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Abstract

:

The majority of energy consumption is attributed to buildings. Buildings designed with environmentally sustainable features have the potential to reduce energy consumption. The demolition of ecologically detrimental structures incurs expenses and damages the natural environment. The act of constructing models for the purpose of destruction was deemed superfluous. The replication of the structural model was accompanied by a modification of the design, and a variety of tactics were employed. The proposed upgrades for the building include the installation of new windows, incorporation of greenery on the walls and roof, implementation of insulation, and integration of solar panels in a four-story residential building in Najran, Saudi Arabia. Simultaneously installing insulation prior to changing windows will ensure that the energy consumption of the building, green wall, or green roof will remain unaffected. The installation of solar panels on the walls and top roof of a structure has the potential to generate a monthly electricity output up to two times greater than the structure’s consumption. The spas can be heated on a daily basis by substituting the heating system with solar collectors. The implementation of sustainable building practices has resulted in a significant reduction in energy consumption. Specifically, electricity, gas, heating, and cooling consumption decreased by 11%, 85%, 28%, and 83%, respectively.
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1. Introduction


The utilization of fossil fuels has presented significant challenges on a global scale, with particular implications for the Middle East region [1,2]. These challenges encompass a range of factors, including environmental, economic, and political concerns [3]. Buildings are responsible for 60% of the world’s total energy consumption and make a significant contribution to the production and expansion of greenhouse gases [4,5]. The exploration of energy resources and renewable energy sources has been subject to re-evaluation, presenting three prominent avenues for consideration. Another example is the optimization of consumption through a reduction in demand. The act of maximizing consumption has the potential to decrease the demand for resources derived from fossil fuels, thereby preserving these resources. Additionally, it serves as a foundation for the utilization of alternative resources [6,7]. Energy consumption, air pollution, and greenhouse gas emissions will be greatly influenced by urban development [8,9]. A reduction in energy consumption in the construction and housing sectors would yield environmental benefits by decreasing overall energy consumption.



The implementation of energy conservation measures and the reduction in fossil fuel usage are expected to yield positive outcomes for both the economy and environment [10]. In the subsequent paragraphs, we shall examine the potential of sustainable and green architecture to mitigate building energy consumption through environmentally conscious means. Contemporary designers and architects are increasingly embracing the principles of green architecture, alternatively referred to as sustainable architecture. Sustainable architecture is characterized by its environmentally friendly attributes [11,12]. The majority of global energy consumption is attributed to residential heating and cooling systems. Consequently, there has been a significant surge in the adoption of sustainable energy sources, specifically within the context of residential buildings, with the aim of mitigating overall energy consumption in these structures. Large green roof systems are highly effective at conserving energy. This intervention has been found to enhance both individual health outcomes, the aesthetic appeal of residential spaces, and the overall ecological footprint [13].



Green buildings have been shown to have a positive impact on the health, well-being, and productivity of their occupants. Previous studies have extensively explored this subject matter from multiple perspectives and employed diverse research approaches [14,15]. The analysis focused solely on the cooling load associated with the green wall and apertures in seven hypothetical building alternatives. The heat and cold load of a building were investigated through the examination of vegetation as a passive system [16,17]. Mirlohi et al. [18] presents a strategy for achieving net-zero energy in buildings (NZEB) in a hot and dry climate, specifically in the region of Yazd, Iran. The study includes a comparative analysis between a net-zero-energy building and a conventional house. The implementation of various measures such as advancements in wall insulation, the use of efficient heating and cooling equipment, the adoption of solar energy, and the utilization of energy storage devices can effectively address the issue of balancing energy supply and demand.



A collaborative effort has been undertaken by a multitude of architects, engineers, and construction firms to ensure the provision of electrical power to the structure through the utilization of alternative energy sources [19]. For instance, enterprises seeking the most suitable solar collector variant to align a structure with NZEB standards, as well as those considering diverse scenarios encompassing distinct physical attributes and thermal capabilities, have identified the optimal model that offers a favorable return on investment. Consequently, investments in the emerging energy sector have become justifiable [20,21,22].



