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Abstract

:

It is necessary to consider all aspects of environmental factors when assessing the health impact of an eco-building environment on its occupants. However, the multi-criteria and imprecise nature of the indoor-environment in the eco-buildings has caused difficulties in quantifying the indoor environmental pollution level. This paper describes the optimal classification and priority weight methods, which are particularly useful for assessing the indoor environmental quality (IEQ) of an eco-building to demonstrate its innovative applications. The analytic hierarchy process (AHP) was used to set up the strategic decision-making evaluation system for computing the indoor environment index (IEI) risk ranking of eco-buildings. Combined with this, a Microsoft Delphi-based IEQ intelligent forecasting software simulations package was developed, and the innovative application of indoor environmental comprehensive assessment was verified by a case study in Shanghai. The evaluation result was analyzed by the priority weight methods and the AHP decision-making system noted above. This health assessment method and system provides an innovative way for the indoor environment risk evaluation of eco-buildings and is helpful to standardize the local building market.
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1. Introduction


When considering the health effects of indoor environments, the national health and medical council of Australia (NHMRC) defines an “indoor environment” as “non-industrial indoor space spent more than one hour per day” [1]. The national institute for occupational safety and health (NIOSH) uses the term “indoor environmental quality” (IEQ) to describe environmental problems in different buildings [2,3,4]. Surveys found that these environmental problems were caused by secondary factors such as air quality, thermal comfort, sound, light, ergonomics, and work-related psychological stress [1]. These factors may act independently or together on employees and have adverse effects on the health of residents, such as health and SBS (Sick Building Syndrome) [2]. Therefore, it is necessary to objectively evaluate the indoor environment of eco-buildings and find out the main influencing factors of environmental problems on the health, comfort, and work efficiency of residents. To sum up, the use of IEQ can objectively reflect actual indoor problems. There is also a strong relationship between IEQ and productivity, and efforts to improve indoor environments demonstrate significant payoffs [5]. For example, a filter costs $23 per person, and the energy bill is $1 per person [6]. Good indoor environmental quality also ameliorates the impacts of building-related illness, absenteeism, and productivity loss, thereby improving overall job performance. As people spend 80–90% of their time indoors on average, an unhealthy indoor environment directly threatens people’s health [7,8]. The purpose of establishing the indoor environment evaluation system is to evaluate the indoor environment from the perspective of the environmental needs of personnel, to find out key factors affecting the indoor environment and their causes [1,9], and to take corresponding measures in the aspects of design, construction, and later improvements in order to achieve both efficiency and a healthy and comfortable indoor environment [10].



The indoor environmental impact assessment is also very important. The research content of the indoor environment mainly includes indoor air quality, indoor thermal comfort, indoor sound environment, and indoor light environment [3,4,11,12,13]. The purpose of studying the relationship between buildings and people in the indoor environment is to understand the needs of people and the environment [14]. The purpose of establishing an indoor environment evaluation system is to find a set of reasonable and appropriate index systems, establish the indoor environment evaluation model, and further search for ways to improve the indoor environment [10,15]. Since environmental assessment methodologies are designed to stimulate market demand for sustainable practices, the indoor environmental quality depends on the design and operation of eco-building systems that control thermal comfort, indoor air quality, acoustics, and light [1]. Indoor environmental issues must become an important part of global sustainable development, which is the consensus of “eco-building” activities [16]. The sustainable development of buildings is an important part of urban and even national sustainable development strategies [17].



Determining the design standard of eco-buildings is a critically impending task. The main goal of eco-building design is to provide a comfortable and healthy indoor environment while minimizing dependence on traditional mechanical equipment [18]. Therefore, for health reasons, the eco-building standard [19] is stricter than that of normal buildings, and these buildings: (1) try to use healthier green building materials to create higher air quality; (2) improve household “energy efficiency” and reduce CO2 emissions to below 1000 ppm; (3) control the concentration of particulate matter to below 0.15 mg/m3 [5]; (4) ensure thermal comfort. The implementation of thermal comfort has depended heavily on personal experience and the applicability of common estimation methods. PMV (predicted mean vote) and PPD (predicted percentage dissatisfied) cannot conclusively be predicted in advance [4]. Humidity will lead to mold growth, and rain will eventually enter the building, causing problems. Therefore, the ventilation system is designed to keep the indoor relative humidity between 40% and 70% for the thermal index. The temperature in winter should be controlled between 17 °C and 27 °C, which is different from the temperature range in summer [20]. (5) Noise would be controlled to below 50 dB [1]. (6) Ensure adequate lighting, utilizing sunshine and appropriate insulation to make the house more efficient in cooling and heating [20]. Therefore, it is a global trend to develop a system that comprehensively evaluates eco-buildings at different environmental scales: global, local, and indoor issues [21,22].



