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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Water shortage is one of the basic problems of
Received 2022/12/17 today’s world and it has various consequences in the supply of suitable water for
Revised 2023/02/02 iliving organisms and related environmental crises. Due to the lack of proper use of water
Accepted 2023/04/16 §resources by humans and due to changes in weather conditions, if this amount of water
Available Online  2024/08/26 i consumption continues for a long time, it can lead to the destruction of entire habitats.
i Although educational spaces have a smaller share in the city per capita, but paying attention
Keywords: gto the approach of sustainable architecture in schools has a special place. The present study
LEED Evaluation System iwas conducted with the aim of identifying the components affecting the water efficiency
Water Efficiency {index in the sustainability assessment system (LEED), studying how and the mesasure of
Sustainable Architecture ithe impact of each component and achieving a model for the water efficiency index in a
Educational Spaces i semi-arid climate. In the “water efficiency” index, Lead investigated the components of:1-

%reduction of drinking water consumption in the site, 2- use of innovative technologies in
§the wastewater sector, 3- reduction of water consumption inside the building and 4- water
i consumption reduction process, and for compliance with each The item assigns a point. In
itotal, 11 points from 110 total points in Leed belong to the “water use productivity” index
oo ahe arecle amiine i components. The purpose of the “reduction of potable water consumption in the site
i component” is to limit or eliminate the use of potable water or other natural surface or
i underground water sources available on the site or around the project site for irrigation
i of the site. The reduction of drinking water consumption in the site is investigated in 2
%options: option 1: 50% reduction in Potable water consumption for irrigation (2 points).
i option 2: Non-use or very little use of potable water in irrigation (4 points). The objective of
i the component “use of innovative technologies in the wastewater sector” is to reduce the
i production of wastewater and reduce the use of potable water while increasing the local
%aquifer reserve. Although the title of this component shows that it is related to sewage, in
ifact, the issues raised in it are somewhat broader and it addresses two solutions: option 1:
i The drinking water used to be transferred to the sewage system should be reduced by at
i least 50% using saving equipment in drinking water or non-potable water. option 2: At least
Number of References 50% of the (used) water is purified on site according to the standards and then used on the
12 i site or purified to infiltrate the underground aquifers again. The purpose of “reducing water
i consumption in buildings” is to increase water use efficiency inside buildings in order to
i reduce the burden on urban water supply and sewage systems. 30% reduction in the use of
i potable water in the building leads to obtaining 2 points. A reduction of up to 35% brings an
Number of Figures %additional point, and a 40% reduction in potable water consumption is the final point. And
12 i The purpose of “water consumption reduction process” is to maximize water use efficiency

{inside buildings to reduce the load on urban water supply and sewage systems.

ETHODS: The theoretical basis of this research is using library documents and the
research method is conducted through case study. In the research carried out, 160
ischools worldwide from the BSK climate (semi-arid climate) according to the climate
classification of the coupon and from the countries of America, Mexico, Spain, Turkey and
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-China and from the four levels of Leed certification (platinum, gold, silver and certified)
were selected based on the 2009 version of Leed. Then their information was collected
and the points received in their Leed checklist were entered into SPSS 22 software for
analysis with factor analysis method. Due to the fact that the current research has several
subjects, therefore, the COMPUTE VARIABLE command was used to define a new variable
and categorize the data based on it. Then, with the entry of information related to new
variables, in AMOS software, these variables were converted into a model so that with its
help we can obtain the relationship of the variables in the “water use productivity” index
with each other. Also, with the help of the relationships obtained from this model, the
importance and weight of each component in the indicators was determined, and this
information helps us to analyze the data and find the results in the continuation of the
research process.

INDINGS: The findings show that the three variables of using innovative water and

wastewater technologies, reducing the consumption of drinking water in schools and
increasing the efficiency of irrigation in the school grounds are effective in the water
efficiency index. Also, the variable of using innovative water and sewage technologies is
the most effective variable to increase water efficiency, respectively, has 71 and 54% of
the impact is on reducing drinking water and irrigation systems consumption in schools.
The purpose of using innovative technologies in the wastewater sector is to “reduce
wastewater production and reduce drinking water demand while increasing local aquifer
storage.” To reduce the production of wastewater and reduce the transfer of drinking
water used to the wastewater, there are various strategies that can be used to reduce the
production of sewage and consumption of drinking water. The most important strategies
used in the study and review of these 160 schools are: 1- sewage treatment 2- using
filtration systems 3- using solutions to reduce runoff 4- storm water management and
5- using water saving equipment. In the meantime, the solution to using water saving
equipment has the most impact.