The attainment of NZEB is an imminent and imperative strategy in the foreseeable future, owing to the constraints associated with fossil fuel-based energy sources. The implementation of new environmentally friendly buildings is one of the proposed solutions. Nevertheless, engineers encounter a significant obstacle in the form of transforming pre-existing structures into environmentally sustainable buildings. The implementation of green buildings involves significant financial implications, primarily due to the substantial costs associated with demolishing existing structures and constructing new ones. Additionally, the process of demolishing current buildings carries numerous environmental ramifications. Hence, the conversion of existing buildings into structures with zero energy consumption, while preserving the integrity of the original edifice, may present a viable solution. Hence, this study aims to examine the potential transformation of a four-story residential building situated in Najran, Saudi Arabia, by evaluating four novel strategies within various scenarios. The proposed strategies encompass the replacement of the building’s windows and doors, the implementation of wall insulation, the incorporation of green walls and roofs, the utilization of solar panels for electricity generation, and the substitution of the building’s heating and cooling system with a contemporary alternative. The strategies employed in the study area were deemed suitable given the prevailing environmental conditions, available resources, and economical considerations. The simulation process has involved the utilization of DesignBuilder and Energy Plus tools.




2. Case Study


The subject of investigation is a residential building located in Najran, Saudi Arabia, comprising four stories. Figure 1 depicts the spatial arrangement of the building under investigation in a sequential manner. The orientation of the building’s facade is toward the southern direction, while the northern side of the building diverges 10 degrees westward from the true north per geographical coordinates. The structure is situated in a geographical position characterized by a latitude of 17.52 degrees and a longitude of 44.49 degrees.



The power of individual devices can be determined by referencing the catalog or energy label associated with the building devices. Additionally, the power consumption pattern of the electrical load can be computed by considering the power value of each device and the duration of consumption. The exterior walls of this structure comprise 22 cm thick bricks, whereas the majority of the interior walls comprise 11 cm thick bricks. The inner surface of the walls is covered with plaster or tiles, while the north and south faces are covered with white granite.




3. Materials and Methods


For simulating the building structure, material, and energy consumption, DesignBuilder and Energy Plus tools were utilized. DesignBuilder is an environment for graphical modeling in addition to functioning as a computing engine, comparable to Energy Plus [23]. One of the advantages of utilizing this program is that it does not require the user to exit the software environment to perform simultaneous computations and sketching operations. DesignBuilder is one of the most reliable and up-to-date tools available anywhere in the world for modeling the impact that a building will have on its surrounding environment in terms of its energy consumption [24]. DesignBuilder can simulate the structure from a variety of viewpoints, such as building physics and architecture, as well as predict the amount of daylight entering the building, simulate flow using computational fluid dynamics, and predict cooling, heating, and lighting systems.



To make the building more environmentally friendly, potential solutions should be offered in the form of strategies. First, potential solutions to reducing the heat and cold load on the structure by, among other things, modifying the building’s walls and windows were analyzed [25]. As a building’s cold and heat loads decrease, the overall energy consumption also decrease. Subsequently, solar energy was replaced with energy derived from fossil fuels. Each stage is broken down into multiple strategies and potential outcomes from which the optimal choice is selected. Finally, the structure possessing the most desirable alternatives was modified, and the degree to which it adhered to environmentally friendly building practices was evaluated. The strategy information is listed in Table 1.



The selection of solutions to convert the building into a zero-energy building is contingent upon various criteria. Several factors can be considered in relation to the suitability of the building in Najran’s environment and weather conditions, the accessibility of equipment and materials for construction purposes, the potential for future development and expansion, such as the incorporation of solar panels, and the economic feasibility of the project. The four strategies employed in this study are described in detail below.



3.1. Strategy 1


The frame of the building’s major windows is iron and the reflex glass is single-paned. One of the practices that indicate an increase in thermal load capital and capital in such windows is changing the window frame to UPVC [26,27]. The following changes were made: (1) replacing the iron used to form the frame of the building with UPVC, (2) updating all of the building’s windows to those with UPVC frames, double panes, and no reflexes, and (3) adding new doors. All of the building’s glass can be converted into double-glazed glass without a reflex on the south front and double-glazed glass with a reflex on the north front, while all of the building’s windows can be converted into to triple-glazed glass without reflection automatic inside curtains can be utilized and fixed window awnings can be utilized for the main structure (Figure 2).




3.2. Strategy 2


This method can be implemented by providing green cover to the building. This is carried out for two reasons: first, to lower the cold and heat load of the structure, and second, to approach the sustainability standards from this perspective owing to the environmental effects of this cover [28].



Green cover refers to the use of plants as a cover on the outside of a structure [29]. This approach is broken down into three scenarios: first, all of the building walls are assumed to be covered with a 22 cm layer of green wall; in another scenario, a 22 cm layer of green roof is placed on the roof; and in yet another scenario, both the roof and the walls are green.




