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1. Background

Jordan is the fourth water poorest country on earth. Demand for water already exceeds
Jordan’s available water resources. Annual per capita water availability has declined from
3600 cubic meters per year in 1946 to around 145 cubic meters per year in 2008. Water
demand is currently estimated at around 1530 MCM versus 870 MCM of water resources.
The demand is projected to increase to around 1670 MCM by 2022. The high water shortage
has caused a drastic over-abstraction of the groundwater aquifers that are pumped at two
folds the safe yield. On the other hand, Jordan’s stability, tourism attraction, quality of
business and health services make it as a prime regional hub for investment. This
challenging situation provides a great opportunity for the introduction of the most effective
water demand management tools.

Water Demand Management in Jordan started from the bottom of the pyramid
concentrating on educating and convincing the public about the need and benefits of water
efficiency, then moved up to work with the institutions to develop water demand
management policies, institutionalizing WDM; developing standards, codes and regulations;
and introducing technologies and Best Management Practices. Water Audits are one of the
tools and Best Management Practices that determine water use patterns for the various
consumer categories, and identify water saving opportunities.

Within the scope of Activity 1, "Institutional Capacity for Water Demand Management",
IDARA profiled large Institutional and Commercial categories in Amman (Figure 1) and
recommended to audit and conduct end use analysis for five of these categories. These IC
categories are health facilities, government office buildings, schools and universities, hotels
and mosques. This report presents the end use analysis for 14 schools and universities with
details about the methodology and approach, assumptions, water use evaluation for each of
the audited educational facilities, conclusions and recommendations.

Others
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38%

Diplomatic
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Figure 1: Institutional and commercial billed consumption by Category.



2. Objective

The main objectives of the end use analysis are summarized below:

1. Establish water use patterns in each of the selected facilities.

2. Determine opportunities to reduce water use.

3. Quantify potential savings as a result of adoption of water use efficiency measures.
4. Establish cost and payback for potential measures.
5

. Establish Water Use Baseline to obtain realistic estimates of future water demands

3. Approach and Methodology
3.1 Overall Methodology

The water use at schools could reasonably be divided into three categories: plumbing,
cleaning, and irrigation use. Some facilities had kitchens, swimming pools, and water
softening uses.

The information that was gathered from the audited facilities, including water usage, was
tabulated and imputed into a “water model” developed by Water Management, Inc. The
“model” is a series of excel spreadsheets that are linked together. The calculations for each
facility are based on data gathered from the site audits and from engineering calculations for
each of the areas represented. In very broad terms, indoor water use is based on population
and flow rates of fixtures; and irrigation use is based on the surface area being irrigated, the
evapotranspiration rate for the area, and type of plants.

Performing an audit of water use within a facility requires a number of estimates, based on
the site visits and the interviews with the staff, below are the steps followed for each of the
audits:

1. Complete an initial survey form prior to the site visit (See Appendix A for a copy of the
audit form),

2. Conduct site visit interviews with staff to confirm the information in the survey form
and to obtain additional data on levels of activity in individual departments,

3. Collect water use information from both metered use and water purchased from tank
trucks, if any.

4. Make measurements and set assumptions prior to site visits.
5. Follow-up questions at the end of the site visit.

6. Input data gathered including water use information and fixture counts into the water
model.



3.2 Data Collection
Water Use Data

Gathering potable water use data starts with identifying and recording all water sources
such as metered supplies from water utilities, water supplied by wells and similar self
supplies sources, and tank truck deliveries. This data was collected as part of the initial
survey form sent prior to the visit and was confirmed and modified at the time of the site
visit based on information provided at that time. Usage profile for the sanitary fixtures is
primarily based on two parameters, which are population and the frequency of use of these
fixtures.

3.3 Flow Measurement Collection

Plumbing Fixtures: Faucet and showerhead flow rates were measured using a calibrated
flow bag or the “Bucket and Stop Watch” method. Faucets flow rates were taken by turning
the valve a quarter turn, and collecting water for five seconds. During this process, water
level in the bag was marked reflecting water consumption in liters per minute (Ipm).