ONCLUSION: According to research, replacing low-consumption flash tanks with

normal flash tanks has led to a 15% reduction in water consumption, and the gray
water can be reused with a simple treatment for landscape and vegetation irrigation, flash
tanks, and uses that do not require drinking water and by using alternative water sources
such as absorbing well water, treated sewage and rain water, water needs can be met.
Therefore, the use of water saving devices (such as washrooms, ambulatory washroom) or
non-potable water (such as collected rainwater, recycled gray water, and on-site treated
wastewater) decreases transfer drinking water consumption to the building’s wastewater.
According to the results obtained from the present research, in the next step, it is
possible to localize the methods of increasing “water productivity” by examining the laws,
guidelines, regulations and design criteria in Iran.

HIGHLIGHTS:

- Investigating the characteristics of schools based on the LEED evaluation system.

- Using AMOS software to obtain a model to express the most influential components.
- Obtaining the wastewater treatment component as the most effective component.
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Table 1. Scoring procedure in the water efficiency index at the schools LEED system

Score Water efficiency Sections score Considerations and how to score
11 1.Water Efficient Landscaping
Water Efficient 4 Credit 1.1 Reducing the consumption of drinking water for irrigation of the 2 Point
Landscaping landscape up to 50%
Credit 1.2 Reduction of drinking water consumption from 50% to 100% 2 Point
2. Innovative Wastewater Technologies
Innovative Wastewater 2 Credit 2.1 Reducing the consumption of drinking water for building 1 Point
Technologies wastewater by 50%
Credit 2.2 Treatment of 50% of the wastewater on site 1 Point
3. Water Use Reduction
Water Use Reduction 4 Credit 3.1 30% reduction in drinking water consumption in the building 2 Point
Credit 3.2 30-35% reduction in drinking water consumption in the building 1 Point
Credit 3.3 35-40% reduction in drinking water consumption in the building 1 Point
4. Process Water Use Reduction
Process Water Use 1 To acquire this credit, buildings should fulfill the following criteria: 1 Point

Reduction

- consuming less than or equal to the amount of water determined by the LEED
rating system for household appliances
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Fig. 3. Drip irrigation (in this type, the irrigation
efficiency is 90%, while the efficiency in rain irrigation
is usually around 63%)
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Fig. 8. Freestanding toilet (it is installed on the wall
and has an automatic or manual siphon. Freestanding
toilets are a good solution for crowded public toilets for
men because they are quick to use, take up less space,
and save water)

Fig. 9. Pre-rinse spray valves (often used in commercial
spaces and institutional kitchens to remove food
residue before washing dishes. By using a high-
efficiency pre-rinse spray valve, in a commercial or
institutional kitchen, more than (saved $110 in energy
and water costs)
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Fig. 5. Reuse of purified storm water in cases such as
watering plants, washing, etc.

Fig. 6. Water purification pitcher filter includes a
combination filter of fibers and active carbon that can
catch mud, sediments and water taste
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Fig. 7. Purification of stormwater runoff through ponds
to remove pollutants and sediments from surface
runoff

ol J515 50 0T & pao Lials ¥ ailge
Sl €z lo o Ol Byae Lials) 5l Baa
2L Giels cgz lapleais b J51s 50 O (590 20
Yool e Lol Glapiw 5 5 o el
ool oyi B O jlesliiul jo ol sy
Ao YO L ials oed oo sl Y A3 an oo
Go—o,0 Fo als g oyl ol po any ,3adlsl jLcl SO
S dmy (ol Sl vy B T By o
Sl By ae e phall il g Mo e
S L ollan) ety il S 53 oyt 6



VAN T ) colonio /1 ko - 10 0499 1 Fo ¥ (ol g ket

eer 203 s 31 030! b T S pao S, G131 g sige Jolge I

Table 2. Characteristics of the utilized equipment (LEED, 2009 for schools)

Equipment Type Maximum Water Use Other Requirements

Clothes Washersl 7.5 gallons/ft3/cycle

Dishwashers 1.0 gallons/rack

Ice Machines2 Lbs /day>175 No water-cooled machines
20 gallons/100 lIbs
Lbs/day<175

30 gallons/100 Ibs

Food Steamers 2 gallons/hour Boiler less steamers only

Pre-Rinse Spray Valves 1.4 gallons/minute

Pound (Ibs) is a symbol of a unit of mass used for the weight or mass of an object. It is equivalent to 0.45359237 weight.
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Fig. 11. Scree plot diagram of “Water Efficiency” index
(SPSS 22)
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Fig. 10. A sample of Scores obtained by one of the
schools
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Table 3. Rotated matrix of water efficiency component