Researchers have established several indoor environmental evaluation systems based on local environmental and economic conditions. Researchers have also used different methodologies to describe a similar goal, including the IEQ model [21,23], the IEQ index [9,13], and scoring systems [24,25]. As used in this study, IEQ includes acoustics, indoor air quality, lighting, and thermal comfort. There are many methods to determine the weights of the indoor environment factors in a comprehensive evaluation, such as Yu et al. [10], Cao et al. [26], Nizam et al. [27] and Ncube & Riffat [28], etc., who use the multiple linear regression of occupant response to determine the category weight. Heinzerling et al. [21] and Sarbu & Sebarchievici [22] also summarized many literature reviews on IEQ category weights. To investigate the relationship between IEQ classification and overall job satisfaction, Piasecki & Barbara Kostyrko [29] used a mixed-model logistic regression to provide a detailed analysis of the relative importance of IEQ categories and building characteristics. Xinheng Wang et al. [30] proposed a localization and mapping (SLAM) method for sustainable performance evaluation and building envelope design. Hüls et al. [24] used a test room for controlled experiments, exposing occupants to variable IEQ conditions and a different number of adaptive control opportunities. Generally, residential and office buildings have considered separately. However, the rooms for different purposes are not divided in detail. Yu et al. [10] used the expert scoring method to measure and analyze the weight distributions of magnetic fields existing in all indoor environments. Shad et al. [31] developed an Iranian green building assessment tool using decision-making methods and GIS and used it in the city of Mashhad. Iwaro et al. [32] developed a comprehensive standard weighting framework for environmental evaluation. Alyami et al. [33] also established an indoor environmental assessment system for office buildings in Saudi Arabia, where the climate is hot and dry.



Therefore, it is necessary to establish a set of comprehensive eco-building indoor environment evaluation systems considering all acoustics, indoor air quality, lighting, and thermal comfort indexes suitable for national conditions and regional climate conditions.




2. Methodology


To develop an integrated sustainable performance evaluation framework for the standard weight of building envelope, we evaluated several subjective weighting methods, including the expert evaluation, experience weighting, statistical average, index, index of the phase comparison, flexible preference matrix, sampling weight, proportion of weighting, stepwise regression, the grey correlation, and principal component analysis (PCA) methods [19,24,25,26,27,34,35]. One major shortcoming of these methods is that they are solely based on the judgment of policymakers, and lack of knowledge and experience may have a negative influence on the judgment of the decision-makers [19,20]. To avoid these shortcomings, this study used the analytic hierarchy process (AHP) to determine the decision-making system. The principle of the AHP decision-making system is strictly mathematical, and it is widely used in complex systems analysis and decision-making [36,37,38]. C. Chiang et al. [39,40] used the AHP decision-making system to sample professionals to determine the appropriate weights in Taiwan. Chiang & Lai [25] used the AHP decision-making system to score the indoor environment of a building, which was divided into four categories: indoor air quality (IAQ), thermal comfort, insulation, and lighting. To overcome the above-mentioned technical challenges, this study intends to design a reliable priority weighting system to conduct the IEQ health assessment for eco-buildings. The AHP decision-making system has been widely used in many fields, such as innovation management [26,27,28]. As AHP decision-making methods involve both quantitative and qualitative aspects, its unique analytical structure transforms natural thinking into a quantitative process. Furthermore, AHP technology can improve decision analysis and provide a powerful tool for dealing with complex decisions. Therefore, this study used AHP to develop a suitable decision-making system.



