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Abstract

:

Buildings are a major contributor to global energy consumption and energy-related carbon dioxide emissions. In light of the climate crisis, changes in the way we design, construct and use buildings are needed to reduce their environmental impact. Green Building Codes (GBCs) and rating systems have been developed around the world as a basis for green building practices. However, several studies raised doubts about the actual performance of certified buildings. Moreover, they use a per unit area approach to assess the use of resources rather than per capita, penalizing small buildings or those with high occupancy, ignoring the concepts of equity and shared common effort which are central to sustainable design. In this paper we propose adjustments to GBCs to encourage new ways of designing and evaluating green buildings. We introduce the Occupancy Correction Factor (OCF) which prioritizes smaller and more densely occupied buildings reducing land use, total operational energy consumption and embodied energy. Results show changes in their energy ratings of one to three levels both up and down, compared to their original ratings. In addition, we propose the prioritization of high-efficiency Low-Energy and Nearly Zero-Energy buildings over Net Zero Energy buildings, encouraging innovative urban design to enhance solar access and electricity production potential on-site or nearby.
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1. Introduction


The building sector accounts for about 35–40% of the global final energy use and of the energy-related carbon dioxide (CO2) emissions [1]. Therefore, buildings can play a significant role in reducing the impact they have on the environment, and thereby help reduce the effects of climate change. Designing energy efficient green buildings that are compliant with sustainable design standards and Green Building Codes (GBCs) could be an important step in tackling those challenges.



Following the growing public interest and concerns about environmental issues, the requirement to reduce pollution and energy consumption, and the transition to the use of alternative energy sources, a wide range of methods for rating buildings, and standards for green construction have been developed in recent years around the world [2,3]. These methods reflect a system of values and priorities set by a society in order to analyze and evaluate the influence of planned or existing projects on the environment.



One of the major contributions of the introduction and dissemination of building rating systems, such as the American LEED [4,5], the British BREEAM [6] and others, is their holistic approach raising awareness of designers and general public regarding the importance of environmental issues as a whole. In Israel, a green building standard SI5281 and a rating system of buildings according to their energy consumption SI5282 were also developed in recent years [7,8,9], to provide practical tools for designers, aimed at achieving high-quality architectural solutions on the one hand, and on the other hand, to make it easy for consumers to identify and understand the product quality, encouraging demand for, and application of green construction.



Despite the environmental concerns mentioned above and the development of these methods, global electricity consumption continues to grow even faster than renewables in recent years [10]. Figure 1 shows the increase of electricity consumption per capita in the case of Israel.



Following this trend, terms such as green building, green architecture, climatic design and sustainable architecture have become widely used in architecture. However, they are not always used with a similar or uniform meaning which makes it difficult to understand and assess their real environmental contribution and impact [11,12] Along with projects that implement principles of green design and construction from the schematic–conceptual design phases, there are architectural projects which define themselves as “green”, in which the proposed green solutions focus on the advanced design stages or even after construction, by adding different types of mechanical systems to the building. Moreover, the use of these terms do not always reflect the implementation of the knowledge and principles of climate-conscious design or green techniques in buildings, but is often deployed as a means of public relations to promote the project and the image of the developer involved in its development [13].



It is not clear as well whether the adoption of these GBCs has led to an improvement in the performance of the buildings that are certified as green compared to non-certified buildings, regarding their energy consumption or the user’s satisfaction. The difference between certification systems, metrics applied, as well as the different parameters compared, may explain the varied findings in the studies intended to verify this claim. Because of their different approaches, it is difficult to determine which system can respond best to sustainability requirements. To achieve a more balanced approach to the sustainability requirements of different GBCs, some studies proposed and integrated a model of multi certification [11].




2. Literature Review


One of the main goals of the Green Building Codes is to provide a mechanism to promote energy efficiency in new and existing buildings by adhering to prerequisites and credits that address this subject, in addition improving the thermal comfort, human health and satisfaction of their occupants.