Components Components

3 2 1
Innovative wastewater technologies -0.088 0.133 0.88
RP.WE2 0.125 0.147 0.864
Reducing water consumption in the building -0.212 0.862 -0.15
Reducing water consumption in the area 0.409 0.667 0.138
RP.WE3 0.063 0.584 0.33
RP.WE1 0.696 0.169 0.482
Operation to reduce water consumption -0.675 0.145 0.465

Table 4. Titles of “Water efficiency “ index variables

Variables obtained from the software The components of each variable Impact rate
Factor 1 Innovative Innovative wastewater technologies (WEc2) 0.88
techgolog:es V‘;ate" Innovative wastewater technologies 0.864
é‘ and wastewater (Extra points) (RP.WEc2)
= Factor 2 Reducing water Reducing drinking water consumption in buildings (WEc3) 0.862
] consul;nplt(;t_): inthe " Reducing drinking water consumption in the area (WEc1) 0.667
uildi
g 9 Reducing drinking water consumption in the building 0.584
= (Extra points) (RP.WEc3)
Factor 3 Increase efficiency Reducing the consumption of drinking water in the area 0.696
irrigation of the area (Additional points) (RP.WEc1)
Operation to reduce water consumption (WEc.sch4) -0.675
el lo s S sleiyig A Jooz
Al A Jgoz Golle aas o olid 1) ol (5,90 4
50 e ] o BB )0 Eon 090 (L prie
el VADY LG jlade aS o ls
Table 8. Regression weights of “Water Efficiency
% index variables
-a) Estimate S.E. C.R. Degree of
q significance
4 9 g Increasing the 0735 0119 6.190 ok Fig. 12. Model corresponding to “Water Efficiency «
. a =) irrigation index
R < O -
= 5S efficiency of
§ 5 the area
[ .
25 d‘fﬁi‘:ﬁ;’%ﬂ‘t’; 0842 0214 3398 o Table 5. Direct effects of water efficiency variables on
- T ©
g g  consumptionin each other
9 = = the whole Innovative water and wastewater
-1 9 = project technologies
17 . Significance level at 99% level Reduction of drinking water 0.842
1 consumption in the whole project
- Increasing the irrigation 0.735
S I efficiency of the area
Table 9. Variance caused by variables
Estimate  S.E. C.R. Degree of
significance
Innovative water and 066 0066 9975 — Table 6. Indirect effects of water efficiency variables on
wastewater each other
technologies Innovative water and wastewater
Al 1.852 0.186 9.975 HHE technologies
A2 6.007 0.602 9.975 ol Reduction of drinking water 0.00
##%: Significance level at 99% level consumption in the whole project
PR . . Increasing the irrigation 0.00
¢_3| B y—an0 u;;._a:lf» 4 .Io9_3).a w._‘l-).)‘j A2 efficiency of the area

Cawlizo u‘d_a 9 J—ML"SQ «1:335)_:~ JS B ‘S'MLAAJ]
Cmy 350 Lng),._:...o )1)_.5 Ls)_i'.é 6La:).._a...n as

QL:J)LX&A Ny q_;)la )_..i' e Q—.’.‘ JURE SR Table 7. General effects (sum of effects) of water

efficiency variables on each other

L] £oo e Y -
Innovative water and wastewater

technologies

g W US—b o ool s ay Ja O Reduction of drinking water 0.842
. ol . . . K consumption in the whole project
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R R .. Increasing the irrigation 0.735
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Table 10. Total variance expressed of the “Water
efficiency “ index variables

Rotation Sums of Squared Loadings

Component  The sum of the % The sum of the
weights of the ~ Variances weights of the
components components
1 2.098 29.971 29.971
2 1.618 23.121 53.092
3 1.178 16.831 69.923

Safe VY Jga = ol oMbl 5 las 0538l oL
CMIN/DF =V0YY P =-¥\- _Sujl, a3l s
«AAA JFI = - aAd GFI= -336 RMR = - A7)
cwl PCLOSE = - ¥\Y RMSEA = ... 0¥ CFl =
il Sl oo 33l slaggesl 4 azrg Ly oS
el odal s 4 Jao g

Table 11. Examining the appropriateness of the water
efficiency model

Model Default Saturated Independence
model model model
P 0.21 0.000
CMIN/DF 1.175 17.182
RMR 0.121 0.00 0.416
GFI 0.995 1.000 0.848
IFI 0.989 1.000 0.000
CFI1 0.988 1.000 0.000
RMSEA 0.054 0.285
PCLOSE 0.317 0.000
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