3.3. Strategy 3


The goal of this method is to use solar energy to power buildings. Building electrical fuels, as previously discussed, are used for lighting, office equipment, cooling, and ventilation, as well as gas for heating, hot water supply, and cooking. This technique investigates the ability of a building to generate electrical energy. Solar panels generate power, whereas solar water heaters generate hot water [30,31].



First, the external sections of the building that have the potential to install solar panels are covered with these panels using this technique. Because the water cooler is located at the back of this building, not all of the backup area can be used to install solar panels; therefore, we tried to use the most available space to install solar panels [32]. It is well-known that proper orientation, installation, construction, and design allow for the optimal efficiency of solar collectors (heat panels and panels). However, the effectiveness of a solar collector is determined by its direction (relative to the equator) and inclination angle with respect to the sun. Because it affects both parameters of solar radiation that reach the collector’s surface, the horizon level is measured with regard to the Earth [33].



The ideal direction towards the south for Najran is calculated to be 57.5° in cold seasons and 35.1° in hot seasons relative to the horizon [34]. The angles of the panels should be altered every month to achieve better outcomes. However, the presence of bases to adjust the proper inclination takes up a lot of space. Therefore, we investigated a mode (PV-R1) where the angle of the panels was zero degrees; however, because the bases available on the market were 45°, this mode was also in use. The location of the panel installation on the roof (PV-R2) is shown in Figure 3.



Solar panels were mounted on the external walls to determine the maximum power generation capacity owing to the placement of panels in the building, and the quantity of production from each was estimated independently [35,36]. Figure 4 shows the placement of panels on the wall.




3.4. Strategy 4


This strategy investigates the ability of a building to reduce gas usage. To generate hot water, a solar water heater is employed, and upgrading the heating system can lower the need for gas. Two scenarios were examined for this purpose; the new fan coil scenario uses a fan coil instead of a heater, and the new radiator scenario uses a heated radiator instead of a heater. In all instances, the spa is provided by a solar water heater with a surplus provided by the reservation water heater.





4. Results


In this section, each strategy is introduced in the form of different scenarios under the model, and the best scenario of each strategy is introduced and finally executed in a final model.



4.1. Strategy 1


As described in previous section, the implementation of the modification of the glass and frame of windows is the first strategy. The glass and window frames are assumed to change in this scenario. These modifications are implemented in accordance with Table 2.



To begin, to make an accurate assessment of the effects of the alterations, we determined the quantity of solar heat that comes in via the windows. When it comes to warming the air inside a building, it is best to absorb less solar heat during the first half of the year. This is because the sun’s rays are more intense during this time. It is expected that both the quantity of heat that glass loses and the amount of heat that it puts off will decrease over the second half of the year. Figure 5a illustrates the numerical results of heat generated by external windows throughout the course of the year at various temperatures for each of the three possible outcomes detailed in Table 2. Automatic radiation also shields the body from excessive radiation. Even when the wood window frame was replaced with UPVC, no discernible difference was observed in the total amount of heat produced.



Figure 5b depicts the amount of heat lost from the glass throughout the second half of the year, broken down monthly. It is important to note that the negative sign represents a loss of heat, and that winter is associated with the months of January, February, and March, while fall is associated with the months of October, November, and December. Triple glazing is the optimal choice because it has a lower heat transfer coefficient than that of the other two potential solutions. Therefore, triple glazing was the best-case scenario.




4.2. Strategy 2


Strategy 2 involves using plants to reduce the amount of heating and cooling of the building. The purpose of this strategy was to reduce the heat and cold loads of the building and the use of plants in the building. The different scenarios for this strategy are listed in Table 3.



The top-most layer of the external wall was set aside for the installation of a living wall or green roof. It is important to note that the calculations that are performed in the DesignBuilder program are performed with the premise that the volume of the structure is fixed, that this vegetation is actually the last layer of the external wall, and that the volume of the building’s inner space is lowered. In addition, it is important to note that the calculations performed in the DesignBuilder program are performed with the premise that the volume of the structure is fixed. It is also essential to keep in mind that the Design Builder program performs its calculations on the presumption that the volume of construction will remain unchanged. The volume of the building in the green wall star scenario is less than 1.8% of the actual volume of the building, the volume of the building in the green roof scenario is less than 0.7% of the actual volume of the building, and the volume of the building in the green wall roof scenario is less than 2.5% of the actual volume of the building. After a new material is developed it will also be required to bring in the green roof component. The default values of the software were used for the other characteristics of the vegetation; the height of the vegetation was set to 22 cm, and its leaf area index (LAI) was modified to 1.7. The default values of the software were used for other vegetation parameters. The outcomes of putting the model through its pace by simulating a number of distinct circumstances in various combinations could then be analyzed. It was is feasible to keep track of the quantity of heat released from the structure throughout each of the 12 months of the year, as shown in Figure 6a. The existence of a negative signal lends credence to the hypothesis that heat is lost from the interior of a building to the surrounding environment. The amount of heat brought into the space via the walls should be kept at a minimum. With the green wall and green wall roof, as one may have guessed, this is the case.