The vast majority of the toilet fixtures in the audited schools were “Turkish” style, which
means they have no tank, flush valve, or button-actuated water delivery system. Instead,
users must fill a small bucket (usually 2 liters in volume) and manually clear waste from the
floor basin and drain. This water is also used for personal hygiene in place of toilet paper. As
such, there is no pre-set “flush volume” related to these fixtures. In order to calculate the
water consumed in toilet “flushing” the following information was required, Quantity of
water required for clearing solid and liquid waste, whether the user would “flush” the toilet
after every use, and how much water is used to wash the basin after evacuation. The
measurement of water use in toilets was done either by using a T-5 measuring device that
measures actual volume of water flushed or by examining the tank size and observing the
actual flush. Where tanks were not accessible or flush valves were used, the volume was
estimated based on the make and model of the toilet. Again, a representative sampling of
toilets was measured.

In order to calculate the water consumed in toilet “flushing” the following information was
required, quantity of water required to clear solid and liquid waste, whether the user would
“flush” the toilet after every use, and how much water isused to wash the basin after
evacuation. The measurement of water use in gravity style toilets was done either by using a
T-5 measuring device that measures actual volume of water flushed or by examining the
tank size and observing the actual flush. Where tanks were not accessible or flush valves
were used, the volume was estimated based on the make and model of the toilet. Again,
measurement of water use in a representative sample of toilets was conducted.

Irrigation: - The irrigation water use estimation was based on local evapotranspiration and
rainfall data, vegetation type (shrubs, grass, and trees) and planted area.

Cleaning: A conservative standard is proposed to calculate cleaning water in the audited
facilities. Cleaning water was estimated at 0.125 liters per square meter per week. For
Turkish toilet cleaning the same number was assumed in daily basis, and for gravity type
toilets two flushes per day were allotted for cleaning.



3.4 Auditing Equipment

Following are the auditing equipment used to conduct indoor water use audits:

1.

2
3
4.
5

Graduated Cylinder
Portable timing device
Tape measure

T-5 device to measure flush volumes

Other equipment as needed

Figure 3: Flow bag used for

measurement Figure 2: T-5 device to measure toilet

flush volume

Fiaure 4: Ultrasonic Flow meter

Figure 5: Graduated Cylinder
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4. Assumptions

The following assumptions were developed to calculate the water balance for water uses:

e Unless reported otherwise, staff and students are assumed to use the bathroom once
every 2 hours, 95% of staff and visitors will flush the toilet after use. It is also assumed
that every other visitor of the facility will use the toilet once.

o [tis assumed that 40% of staff, students, and visitors using the toilet will use the bidet or
an accompanying hose for 12 seconds per use.

e Unless reported otherwise, 95% of Students and Staff will use lavatory faucets for hand
washing after each bathroom use at a rate of 6 seconds per use.

e Kitchen faucet use is assumed specifically at each site and is explained in the appropriate
site description.

¢ C(leaning water is calculated at a rate of 0.125 liters per square meter.

11



5. Water Use Evaluation
SCHOOLS
Facility 1

Facility Information

The Facility is a 3,600 m? government school built in 1972. It houses 50 staff members
responsible for 736 students. For 219 days a year staff occupies the building 8 hours daily,
and the students for 7 hours. The school has 12 m? of above ground, rooftop storage and 10
m3 of below ground storage (22 m3 total).

Water Balance and End Use Types

The facility receives water from Miyahuna two days weekly and does not receive extra
tanker water. The annual water consumption was estimated at 2,084 m3.