In IEQ risk assessment of eco-building, the indoor environment includes indoor air quality, thermal, acoustics, and lighting. Each factor is controlled by various indicators that have a synergistic effect. The comprehensive IEQ index health risk assessment includes four sub-indicators: the indoor air quality (IAQ), thermal comfort (TC), acoustics (AC), and lighting quality (L) indexes. It is feasible to evaluate environmental quality by combining the above four sub-indicators. This paper uses the analytic hierarchy decision-making method to evaluate and analyze the optimal classification and priority weight of the evaluation indicators.



2.1. Optimal Classification and Priority Weight Methods


Multiply the four sub-indexes (M) by their respective weight Wi (Table 1) to obtain the final IEQ index. The comprehensive index, the indoor environment score (IEQ) was proposed to evaluate the indoor environment of eco-buildings, as shown in Equation (1).


  IEQ =  ∑   S i   W i     



(1)







In Equation (1), Si is the correlation between all functions Si = f(x) and the indoor air quality and physical environment parameters. For example, if x selects the IAQ index (IAQi), thermal comfort index (TCi), acoustic index (ACi), and lighting quality index (Li), the IEQ index will be rewritten as Equation (2).


IEQ index =W1 × IAQi + W2 × TCi + W3 × ACi + W4 × Li



(2)







Wi is calculated in Equation (3),


   W i  =  1 n    ∑  j = 1  n    P  ij     =  1 n    ∑  j = 1  n      a  ij       ∑ i n    a  ij         , i , j = 1 , 2 , … , n  



(3)




where, aij is the index element of eco-building. The evaluation scores of the ith index in category x and Sxi are evaluated on a score grade of 40, 60, 80, and 100, respectively, which correspond to the environmental risk value of the eco-building to human health, comfort, and productivity. When the Sxi score exceeds 60, there is no health risk. If Sxi < 60, that is, the ith index does not meet the requirements of national standards, then Sx is the minimum value of Sxi; otherwise, Sx is the weighted average value of Sxi. To calculate Si, Equation (4) is used, where PPD is the predicted percentage dissatisfied and PD (Si) is the percentage dissatisfied with the IEQ subcomponent (Si) level.


SD (Si) =SD (PD (Si))



(4)








2.2. AHP Decision-Making System


To remedy potential defects in the evaluation and weighting methods, especially in determining the classification of weight and index features, the AHP decision-making system was used. Based on the four environmental categories of thermal comfort, indoor air quality, acoustics, and light, the sensitivity curves of the four environmental categories unsatisfactory to the human body were determined as shown in Equation (5). The results were that: thermal index PD(TC) ≤ 10% (−0.5 ≤ PMV ≤ 0.5), acoustic index PD(AC) ≤ 20% (LAeq ≤ 50 dB), photosensitive index PD(L) ≤ 20%(illuminance: 500–1000 lx), indoor air quality index PD(IAQ) ≤ 20% (dp < 3) were considered unsatisfactory. The judgment matrix S was thus obtained:


   P D ( T C )     P D ( A C )     P D ( L )     P D ( I A Q )    S =    [     1    1 / 2     1 / 2     1 / 2      2   1   1   1     2   1   1   1     2   1   1   1     ]      P D ( T C )       P D ( A C )       P D ( L )       P D ( I A Q )          



(5)







Based on the above method, the indoor air quality index (IAQi) of office buildings was selected based on the survey results of the indoor air quality of office buildings in Shanghai [31]. Optimal classification was based on national and international standards. Most indicators can be divided into four categories. The value that each index sets in the national standard is equivalent to 3. According to the influence of indoor air pollutants on the human body, the indoor air quality index was priority-weighted [29]. Professor Fanger proposed the thermal comfort equation, PMV, and PPD [41]. Using these methods, researchers have established a series of thermal comfort standards over the past decades, such as Fanger 198063, ASHRAE 55, and ISO 7730 [42,43]. The standard gives a range of thermal environmental parameters that most people (80%) consider acceptable. So, in this study, the thermal comfort index (TCi) was selected according to ISO 7730 and ASHRAE 55, which dictate that thermal comfort can be achieved based on an 80% or greater occupant satisfaction rate. The remaining percentage of people can experience 10% dissatisfaction based on whole-body discomfort (all listed influencing factors of PMV) and 10% dissatisfaction based on local discomfort/partial body discomfort (includes fewer factors than whole-body) [44]. Due to the different requirements of different seasons, the classification of some thermal indicators (indoor temperature and relative humidity) are also considered seasonally. To balance academic research and practicability and to comply with ASHRAE 55, the recommended thermal limit on the 7-point scale of PMV was between −0.5 and 0.5.