However, there are also a number of limitations to these methods, as pointed out by Shaviv [14]. They use a simple ‘point hunting’ approach which encourages the choice of the cheap and easy-to-achieve points. Credits related to improving the energy efficiency of the building are usually expensive compared to the alternatives and therefore there is often at least a partial attempt to avoid them. In addition, there are no incentives for bioclimatic, passive and low-energy building designs, and energy-saving considerations are left late in the design process, leading mainly to mechanical system-based design. Moreover, passive solar energy is not considered as renewable energy: a passive solar heated building did not receive any extra credit for renewable energy on-site. As a result, passive solar design and the use of passive solar energy is not encouraged. The successful implementation of green building strategies, including passive design, requires a continuous dialogue between the various green building stakeholders involved in the process [15].



2.1. Energy Use and Performance


Several studies in the literature have found different results regarding the energy use and performance of green certified buildings. Some have found advantages in green certified buildings [16,17], while some raise doubts about the actual energy savings and found little correlation with the certification level of green buildings [18,19,20].



In 2008, the New Buildings Institute (NBI) conducted a study [17], commissioned by the US Green Building Council (USGBC), which compared measured Energy Use Intensity (EUI) of 121 LEED New Construction (NC) certified buildings with data from the national building stock. EUI is expressed as the energy per unit area per year, and allows comparison of the energy use of buildings of different sizes. In the analysis, 21 buildings with unusually high energy loads, such as laboratories and data centers, were excluded, while only the remaining 100 buildings (medium energy) were analyzed. According to the study, the median EUI of LEED buildings was 25–32% lower than the mean EUI of the Commercial Buildings Energy Consumption Survey (CBECS) buildings for the year 2003. Criticism of the study refers to the fact that it compared the median EUI of the LEED buildings with the mean EUI of all US commercial buildings, and little attention was paid to the differences that related to climate zone, building size or age [21].



In a re-analysis of the data conducted in 2009 [18], it was found that, on average, the LEED buildings used 18–39% less energy per floor area than their conventional counterparts. However, 28–35% of the LEED buildings used more energy. Moreover, the measured energy performance of the buildings had little correlation with the certification level or the number of energy credits achieved by the building at design time.



In addition, the conclusions of such analyses may differ substantially if considering the site or source energy [21]. Site energy is the energy consumed by the building as shown in the utility bills, and therefore it is easier for designers and consumers to evaluate and understand. However, site energy does not account for the energy consumed off-site in generating and delivering electric energy to the building. For this reason, this value does not reliably present the real impact of the building on the environment associated with its operation. Source energy, on the other hand, includes all transmission, delivery and production losses and is therefore a more comprehensive unit for comparing different buildings to each other. Performing this calculation requires knowledge of the primary energy conversion factors that can be difficult to determine.




2.2. User’s Satisfaction


Regarding the user’s satisfaction about environmental quality, the results of different studies in the literature are also varied. Some studies have found that satisfaction about the environmental quality was higher in green certified buildings than in non-certified buildings [22]. Other scholars found that there was no significant influence of green certification on occupants’ satisfaction with the indoor environmental quality [23].



Grzegorzewska and Kirschke [12] investigated human factors in certification systems through the analysis of several certified office buildings in Poland. They note that, while LEED and BREEAM focus on the building and its servicing, the most recent WELL building standard [24] focuses on its users, prioritizing user safety and health, following a reevaluation of the weight of several factors due to the recent pandemic. They point to a need to revise the standards to address these issues.




2.3. Energy Performance Gap


An additional drawback of building certifications regarding energy consumption is that they are based on computer simulations of energy use before construction, rather than on actual usage. In many cases, the actual energy consumption data of the buildings that have been certified are biased and not easy to obtain (voluntary submission), which further limits analysis and evaluation of their real performance. Furthermore, energy consumption is strongly affected by final design, and how people use the building in real life [25]. Several studies have shown that there is a gap between theoretical projections based on assumptions and reality, and often buildings use more energy than projected. This is known as the energy performance gap [17,26,27].





3. Research Questions and Objectives


Regardless of the advantages and limitations of the GBCs outlined above, it is essential to question whether it is reasonable or acceptable that, under the auspices of these green standards, buildings are designed in direct conflict with the basic principles of climate-conscious design and well-being.