Two small buildings external to the main classroom building house two public restrooms
with “Turkish” style toilets trigger hoses, and faucets. One structure was locked and
apparently remains out of service. The other public restroom did not have running water to
it and though it was utilized by some students, they were unable to flush the fixtures or
wash their hands. To sanitize the bathroom, the maintenance person attaches a hose
(without a trigger handle) to a faucet in the science laboratory and washes down the fixtures
and floors. As such, a special cleaning consumption value was calculated, estimating that a
19 Ipm hose is used 15 minutes per day to clean the bathrooms at this facility. Therefore, the
audit team understood that all students and staff utilized the staff bathroom which had one
“Turkish” toilet, one gravity tank and bowl toilet, and two faucets. The most important
factor, the flush factor, is dramatically reduced in this case, as students are told by their
parents to have as little contact with school bathroom facilities as possible. Accordingly, a
20% flush factor for student populations was assumed.

The school has approximately 12 kitchen-style faucets spread over a home economics area, a
science laboratory, and two kitchenettes. The average flow rate of these faucets was 11lpm
and all were compression style, meaning they are not self-closing. Staff reported there were
occasions when students leave faucets running as an act of vandalism.

Water use at the school included irrigation and classroom faucet use. The manually irrigated
area is small, consisting mainly of trees and some xeriscape plants that ring the parking lot.
A water balance was generated using assumptions typical to an amalgam of secondary
school assumptions from the U.S. and Jordan. The results of the end use water balance are
illustrated in the Table below.

12



Table 1: End uses of water at facility 1

Facility 1
Types Avg % m?/year

Toilets 56% 1,151
Urinals& Bidets 5% 104
Faucets (Kit and Lav) 27% 548
Cleaning 5% 115
Landscape 3% 62

Others 5% 104
Total 2,084

Landscape Otsl'l/e;rs
Cleaning 3%

5%

Faucets (Kit and
Lav) Toilets

27% Urinal & Bidet 56%
5%

Figure 6: Water use percentages at facility 1.

Recommended Measures

Toilets

Toilets consume the vast majority of water at the facility. The average 4.0 liters per flush (Ipf)
rate calculated attempts to take into account the significant group of users that would flush
“Turkish” fixtures using the spigot and bucket. However, the gravity tanks for both tank
and bowl and “Turkish” tank fixtures use an average of 7 liters per flush. These tanks should
be retrofitted with 6.0 Ipf or less fixed-volume flush mechanisms that prevent an end-user or
maintenance worker from adjusting the amount of water delivered. The facility’s
management could replace the entire fixture (tank for “Turkish” or tank and bowl)
depending on the designed flush volume of the bowl, or swap out the adjustable ball/tower
float in the existing tank for a fixed-volume tower float. Even though the majority of toilets
at the school are “Turkish”, dual-flush tanks could still be utilized to save water. The school
should consider installing 3L/6L dual flush tanks, especially since the tanks observed were

external to the wall and can easily be retrofitted.
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Lavatory & Classroom Faucets

Lavatory faucet flow rates in the restrooms in the main school building averaged 8lpm. The
audit team calculated slightly lower flow rates for student use (6lpm) to account for
bathroom usage outside the main building where there is no running water. Lavatory
faucets had strainers, but not flow controls. Installing pressure-compensating, tamper-proof
units will help prevent aerator obstruction, increase end user satisfaction, and decrease
maintenance issues. The faucets in the public restrooms that are not receiving water service
should also be retrofitted with flow controls to ensure efficiency when service resumes.

Facility one has kitchen-style faucets in classroom areas that average 10 Ipm. These faucets
need to be retrofitted with pressure-compensating, 8.3 Ipm flow controls.

Potential Domestic Savings
Building Domestic Subtotals - Consumption m3/year
(Pre Program)

Toilet consumption per year 1,151
Bidet consumption per year 104
Lavatory consumption per year 274
Kitchen faucet consumption per year 274
TOTAL DOMESTIC CONSUMPTION 1,803

Building Domestic Subtotals - Consumption m3/year
(Post-Program)

Toilet consumption per year 1,093
Bidet consumption per year 104
Lavatory consumption per year 198
Kitchen faucet consumption per year 227
TOTAL DOMESTIC CONSUMPTION POST- 1622
PROGRAM g

Based on the above calculations, if the facility implements the recommended domestic
measures it will reduce consumption by 181 m? per year, which is equivalent to an annual
saving of around 9% of the total water use.
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Facility 2

Facility Information

The Facility is an 18,000 m2 Public Industrial School built in 1952. The building houses 80
staff members responsible for 620 students. For 200 days a year, the staff occupies the
building 8 hours daily, and the students for 7 hours. The school has 42 m? of above ground,
rooftop storage and 50m3 of below ground storage (92 m? total).