The amount of heat carried from the back is depicted in Figure 6b, which displays yet another component of the vehicle that may be evaluated. This aspect is related to the vehicles. As anticipated, the amount of heat transferred from the backlight was drastically reduced in the two scenarios involving green roofs and green wall roofs. However, in the case of the green wall, this quantity is extremely low, and during some months, it may even have a detrimental impact.




4.3. Strategy 3


The purpose of the third strategy is to compare the amount of monthly electricity generated according to the location of the panels and to calculate the maximum electricity generated by the building. Table 4 details the different scenarios of this strategy.



Upon rendering the solar panels on the edifice and implementing the aforementioned scenarios, the monthly electrical output generated from each scenario is depicted in Figure 7. To facilitate a more accurate comparison, the figure also displays the monthly electricity consumption. It is evident that during the months of March, April, May, June, July, and August, the SC11 and SC13 scenarios have the capability to not only provide electricity to the building, but also to export surplus electricity to the grid. Networking is a prerequisite for the SC13 scenario during the months of September and February.




4.4. Strategy 4


The goal of this strategy is to use solar energy to generate heating energy and hot water in a building. The remaining gas consumption in a building is related to cooking, for which solar ovens can be used, or for which converting the gas-burning appliances in this section into energy can be carried out, and they can acquire the energy they require from the generated electricity.



For this purpose, it was assumed that the environment of each unit was heated using hot water supplied by solar hot water collectors. The required area of the collectors for the system to be without a water heater was 39 m2. This heating system was changed in two separate scenarios. First, in the new fan coil scenario, it is assumed that a fan coil is used in each unit [37], in and the second one, the new radiator scenario, it is assumed that a hot water radiator is used in each unit [38] (Table 5).



Following the implementation of the scenarios in the model, the results of the natural gas consumption (heating and hot water sector) and electricity consumption (cooling sector and pumps and fans) scenarios are comparable with those of the main building, as shown in Figure 8 and Table 6. As can be seen, in these two scenarios, natural gas consumption in the heating and hot water sector is nearly zero, while in the new fan scenario, electricity consumption increases in winter due to the presence of a fan in the fan coil.



The results of comparison between electricity and natural gas consumption in the additional scenario and the main building are presented in Table 7. As can been seen, gas consumption in both scenarios decreases by about 85%; in fact, the consumption of natural gas related to heating and hot water reaches zero. However, due to the fan and pump for the heating system in winter, the amount of electricity consumption in the scenario with a new fan coil reveals a 20.5% increase, but in the Sc15 scenario, the electricity decreases by 3.6%, which can be due to the shading that the collectors have on the roof, and allows the better efficiency of electrical appliances, thus reducing consumption.





5. Discussion


This section presents a comparative analysis of the outcomes achieved through various strategies. This phase is conducted subsequent to the energy saving analysis of the preceding scenarios. The optimal scenarios from the previous strategies are implemented concurrently on a simulated model to assess the modified building’s alignment with sustainability criteria. The first strategy remains consistent regardless of the building’s window outcomes, as the observed impact on energy consumption reduction was minimal (less than 5%). It is worth noting that window replacement can be carried out without causing any destruction if necessary. The installation process involved affixing the new frame and glass onto the existing frame.



The SC6 scenario is chosen from the second strategy. Therefore, the entirety of the building is enveloped by a green wall. A layer of polyester insulation measuring 5 cm in thickness is positioned in front of the green wall. The heating system has been modified from a gas heater to a hot water radiator, wherein hot water is supplied by a solar water heater. Additionally, solar panels have been implemented to generate electricity for the building. The third strategy, with respect to the efficiency of the SC13 scenario, indicates that the panels installed on the roof at a 0-degree angle exhibit the highest level of efficiency. The implementation of appropriate strategies has led to a substantial decrease in the utilization of electricity and gas. The consumption of gas undergone a significant reduction of about 85%, while electricity consumption has decreased by 10.39%. Based on the annual electricity production and the assumption that any surplus is sold to the national electricity grid, it can be inferred that the quantity of electricity generated exceeds the demand, amounting to approximately 12,500 kWh. The heat loss of the green building under consideration has been effectively reduced by a significant margin of 35.21%. The distribution of annual heat loss is observed to vary across different sections. Notably, the heat loss from the walls has decreased by 11% in the main building, which is attributed to their green composition. Concurrently, the contribution of glass surfaces and external air infiltration to thermal waste has proportionally increased (Table 8).




