass is a carbon-neutral fuel because it is part of a closed carbon cycle. Carbon absorbed by plants from the atmosphere during growth is returned to the atmosphere as CO2 when biomass is burned, and then plants reuse it for growth, continuing the cycle. On the other hand, the impact of electric energy on CO2 emissions depends on its production method. Burning fossil fuels produces high CO2 emissions, whereas power plants using renewable energy sources (wind, solar energy, hydroelectricity) have very low or almost zero CO2 emissions. Considering Serbia's position in this domain, a significant portion of electric energy comes from burning fossil fuels, contributing to increased CO2 emissions.
According to Table 3, Objects 1, 2, 11, 12, 13, and 14 show significantly higher carbon dioxide emissions than other objects, which is associated with using electric energy as a fuel source.
5. CONCLUSION
This study explores the determinants of energy efficiency in rural tourism buildings. A database was created for this study based on energy efficiency reports. The focus is on identifying key factors influencing efficiency and predicting improvements based on building characteristics. Due to the numerous and diverse parameters describing each building, energy consumption data often exhibit non-linearities, deviations, and variations, affecting the accuracy of energy consumption predictions and savings estimates.
The analysis revealed that the size of the building and its heating volume significantly impact the absolute values of annual heating energy demand, but not necessarily energy consumption per square meter. Among these, the strongest correlation was observed between annual heating energy demand per square meter and the building's heating volume. The  values range from 7.9 to 75.66 , averaging 35.96 . Wall materialization type and applied thermal insulation also play important roles in building energy efficiency, though not decisively. On the other hand, higher heating degree days (HDD) values significantly increase the annual heating energy demand.
The type of energy source used has the greatest influence on specific annual delivered energy and CO2 emissions. Specific annual delivered energy ranges from 5.39 to 1,126.44 , averaging 161.22 , while the average CO2 emissions amount to 54.59 .  Besides their favourable impact on energy consumption, use wood biomass positively reduces CO2 emissions, contributing to environmental preservation.
These findings underscore the importance of carefully selecting construction materials and energy sources in the design and renovation of buildings to achieve higher energy efficiency and reduce harmful gas emissions. Considering the ecological and economic benefits, further adoption of eco-friendly materials and renewable energy sources is recommended to promote sustainable construction practices.
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