The design of the building envelope significantly influences its energy performance [28,29,30]. Architects often ignore this aspect, passing on the responsibility of its performance very late in the design process to mechanical and building envelope engineers [31]. Opposite approaches on the design of the building envelope and its consequences exemplify two extremes of this debate: Can a fully glazed building that relies mainly on mechanical systems be considered green despite not being energy efficient, as in the case of the LEED Platinum Bank of America Building [32]? Or should all-glass skyscrapers be banned [33], as discussed following the New York Green Deal Initiative [34]? On the other side, can a residence hall with windowless bedrooms be considered green, despite the risk of being uncomfortable for residents, as in the case of the UCSB Munger Residence Hall (aimed for at least a LEED Gold certification) [35]? An affirmative answer to these two extreme situations, for green certification at the highest levels, indicates that something fundamental with the values of these systems needs to change.



In the first case, it can be argued that a glass-box building provides lots of natural light and views, factors that are very important in high-quality design. However, useful daylight can be obtained with smaller openings, according to the orientation and climate [36]. All-glass buildings can suffer from overheating and glare [37], so interior shading devices must be necessary, obstructing the views and affecting daylighting. In the second example above, despite the claims for floor-efficiency, the disconnection with the outside and the lack of natural light and ventilation could be detrimental to human health, not to mention avoiding the possibility of natural ventilation in a pandemic situation, such as the one experienced in recent years.



A number of questions arise regarding the results of the application of these Green Building Codes: Do they guarantee the promotion of the values for which they were formulated and promoted? Do they represent a growing awareness of environmental issues and a real change in architectural practice? Are they promoting architectural design for a sustainable future?



The argument in this article is twofold: for architects who offer such solutions, and for Green Building Codes that encourage them [38]. In this paper, we will address some fundamental aspects that are currently missing in current standards and we will propose ideas to encourage their incorporation to promote sustainable design, considering both use of resources and renewable energy supply. In addition, we will develop and demonstrate a method for implementing a correction factor for weighting building size and occupancy. The effect of this correction on the rating and how it can drive changes in design will be assessed based on the Energy Rating system for residential buildings in Israel.



In the next sections we will review the definition of sustainable design emphasizing the topics of building size and low energy architecture, and propose the implementation of the correction, based on a per capita approach.




4. Sustainable Design: Revisiting the Definition


The concept of sustainable development was defined in the report “Our Common Future” by the World Commission on Environment and Development [39] as: “development that meets the needs of the present without compromising the ability of future generations to meet their own needs.” In this view, equity is a central concept to pursue this Common Interest, so there must be a shared common effort to achieve that goal. Thus, sustainable design should minimize negative impacts on the environment and contribute to improving well-being through fair and collaborative efforts.



They add: “The concept of sustainable development does imply limits-not absolute limits but limitations imposed by the present state of technology and social organization on environmental resources and by the ability of the biosphere to absorb the effects of human activities”.



4.1. Small Is Beautiful and Sustainable


Minimizing resource consumption and construction waste in the construction industry is vital for sustainable design, reducing the potentially harmful effects on the environment. The production of building materials and components requires raw materials, energy and emits greenhouse gases. The design, construction, renovation and demolition of buildings must give priority to reducing the amount of material resources employed and waste produced. Increasing the floor area of offices or residential spaces in buildings causes an increase in the use of resources and land use, reduces the reserves of open and green areas and results in increased energy consumption. Studies found that downsizing could bring significant energy savings, and address a range of other economic and social benefits, such as lower bills, rent, maintenance costs and also potential lifestyle improvements [40]. It can also contribute in mitigating the housing crisis in cities. Consequently, we should expect Green Building Codes and standards to encourage the reduction of built-up areas of buildings and to give a higher ranking to re-used and resource-efficient buildings [38]. In fact, in the current situation, there is no incentive to reduce built-up areas at all.



Since 1975 American homes have almost doubled in size, although the average size of families has shrunk over the same period [41]. Figure 2 shows the relation between the average gross apartment area in Israel for the period 2000–2015, and the average number of persons per household from 2001–2020. While the average gross apartment area grew in that period from 155 to about 190 sqm., the average number of persons per household decreased from 3.37 to 3.25.