6. Conclusions


The study building chosen for this research was a residential structure located in the city of Najran, Saudi Arabia. Following the collection of data from the investigated structure, a simulated model was created utilizing DesignBuilder. The analysis of each stage involved the examination of various separation strategies and scenarios. The most optimal options were then chosen, and subsequently, a building was modified based on these options. The extent to which the building aligns with green building principles was assessed. The initial approach involved the identification and application of three distinct scenarios. Similarly, the subsequent approach entailed the utilization of three additional scenarios. Furthermore, the third approach included the implementation of six distinct scenarios, while the final approach involved the application of two scenarios. Subsequently, the outcomes were assessed and evaluated.



After analyzing the monthly heat gain and loss through windows during summer and winter and the building’s cooling and heating load under various conditions, it can be said that replacing the building’s windows does not reduce energy consumption. The best result is inconclusive. The scenario reduces the cooling load by 4.1% compared to that of the primary building. The heating load drops by 3.8%. Green walls reduce heating due to their favorable heat load. This heat load is unfavorable with only a green roof. The green roof does affect winter heating. Green walls slightly increase cooling load, while green roofs reduce it. The findings suggest the addition of green elements to the building simultaneously to optimize results. The third strategy regarding the efficiency of the Sc13 scenario indicates that the most efficient panels are those installed on the roof at a 0° angle. Strategy 4 includes new fan coil and radiator scenarios. Gas consumption in both scenarios has decreased by 85%, and natural gas for heating and hot water has reached zero. However, due to the fan and pump for the heating system in the winter, electricity consumption in the scenario with a new fan coil increases by 20.5%, while in scenario Sc15, it decreases by 3.6%, possibly due to roof shading and improved electrical appliance efficiency. The implementation of sustainable building practices has resulted in a significant reduction in energy consumption. Specifically, electricity, gas, heating, and cooling consumption decreased by 11%, 85%, 28%, and 83%, respectively.
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Figure 1. Location of case study. 
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Figure 2. View of the windows on the south side with a fixed canopy. 
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Figure 3. Solar panels are mounted on the backrest at a zero angle (R1) and a 90-degree angle (R2). 
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Figure 4. Solar panel placement on the building’s walls, from right to left (east wall, W1; south wall, W2; north wall, W3; west wall, W4). 
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Figure 5. (a) Heat acquisition from external windows in the spring and summer; (b) heat loss from glass in winter and autumn. 
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Figure 6. Total heat transferred from (a) the walls and (b) top roof, in different months of the year. 
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Figure 7. The monthly electricity production in various scenarios of strategy 4. 
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Figure 8. Comparison of natural gas consumption (heating and hot water sector) values in several scenarios of the fourth strategy. 
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Table 1. The overview of the strategies and scenarios implemented in to building.
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Strategy ID

	
Scenario ID

	
Scenario Information

	
Description






	
1

	
Sc1

	
Main state with single-layer reflex

	
Related to the building window type




	
Sc2

	
UPVC




	
Sc3

	
Double-glazed glass




	
Sc4

	
Triple-glazed glass




	
2

	
Sc5

	
Green wall

	
Related to the wall and roof




	
Sc6

	
Green roof




	
Sc7

	
Green wall and roof




	
3

	
Sc8

	
Installation on the west wall

	
Related to installation solar panels on wall and top roof




	
Sc9

	
Installation on the south wall




	
Sc10

	
Installation on the north wall




	
Sc11

	
Installation on the east wall




	
Sc12

	
Installation on top roof (orientation: 45°)




	
Sc13

	
Installation on top roof (orientation: 0°)




	
4

	
Sc1

	
Main state with no change in cooling and heating system

	
Related to cooling and heating system




	
Sc14

	
New fan coil system




	
Sc15

	
New radiator system
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Table 2. Strategy 1 scenarios in windows and glass frames.
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Scenario ID

	
Description of Scenario

	
Material

	
Transparent Glass Thickness

(mm)

	
Reflex Glass Thickness (mm)

	
Air Thickness

(mm)

	
Total Sunlight Transmission

(%)

	
Transmission of Direct Sunlight

(%)

	
Light Transmission

(%)

	
Heat Transfer Coefficient of Glass

(W/m2K)






	
SC1

	
Single-layer reflex glass is on the south face and non-reflex glass is on the north face.