Water Balance and End Use Types

The water balance was estimated to be around 2,958 m?3 per year. While the estimated water
balance is almost the same as the billed consumption, the audit of the facility was performed
while students were out of school, so no usage behavior was observed.

Students and staff at the school commonly use bucket for flushing. This leads to lowering
the average flush rates from 8.5-9 Ipf to 6 Ipf to accommodate this behavior.

The school also has a bank of ablution faucets in the main courtyard, where 20%-40% of the
students use for ablution to wash before prayer. Variation in usage regarding these fixtures,
or vandalism related to leaving these compression faucets running at 10lpm could
significantly impact usage.

Most toilets surveyed were “Turkish” style with tanks and spigots/buckets. The tanks had
higher flush rates, upwards of 8-10lpf. However, many teachers and students do not use the
tanks to flush the fixtures, but instead bucket flush. A 6lpf flush rate was factored in light of
this behavioral information. Lavatory faucets had an extremely low average flow rate of
3.6lpm. This was not due to flow restrictors, as most
faucets had only strainers. Water pressure was
measured at 0.7 bars on the ground floor. Faucets
with hot water are supplied by localized hot water
heaters. These units need to be calibrated to
conserve energy and prevent scalding.

Additional water use at the school includes
irrigation. The manually irrigated area is small,
consisting mainly of trees and some xeriscape plants
that ring the parking lot. Other non-lavatory faucets
were found in some classrooms and skills
laboratories. The average flow rate of these faucets
was 10lpm and all were compression style, meaning
they are not self-closing. There was some equipment
that uses water for closed loop cooling; make-up
water for these closed systems is low and therefore
not included in the water balance. The results of the
end use water balance are illustrated in the Table Figure 7: Turkish toilet
below.

15



Table 2 : End uses of water at facility 2

Facility 2

Types Avg % md/year
Toilets 72% 2,082
Urinals & Bidets 1% 50
Faucets (Kit and Lav) 18% 545
Cleaning 7% 208
Landscape 2% 57
Others 1% 16
Total 2,958

Cleaning Landscape Others

2%

Faucets (Kit and Lav) 7% 1%

18%

Urinals & Bidets

1% Toilets

72%

Figure 8: Water use percentages at facility 2

Recommended Measures

School staff informed the audit team that they were concerned the main 50m? underground
storage tank had a leak. Even small leaks to tanks, especially of such a size, can cost
thousands of liters of water per year. The facility needs to explore leak detection methods
that are cost appropriate. Perhaps the easiest way to test for leakage would be to valve off
the tank and take water depth measurements. This will not quantify leak amounts and slight
leaks may not visually reveal themselves over a 12 or 24 hour period. The school could
meter the pipe leaving the tank to the school and compare that consumption to the utility
consumption. Theoretically, the amount of difference would be leaking water. However,
there is question that the meter from which the school is billed is not correct, so using that
meter to judge leaks is not prudent. Furthermore, small leaks may go undetected by larger
water meters that do not record small flows. Ideally, the main site meter should be replaced
with a compound meter that will record low flows before attempting to judge leakage.

Toilets

Toilets consume the vast majority of water at the school. The average 6.0 Ipf rate calculated
by attempts to take into account the significant group of users that would flush “Turkish”
fixtures using the spigot and bucket. Make no mistake however, the gravity tanks for both
tank and bowl and “Turkish” tank fixtures use an average of 9.5 liters per flush. These tanks
should be retrofitted with 6.01pf or less fixed-volume flush mechanisms that prevent an end-
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user or maintenance worker from adjusting the amount of water delivered. The school could
replace the entire fixture (tank for “Turkish” or tank and bowl) depending on the designed
flush volume of the bowl, or swap out the adjustable ball/tower float in the existing tank for
a fixed-volume tower float.