There are three kinds of acoustics indexes (ACi) related to eco-buildings. The first is the indoor background index, used to evaluate the noise generated by HVAC systems and electrical equipment. Since it could not evaluate low-frequency noise and because of the inconvenience, it was not adopted in our system. The second is the time-weighted equalization sound pressure (LAeq) and time-distributed statistical sound pressure (Ln) levels, which can be used to evaluate the real noise situation. The third category is related to sound interference, including reverberation time (T60), and sound interference level (SIL), which can be used for meeting rooms, multi-function halls, and open office acoustic environment assessments. Among them, the classification of T60 is related to the use and size of the room. In order to consider impulse noises such as ringing telephones, the time-noise statistical sound pressure level (L5) was selected as the additional point in the office assessment score. When evaluating the lighting quality index (Li), researchers usually choose the index associated with lamps and pay attention to the spatial configuration of the office, such as illuminance, illuminance uniformity ratio, brightness, glare index, color temperature, color rendering index, day lighting ratio, etc. The relationship between the weight of the acoustic and lighting indicators and the intensities of their impact on the human body is not clear, so the relative weight of these indicators in the respective evaluation items were the same in this study. To facilitate the AHP decision making process, this paper uses software development to further evaluate the Shanghai case study, including the optimal classification and priority weighting methods described above.





3. Case studies


3.1. IEQ Priority Weight Calculation


The overall goal of this case study is to demonstrate the feasibility of the proposed priority weighted system, combined with the AHP decision-making system, to measure IEQ. The practical application of this study was carried out in selected offices and residences in one of the largest cities in Shanghai [45]. In this paper, indoor air quality and thermal standard use international standards such as EN 16798-1, ISO 7730; ASHRAE 55 [42,43], and EN 12464 were used as the indoor air pollutant and thermal indexes [29], and the civil building noise insulation standard design ASTM E1374 was used as the architectural acoustics index [46], and the lighting design EN12464-1 standard was adopted [47]. According to Equations (3)–(5), the IEQ weight index was deduced from four factors, including thermal comfort, IAQ, acoustic comfort, and lighting, as shown in Table 2. The AHP was used to calculate the IEQ parameters decision-making system, and the results were compared with those in Table 3.



The average weight of the IEQ parameters was then compared with some references [26,28,38], as shown in Table 3 below. References also indicate that different types of eco-buildings may use different IEQ weights, which will be further examined in the case studies.



Once the weighting of the IEQ parameters was attained. Equation (1) could be rewritten as Equation (6).


  IEQ =   ∑      S i     W i  = 0.286  S  IAQ   + 0.142  S  thermal   + 0.286  S  acoustic   + 0.286  S  lighting    



(6)








3.2. AHP Decision-Making


In this study, based on Table 2 of Section 3.1, the case study parameters mainly considered various factors such as thermal, light, heat, and IAQ to select the indexes and their classifications. The selection of indexes was based on comprehensiveness and operability. Input data were chosen according to the indoor environment characteristics of the different function rooms and the different degrees of the influence of the environmental factors on the human body. The weight of each factor in evaluating the indoor environment was determined according to Table 3. The standards of choosing the data and their scoring sequences can be divided into: questionnaires, single index grading and scoring, similar multiple indicators weighting, and multiple environmental factors weighting to finally complete the indoor environment grading and scoring of a single room. According to the standard, 109 tests and 190 questionnaires were carried out on the comprehensive environmental health assessment of residence and offices in Shanghai for one year, covering four different seasons. The indoor thermal environment parameters mainly included indoor air temperature, average radiant temperature, relative wind speed, and relative humidity. However, the average (mean) radiant temperature is relatively difficult to test in practice, as it is not included in the national civil building standards relating to Chinese buildings. Therefore, the selection of objective thermal environment assessment system indicators was only considered by the thermal questionnaires in this case study. The main IAQ indexes reflecting indoor air pollution mainly include formaldehyde, TVOC, benzene, ammonia, and radon. The results of each test area in the indoor environment are shown in Table 4.