	
Metal

	
-

	
5

	
-

	
0.28

	
-

	
0.15

	
4.82




	
SC2

	
The building’s glass is made of UPVC.




	
SC3

	
Transparent double-glazed glass

	
UPVC

	
4

	
2

	
12

	
0.81

	
0.78

	
0.75

	
2.28




	
SC4

	
Triple transparent glass

	
UPVC

	
4

	
-

	
12-12

	
0.68

	
0.58

	
0.76

	
1.85
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Table 3. Specifications of different scenarios for strategy 2.
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	Scenario ID
	Scenario
	Description of Scenario





	SC5
	Green wall
	All the walls should be covered with a layer of vegetation with a thickness of 22 cm



	SC6
	Green roof
	The entire roof surface should be covered with a layer of vegetation with a thickness of 22 cm



	SC7
	Green wall and roof
	All the walls and the roof should be covered with a layer of vegetation with a thickness of 22 cm
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Table 4. Specifications of different scenarios of the strategy 3.
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Scenario ID

	
Solar Panel Installation

	
Surplus Generated Electricity






	
SC8

	
West Wall

	
Sales to distribution network




	
SC9

	
South Wall




	
SC10

	
North Wall




	
SC11

	
East Wall




	
SC12

	
Top Roof (Orientation: 45°)




	
SC13

	
Top Roof (Orientation: 0°)
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Table 5. Detailed explanation of the heating system for strategy 4.
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	Scenario ID
	Scenario
	Description of System





	SC1
	Main
	Independent gas heater system



	SC14
	New fan coil
	Central fan coil system, hot water supply via 385-square-meter hot water collectors, and hot water boiler if required.



	SC15
	New radiator
	41.5 square meters and, if necessary, a central radiator system; hot water delivery to the hot water boiler area via hot water collectors
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Table 6. Power consumption (cooling section, fans, and pumps) in various situations of strategy 4.
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	Months
	Sc1
	Sc14
	Sc15





	January
	0.17
	8.86
	0.57



	February
	0.09
	8.00
	0.45



	March
	0.05
	8.50
	0.38



	April
	0.05
	0.14
	0.28



	May
	4.16
	4.35
	4.25



	June
	4.65
	4.82
	4.70



	July
	5.60
	5.72
	5.60



	August
	5.49
	5.56
	5.46



	September
	4.89
	5.01
	4.92



	October
	4.16
	4.18
	4.46



	November
	0.14
	8.38
	0.50



	December
	0.12
	8.91
	0.59










[image: Table] 





Table 7. A comparison between electricity and natural gas consumption in the additional scenario and the main building.
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Scenario ID

	
ELE

	
GAS




	
Total Consumption of Electricity (kWh)

	
Variation (%)

	
Total Gas Consumption (m3)

	
Variation (%)






	
SC1

	
18,165.2

	
0.01

	
10,668.6

	
0.01




	
SC14

	
22,340.5

	
19.6

	
1958.7

	
−82.4




	
SC15

	
18,415.1

	
−3.6

	
1960.5

	
−82.4




	

	
Electricity Consumption Related to Cooling and Pumps (kWh)

	
Variation (%)

	
Natural Gas Consumption Related to Heating and Hot Water (m3)

	
Variation (%)




	
SC1

	
2983.5

	
0.0

	
10,480.3

	
0.0




	
SC14

	
7108.1

	
120.5

	
13.5

	
−98.9




	
SC15

	
3194.5

	
8.2

	
14.2

	
−98.9
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Table 8. A Comparison of thermal and consumption information of the NZEB building and the traditional building.
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	Traditional
	NZEB
	Variation (%)





	Total heat obtained annually (kWh)
	119,202
	99,840
	−16.24



	Total annual heat loss (kWh)
	−100,091
	−64,852
	−35.21



	The total annual sensible cooling (kWh)
	−50,215
	−36,140
	−28.03



	Total annual sensible heating (kWh)
	50,527
	8228
	−83.72



	Total electricity consumption (kWh)
	15,679
	14,050
	−10.39



	Total electricity produced (kWh)
	-
	12,500
	-



	Total consumption of natural gas (m3)
	9935
	1503
	−84.87
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