Previous studies have found that conventional residential energy research has often failed to untangle the complexities of household energy use [42] and highlighted the role of households and their housing choices in shaping residential energy consumption patterns. In addition, current methods overlook the role of human social behavior [25], underestimating the complexities of the role of resident households in energy use. This is often due to a lack of freely accessible data, including information on both actual consumption and occupant habits.



In order to determine the energy rating or improvement ratio of the designed building, a comparison with a reference building is usually made, as in LEED and BREEAM, which is adapted geometrically to the building “as designed” (a fact that also discourages the search for efficient building forms). That is, the larger the designed building, and the bigger its external envelope area, the greater the reference value. In the case of the Israeli standard SI5282 for the energy rating of buildings, the geometry of the reference building is pre-defined and constant, for example a 10 m. by 10 m. unit for apartments in residential buildings. Regarding its orientation, in LEED and SI5282 the reference value expresses the average of the four main directions, and sometimes, such as in BREEAM, this value remains as designed [3]. These standards handle the issue of size by dividing the total energy consumption of the building by its area.



As a result, the size of the designed building is not reflected in its rating. This metric known as Energy Use Intensity, is commonly used to rank and assess the building’s energy performance [43]. EUI disfavors small buildings, which generally have a higher exterior envelope area to floor area ratio and higher fixed heat loads per square meter than larger buildings.



Furthermore, by normalizing energy consumption by building area EUI allows buildings of different sizes to be compared unequally. In this way, it is possible that an apartment of 70 sqm. has a higher EUI than a neighboring one of 140 sqm., despite having a much lower total energy consumption, less embodied energy and use of materials and other resources. Even more puzzling, this situation will remain even in the case where four people live in the first apartment, and in the second, only a couple. In this way, EUI and consequently GBCs provide an incentive for the design of large buildings, which have unused areas, a low occupancy and consume a lot of resources. This is contrary to the concepts of equity and shared common effort, which are core to sustainable design, as discussed above.



To correct this distortion, energy use per resident in residential buildings [42], or energy use per worker in commercial buildings, should be included in the green certification considerations, as demonstrated in Section 5 and Section 6. A per-capita approach is recommended to evaluate the use of additional natural resources as well. Progress in this area can contribute to more fundamental changes in the way buildings are designed, built and used, which are needed to reduce their environmental impact.




4.2. Low Energy Architecture and Nearly Zero-Energy before (Net) Zero Energy Buildings


Small and low buildings located in low density areas may have a high potential for solar access and on-site electricity production using PV systems integrated in their envelope or in near surrounding open areas. However, the integration of solar systems for energy generation from renewable sources in dense cities, where energy use is very intensive, is complex and presents new challenges to building and urban design [44,45]. Mutual shadowing between buildings may be an obstacle to install photovoltaic arrays on the building envelope and open spaces around them, compromising the feasibility of the Zero Energy Building (ZEB) equation [46].



In a Net Zero Energy building or complex, its annual source energy consumption is considerably reduced by energy-efficiency measures, and is less than or equal to the renewable energy generation on the site [47]. Buildings that occupy entire lots located in dense urban areas, or with high process loads, may not be able to balance energy use with on-site renewable energy, and then allowed to use Renewable Energy Certificates (RECs). Renewable Energy Certificates are a market-based instrument which allows owners to make claims about using renewable electricity. It is claimed that the purchase of RECs by companies, institutions, or individuals may support the renewable energy market. This article is not intended to discuss this point, or the unsustainable implications of promoting renewable energy generated anywhere by mega solar facilities, which can damage the biodiversity of sensible regions and lead to the loss of traditional farming jobs, as is occurring in some regions in Spain [48]. However, RECs have nothing to do with building design and construction, which are the focus of this paper.



The United States Department of Energy’s (DOE) Renewable Energy Certificate-Zero Energy Building (REC-ZEB) definition, allows building owners buying off-site renewable electricity utilizing RECs to help balance the annual used energy. Some Green Building Codes and standards then recognize the possibility of achieving green credits for buildings by buying RECs. Although the mechanism has positive goals, it is unacceptable that it grants green credits to buildings. RECs credits should be granted to the owners of the RECs to obtain fiscal or other benefits, not to buildings. GBCs should encourage excellence and innovation in architectural design for a sustainable future; by giving green building credits to cheaper RECs instead, they are prioritizing other factors and creating misinformation, lack of trust in them and inequity.