For indoor air quality, the main detection items were the concentrations of formaldehyde, TVOC, benzene, toluene, and xylene, while the other detection items were indoor temperature, background noise; the thermal, acoustic, and light environments; subjective satisfaction etc. The main IAQ instruments used in this experiment were an atmospheric sampler (SQC-1000), an ultraviolet spectrophotometer (Genesys II), a gas chromatography-mass spectrometer (Trace DSQ), and an environmental radon meter (FD216). Acoustic and lighting monitors were used for the noise and lighting indexes, and a data logger, sensors for humidity, air temperature, and airspeed at heights of 0.1 m, 0.6 m and 1.1 m to comply with ASHRAE 55-2017 were used in conjunction with an occupant questionnaire to evaluate the acceptability of the indoor thermal environment [42]. The results of the questionnaire results are listed in Figure 1. According to the test results analysis (see Figure 1), the thermal-neutral temperature in the Shanghai area under natural ventilation should be between 27.8 °C and 28.1 °C. The results are very reasonable since electric fans are primarily used from June to October, while air conditioners are mostly used from July to September in Shanghai. Heating in winter is used mainly from December to January in Shanghai.



The case study results show how to use the proposed AHP decision-making system for the analysis data collected in Table 4. Using Equation (6), the final results of this case study are demonstrated in Figure 2. The method described above can be carried out to evaluate the indoor environment of different types of eco-buildings. An assessment structure needs to consist of the scores derived from all the rooms in the building for an office building. The weighting means method was used to organize the scores of the rooms. At first, the assessment was of a single room and then it was included in the integrated assessment of the whole building. The building rooms were sorted into meeting rooms, general offices, open-plan offices, and designing and drawing rooms, after evaluation. Rooms with the same purpose were evaluated together. Finally, the score values were the weighted means of all the rooms. The weighting was based on the area of the room. In conclusion, the building was evaluated by the scores of all the purpose rooms. The weighting was also based on the total area of the rooms with the same purpose.




3.3. Intelligent Forecasting


This research makes use of the AHP decision-making system for the comprehensive evaluation of the indoor environment, and a Microsoft Delphi-based IEQ intelligent forecasting software simulations package was developed (Figure 3) [45]. This software played an essential role in the verification of the environmental assessment methods [34]. For example, in Figure 3a, the forecasting software first analyzed the historical meteorological data of Shanghai belonging to this case, including temperature, relative humidity, air pressure, wind speed, etc. Furthermore, a comprehensive assessment of the thermal comfort, IAQ, acoustic, and lighting indexes and their environmental impacts, as well as a database of environmental conditions, building materials and construction properties, were input in the software in Figure 3b [29,34].



The indoor environmental assessment, the main component of the software, includes three main parts: detection, evaluation, and improvement (Figure 3b). The evaluation part includes testing, which involves elements of standards, instruments, personnel, testing systems, and other aspects of the input elements. The evaluation part includes time, place, and the corresponding assessment model. The improvement part includes the eco-building itself. Finally, the data in Table 4 were calculated in the model, and the evaluation conclusion was obtained (Figure 3b). In Figure 3b, measurements of indoor environmental variables, such as indoor air quality pollutants, air temperature, relative humidity, air velocity, luminance, and a-weighted sound pressure level, are listed.





4. Discussion


The comprehensive evaluation of the indoor environment using the AHP decision-making system can make indoor environmental impact assessments more quantitative. For example, considering all kinds of factors such as sound, light, heat and IAQ, the selection of indexes and their grading, the selection of indexes is comprehensive and operable. According to the indoor environment characteristics of the different functional rooms in the case study and the different degree of the influence on the human body of the environmental factors, the weight of each factor in evaluating the indoor environment was determined. The analytic hierarchy framework effectively adjusts the priority weighting evaluation system and makes the assessment results more reasonable. The analytic hierarchy process (AHP) was used to obtain the corresponding weights of the indoor environment, and then the classes with weights lower than 0.1 were removed. Finally, the classes that needed to be considered in the evaluation of the indoor environment were obtained, which were, in order of weight, IAQ (0.286), thermal comfort (0.142), acoustic environment (0.286), and light environment (0.286).