If we consider two buildings, say two neighboring office buildings, A and B, with similar energy use, identical building form and urban situation, if the owners of building A can buy RECs, it can obtain green credits, eventually be called zero and claim that the building is greener than its neighbor. An energy-conscious re-design of building B can drastically reduce energy use and even help to enhance solar access and potential for electricity production, even if the conditions do not allow for balance to be reached. Despite having a greater environmental contribution, building B will not obtain that qualification.



According to the EU definition [49] Nearly Zero-Energy Buildings have a very high energy performance, that should be covered to a very significant extent by the energy from renewable sources produced on-site or nearby. To achieve this, it is important to implement a solar-oriented design on the urban level as much as on the building scale, to reduce energy consumption and maximize on-site energy production. The possibility to improve energy performance and increase on-site renewable energy, to achieve Nearly Zero-Energy Buildings and Complexes, can be affected significantly by architectural design: massing, the building’s orientation, openings, shading devices, etc. Accordingly, Low-Energy Architecture and Nearly Zero-Energy buildings are important and proper goals to be promoted by GBCs [50].



In each country, and for each standard, it will be necessary to adjust the weight of the different topics mentioned in this paper, in order to achieve an appropriate balance. In order to show how these themes can be incorporated into GBCs, in the next sections we will demonstrate an analysis of the influence of the incorporation of occupancy in residential buildings as a leading value for their Energy Rating, through a revision of this topic in the Israeli standard SI5282.





5. Methodological Change Proposal for Energy Rating of Buildings in Israel


5.1. Energy Rating of Buildings in Israel


In the performance approach of SI5282, the energy consumption per unit area of the proposed design is compared to that of a theoretical reference unit, which determines the energy budget. The rating of the building is determined according to the ratio of energy savings in relation to the reference, from level F (worst) to level A+ (best) [51]. A dynamic energy hourly simulation model is used to implement this method. The improvement percentage (IP) for each unit is calculated according to Equation (1):


  I P = 100 ×   E  C  r e f   − E  C  d e s     E  C  r e f      



(1)




where:



IP = Improvement percentage (%) of energy consumption per floor area;



ECref = Reference unit energy consumption (kWh/m2 year);



ECdes = Designed unit energy consumption (kWh/m2 year).



For residential buildings, Table 1 shows the required improvement percentages for each level (rating of unit) in accordance to the climate zone where the project is located. Depending on the level obtained, a grade value (GradeValueu) is assigned to each evaluated unit (apartment, office, etc.) for the calculation of the rating of the whole building.



It can be noted that the above IP value is based on calculations per unit area (m2), so that the total area of the unit, and therefore its total energy consumption, are not reflected in the results. There is also no reference to the degree of occupancy of the unit.



The rating of the whole building is calculated according to Equation (2):


  B l  d  r a t e   =     ∑   u = 1  m  A r e  a u  × G r a d e V a l u  e u      ∑   u = 1  m  A r e  a u     



(2)




where:



Bldrate = Energy rating of the building;



GradeValueu = Energy rating of unit (apartment/office) from Table 1;



Areau = Area of unit (m2);



u = Unit;



m = Number of units.



We propose to implement an “Occupancy Correction Factor” (OCF) to rectify the IP obtained from Equation (1) for each unit, and consequently the energy rating of the whole building, as shown in the next section.




5.2. Defining Occupancy Correction Factor


In SI5282, energy use calculations for rating apartments are based on the theoretical assumption of one person per 25 m2. Since the reference unit has an area of 100 m2 it assumes an occupancy of four persons. Constant and non-constant heat loads per unit area are set for apartments up to 150 m2, a decrease for larger apartments.



In order to weigh the size and occupancy of the apartment in its rating, the Potential Occupancy (PO), according to the area of the unit, can be determined following Equation (3):


PO = Areau/APP



(3)




where:



APP = Area per person = 25 m2.