There are some limitations to this study. For example, in order to keep these results reasonable, some factors that can affect the assessment should be paid attention to. For example, physical measurements of acoustics and light environments will continue to be limited to relatively inexpensive, accurate, and widely available ranges, which provide minimal and necessarily different images of indoor environments and surveys of their actual users. Secondly, a complete evaluation system needs to be based on a standardized data acquisition method, and only on this data basis can there be a comparison between the objects evaluated. Thirdly, AHP decision-making is an evaluation framework to study the process of dynamic change, which requires a large quantity of data. Therefore, in the future, it is necessary to continue to study more data fom field measurements and subjective questionnaires from local office buildings to obtain better AHP decision-making results. As the main tool for analyzing the input data, the comprehensive evaluation software, needs to be updated with the updated measurement data or questionnaire data.




5. Conclusions


To better measure and assess their health effects and take an innovative applications study on new green building techniques, the paper presents an optimal classification and priority weight method to perform the indoor environmental health assessments of eco-buildings.



This paper describes that the optimal classification and priority weight methods are effective methods to evaluate the indoor health quality of eco-buildings. These methods were used to set up the strategic decision-making evaluation system for computing the indoor environment index (IEI) risk ranking of eco-buildings. The following lists the main conclusions: (1) An analytic hierarchy process (AHP) strategic decision-making system was set up to provide a quantitative method to evaluate the health situation of eco-buildings and to promote their strategic risk rankings. (2) The optimal classification and priority weight methods were used to evaluate IEI risk ranking. IEQ parameters accounted for the IAQ (IAQi), thermal comfort (TCi), acoustic (ACi), and lighting quality (Li) indexes. Numerical values of IEQ improvement in the Shanghai case study were 83 for an office and 85 for a house. (3) A Microsoft Delphi-based IEQ intelligent forecasting software simulations package was developed. Moreover, (4) An indoor environmental comprehensive assessment was verified by a case study in Shanghai to demonstrate its innovative applications. The case study in Shanghai, including the above optimal classification and priority weight methods, was developed to facilitate the AHP decision-making process. It could serve as a multi-level IEQ assessment framework.



A better IEQ can guide the further use of some new advanced intelligent integrated control systems in eco-buildings. This new indoor environmental impact assessment framework can repeatedly test the sustainability and health level of eco-buildings until better environmental quality is achieved.
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Figure 1. Indoor objective thermal index evaluated score results. 
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Figure 2. Indoor environmental index (IAQ, thermal, acoustic, lighting, and comprehensive index) evaluated score results. 
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Figure 3. The Microsoft Delphi-based IEQ simulation tool of IEQ comprehensive health assessment: (a) database; (b) modeling results. 
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Table 1. Priority Weight Matrix.
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	Standard
	M1
	M2
	M3
	Mn
	Priority Weight, W





	M1
	P11
	P12
	P13
	P1n
	W1



	M2
	P21
	P22
	P23
	P2n
	W2



	M3
	P31
	P32
	P33
	P3n
	W3



	Mn
	P41
	Pn2
	Pn3
	Pnn
	Wn
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Table 2. Various environmental health assessment index classifications and weighting.
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Index

	
Unit

	
Health Classification

	
Weighting




	
40

	
60

	
80

	
100






	
IAQ Parameters

	
Calculated

	
Average




	
PM10

	
mg/m3

	
≤0.26

	
≤0.15

	
≤0.09

	
≤0.04

	
0.072

	




	
CO2

	
ppm

	
≤1500

	
≤1000

	
≤800

	
≤600

	
0.020

	




	
CO

	
mg/m3

	
≤15

	
≤10

	
≤8

	
≤5

	
0.292

	




	
TVOC

	
mg/m3

	
≤3

	
≤0.6

	
≤0.3

	
≤0.2

	
0.292

	
0.286




	
HCHO

	
mg/m3

	
≤0.12

	
≤0.10

	
≤0.05

	
≤0.03

	
0.292

	




	
Bacteria

	
cfu/m3

	

	
≤2500

	

	
≤500

	
0.032

	




	
Acoustic Parameters

	




	
Leq24H (24 hours)

	
dB(A)

	
≤55

	
≤50

	
≤45

	
≤40

	
1

	