The OCF can therefore be determined according to Equation (4):


OCF = Actual Occupancy/PO



(4)




where:



Actual Occupancy expresses the number of occupants in the unit in practice.



Table 2 shows the OCF calculated for apartments of variable sizes and different occupancy rates. Occupancies of less than one person per 25 m2 result in OCF values smaller than one reducing the original IP and consequently lowering the rating obtained for the residential unit. For higher occupancies, the OCF is above one, improving the rating obtained. In order to obtain an acceptable rating of large and low-occupancy housing units, further efforts will be needed to improve the IP by improving their design and implementing additional energy-saving measures. It should be noted that the APP value is theoretical and in this work is based on the assumptions of SI5282 for residential buildings. A change of this value may lead to different ratings, and therefore it should be adjusted according to local needs and practices and for different building types.





6. Results


Figure 3 presents the proposed OCF for different units’ areas and number of persons in relation to the existing situation in SI5282 (indicated by an horizontal dotted line). As stated above, the standard in the current situation has no effect on the rating obtained for the size of the apartment and the number of residents (OCF = 1). In contrast, this picture also shows situations in which the resulting rating decreases (below line SI5282), and those in which the rating improves as a result of an increase in the ratio of the number of residents to the area of the apartment.



The results of the application of the proposed correction factor for an apartment are presented in Table 3. In this example located in the Climate Zone A (coastal plan), a 100 m2 apartment (bold in Table 3) was analyzed before (four persons) and after (varying occupancy and area) the implementation of the OCF. As can be seen in the present situation, assuming an IP in the range of 25–30%, the obtained rating according to SI5282 is B for all of the alternatives. After the application of OCF for 100 m2, the option with four residents remains in the same rating, as expected. However, when considering a total of five persons in an apartment with the same area, its rating improves to A or even A+, in accordance with its IP. If the 100 m2 apartment is designed for a couple, its rating drops to level D. Since in Israel a rating of C is a pre-requisite for submission to the SI5281 green standard, in this case it will be necessary to rethink and improve the design. With a reduction of its area to 70 m2, and an occupancy of two persons, its rating can achieve a C. We can see as well that increasing the area to 125 and 150 m2, with an occupancy of five persons, means that a rating of B and C, respectively, will be obtained. Additional design improvements to further reduce the energy consumption may help in achieving a higher rating.




7. Discussion and Conclusions


In light of accumulated experience in recent years, this paper asked fundamental questions about the influence of Green Building Codes on architectural practice. There is no doubt that they have helped to promote environmental discourse in education and architectural practice and raised awareness among the general public. There is also no doubt that, beyond the debate over the performance of green certified buildings in relation to other buildings, there are concerns about the possible certification of buildings which contradict basic principles of climate-conscious design and well-being. Moreover, they ignore the concepts of equity and shared common effort in minimizing resource consumption, which are central to sustainable design. This does not imply that there are no good examples of green buildings, just as there are examples of good architecture.



Corrections are needed in GBCs to encourage essential changes in the way we design construct and use buildings to reduce their environmental impact. This does not mean that we should lower our comfort standards, but rather redefine them. It is imperative to adapt our lifestyle to the challenges of sustainable development, without abandoning the joy in architecture. This means moving forward from Bjarke Ingels′ hedonistic sustainability approach to a more responsible, sustainable hedonism.



In this paper we discussed ways in which architectural design can contribute to this effort, acting on how buildings can become greener and more efficient on the demand side, and producers of local renewable energy on the supply side. On the demand side, it is important to promote conservation of natural resources: incentive projects that reduce land use, decrease total operational energy consumption and reduce embodied energy in the built environment, by encouraging the decrease of built-up areas per person. On the supply side, it is preferable to stimulate local generation: encourage innovative architectural and urban design to increase the potential of on-site or nearby renewable energy in small and medium-size installations, to achieve Nearly Zero-Energy Buildings and Complexes. Passive solar and low-energy design should be rewarded, and source energy must be considered for certification.



Previous studies have analyzed several shortcomings relating to different factors included in GBCs or their results, and sometimes even suggested ways to overcome each problem individually. However, there is a lack of critical examination of the general approach and assumptions of these standards, and they are generally analyzed point by point, rather than as design tools that can, and ideally must, encourage sustainable design.