	
Leq D (day time)

	
dB(A)

	
≤59

	

	
≤56

	
≤53

	
≤50

	




	
LAeq (eco-meeting room)

	
dB

	
≤55

	
≤50

	
≤45

	
≤40

	
0.33

	
0.286




	
T60 (eco-meeting room)

	
s

	
0.4–0.5

1.2–1.5

	
0.5–0.6

1.0–1.2

	
0.6–0.7

0.8–1.0

	
0.7–0.8

	
0.33

	




	
RASTII (eco-meeting room)

	

	
≥0.30

	
≥0.45

	
≥0.60

	
≥0.75

	
0.33

	




	
Thermal Comfort Parameters(ISO 7730 and ASHRAE 55)

	




	
Indoor air temperature (summer)

	
℃

	
≤29

≥21

	
≤28

≥22

	
≤27

≥23

	
≤26

≥24

	
0.17

	




	
Indoor air temperature (winter)

	
℃

	
≤27

≥16

	
≤26

≥17

	
≤25

≥18

	
≤24

≥19

	
0.17

	




	
Indoor air temperature (spring & autumn)

	
℃

	
≤28

≥20

	
≤27

≥21

	
≤26

≥22

	
≤25

≥23

	
0.17

	
0.142




	
RH(relative humidity)

	
%

	
≤90

≥30

	
≤80

≥35

	
≤70

≥40

	
≤60

≥45

	
0.17

	




	
Air velocity

	
m/s

	
≤0.45

	
≤0.30

	
≤0.25

	
≤0.15

	
0.17

	




	
PMV on the 7-point scale

	

	
≤2.0

≥−2.0

	
≤1.5

≥−1.5

	
≤1.0

≥−1.0

	
≤0.5

≥−0.5

	
0.5

	




	
Lighting Parameters

	




	
Average illuminance

	
lx

	
>300

	
>400

	
>500

	
0.5

	




	
Uniformity ratio of Illuminance

	

	
>0.7

	
>0.8

	
>0.9

	
0.5

	




	
Average illuminance

	
lx

	
>500

	
>600

	
>750

	
0.5

	
0.286




	
Uniformity ratio of Illuminance

	

	
>0.7

	
>0.8

	
>0.9

	
0.5

	




	
Color temperature

	
General office and meeting room

	
Between 3300 K and 5300 K, additional point




	
Ratio of daylight-use

	
At working face Cmin ≥ 2%, additional point




	
Brightness (for rooms with VDT)

	
The brightness of lamps at the 60, elevation of the frontage of the viewpoint, is between 200 and 1000 cd/m2, additional point
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Table 3. The weighting of IEQ parameters compared with the literature.
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	Parameters
	Weighting
	Cao et al. [26]
	Ncube & Riffat [28]
	Ã & Li [38]





	IAQ
	0.286
	0.38
	0.36
	0.25



	Acoustic
	0.286
	0.27
	0.18
	0.24



	Thermal
	0.142
	0.14
	0.16
	0.19



	Lighting
	0.286
	0.21
	0.30
	0.31
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Table 4. Indoor environmental data summary.
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Parameters

	
Index

	
Data Number

	
Data Range

	
Average (Office)

	
Average (House)

	
X± s






	
IAQ

	
HCHO (mg/m3)

	
109

	
0.02–0.32

	
0.09

	
0.07

	
0.13 ± 0.07




	
TVOC (mg/m3)

	
109

	
0.01–1.20

	
0.02

	
0.02

	
0.31 ± 0.25




	
C6H6 (mg/m3)

	
109

	
0.00–0.11

	
0.01

	
0.02

	
0.0140 ± 0.018




	
NH3 (mg/m3)

	
109

	
0.00–0.19

	
0.16

	
0.15

	
0.10 ± 0.23




	
Radon (Bq/m3)

	
49

	
0.07–0.12

	
0.02

	
0.01

	
0.09 ± 0.01




	

	
temperature (°C)

	

	

	
18–16

	

	
17 ± 0.1




	
Thermal

	

	

	

	
0.6

	
0.6

	




	
Acoustic

	

	

	

	
0.8

	
0.6

	




	
Lighting

	

	

	

	
0.8

	
0.6
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