This work demonstrated the implementation of a correction factor for rating buildings, weighting their size and occupancy. This correction produced changes in their energy ratings of up to three levels both up and down compared to their original ratings, which can stimulate improvements and changes in design. It should be noted that it has a number of limitations: the proposed Occupancy Correction Factor requires further research to adapt to different building types and be used in other places, according to local practices. Besides, it may be necessary to develop additional correction factors to consider additional subjects, such as a crowding factor to ensure the well-being of the occupants, and obtain a balanced design solution. To implement this approach, the difficulty in obtaining updated data regarding the number of residents or workers in a building also requires further research.



Architectural practice must adapt to changes in household sizes, the changing needs of people and families and respond to transformations posed by co-living, telecommuting and more. GBCs should encourage the retrofit and reuse of existing buildings, and designs that allow increasing occupancy rates in buildings, which need to be used for many hours during the majority of the year. There should also be incentives for post-occupancy monitoring, and the publication of actual energy consumption data.



It may seem that by implementing these principles, the number of green certified and ZEB buildings, as they are known today, will decrease, and it is estimated that they probably will decrease at first. These changes will, however, hopefully result in a change in architectural practice, and a growth in the medium term of a new type of building that are not only called green, but actually help to minimize their impact on the environment.
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Figure 1. Israel’s electric power consumption per capita (2000–2020). Data source: IEA Energy Atlas International Energy Agency. 
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Figure 2. The evolution of average gross apartment area (2000–2015) and average persons per household (2001–2020). Data source: Israel Central Bureau of Statistics. 
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Figure 3. The Occupancy Correction Factor (OCF) as function of Floor Area and number of persons per household. The dotted line indicates SI5282. 
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Table 1. Unit energy efficiency rating (residential units) with GradeValueu.
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Rating of Unit

	
Grade Value

	
Energy Efficiency Improvement Percentage by Climatic Zone (%)




	
Climate Zone A

	
Climate Zone B

	
Climate Zone C

	
Climate Zone D






	
A+

	
5

	
≥35

	
≥35

	
≥40

	
≥29




	
A

	
4

	
≥30

	
≥30

	
≥34

	
≥26




	
B

	
3

	
≥25

	
≥25

	
≥27

	
≥23




	
C

	
2

	
≥20

	
≥20

	
≥20

	
≥20




	
D

	
1

	
≥10

	
≥10

	
≥10

	
≥10




	
E

	
0

	
<10

	
<10

	
<10

	
<10




	
F

	
−1

	
<0

	
<0

	
<0

	
<0
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Table 2. Occupancy Correction Factor (OCF) for various apartment areas and occupancy rates.
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Apartment Area (m2)

	
PO (Persons)

	
Actual Occupancy (Persons)




	
2

	
3

	
4

	
5

	
6






	
70

	
2.8

	
0.71

	
1.07

	
1.43

	
1.79

	
2.14




	
100

	
4

	
0.50

	
0.75

	
1.00

	
1.25

	
1.50




	
125

	
5

	
0.40

	
0.60

	
0.80

	
1.00

	
1.20




	
150

	
6

	
0.33

	
0.50

	
0.67

	
0.83

	
1.00




	
200

	
8

	
0.25

	
0.38

	
0.50

	
0.63

	
0.75




	
300

	
12

	
0.17

	
0.25

	
0.33

	
0.42

	
0.50
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Table 3. Results of the application of OCF in rating apartments with different areas and occupancy rates, in Climate zone A.
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	Apartment

Area (m2)
	Occupancy

(Persons)
	Rating

Old
	IP_SI5282

(%)
	OCF
	IP_Corrected

(%)
	Rating

New





	70
	2
	B
	25–30
	0.71
	17.75–21.3
	D-C



	100
	2
	B
	25–30
	0.50
	12.5–15
	D



	100
	4
	B
	25–30
	1.00
	25–30
	B



	100
	5
	B
	25–30
	1.25
	31.25–37.5
	A–A+



	125
	5
	B
	25–30
	1
	25–30
	B



	150
	5
	B
	25–30
	0.83
	20.75–24.9
	C
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