Even though the majority of toilets at the school are “Turkish”, dual-flush tanks could still
be utilized to save water. The school should consider installing 3L/6L dual flush tanks,
especially since the tanks observed were external to the wall and easily retrofitted.

Kitchen Faucets
These faucets are compression faucets that flow at 91pm, opened at a quarter. The school
should consider installing 8.3 Ipm faucet aerators which would result in 8% saving.

Potential Domestic Savings
Building Domestic Subtotals - Consumption m3/year(Pre Program)

Toilet consumption per year 2,082
Bidet consumption per year 50
Lavatory consumption per year 126
Kitchen faucet consumption per year 419
TOTAL DOMESTIC CONSUMPTION 2,677
Building Domestic Subtotals - Consumption myear (PostProgram)
Toilet consumption per year 1,388
Bidet consumption per year 50
Lavatory consumption per year 158
Kitchen faucet consumption per year 387
TOTAL DOMESTIC CONSUMPTION POST-PROGRAM 1,983

Based on the above calculations, if the facility implements the recommended domestic
measures it will reduce consumption by 694 m? per year, which is equivalent to an annual
saving of around 23% of the total water use.
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Facility 3

Facility Information

This facility is a private school which was built in 1995. It has an enrollment of 1,300
students, 50% of which are male. There are 100 staff; 80% teachers and 20% administration.
None of the students live on campus; however there are four flats for visitors. The school is
in operation for 190 days.

Water balance and End Use Types

Around 18,936 m3 is consumed on school premises annually. The school is located outside
Miyahuna service area. It receives tankers water on a regular basis, about 2 tankers per day
with a capacity of 21 m? each. In addition the school has nine water harvesting storage tanks
/cisterns on campus ranging in capacity between 700 m3 and 1500 m?.

The school uses softeners, it was determined that for every 12 m3 produced from softeners,
4m3 will be discarded. All softener reject water goes back to the water harvesting storage
tanks/cisterns. All landscape is irrigated using harvested rainwater water after mixing with
softener reject water. Wastewater collected in septic tanks and hauled by tankers. The
school is charged JD 1.67 JD for hauling 1 m? of wastewater and JD 2.08 per 1 m? of water
purchased from tankers. This implies that each m? of water costs a total of JD 3.75 JD. There
is a full cafeteria that serves 40 full meals for the staff and 200 meals to the children. The
meals are served on washable dishes. There are no automatic dishwashers; all dishes are
washed by hand. The school has two air cooled chillers. Hot water temperature for faucets
and showers was recorded as 54°C. Water is heated by a diesel boiler.

Faucet flow rates were measured at 11.4 Ipm for a faucet in kitchen to 6 Ipm and 9 lpm flow
for 2 faucets in bathrooms. Toilets were 6L wash down units that measured 7 to 7.5 L per
flush. Some units could allow for continuous flow if button is held down.

There are two swimming pools at the School, a semi-Olympic pool with a capacity of 900 m?
(25mx15mx2.5) and a kid’s pool with a capacity of 90 m3. The ambient temperature in pool
area is maintained at 25°C; the pools have a separate boiler. Approximately 21 m3 is added
to large pool every 7 to 10 days. There are four 200 liter sand filters for the large pool and
one sand filter for the kid’s pool. Backwash for sand filters is performed 2 times/week for
each of the pool’s filters for 5 -10 minutes.

Working up a water balance for the school was difficult because of all of the differing
systems that are in place. Irrigation water is listed in the water balance even though this
water is harvested from rain water and from the softener and other processes. The results of
the end use water balance are illustrated in the Table below.

18



Table3 : End uses of water at facility 3

Facility 3
Types Avg % m?/year
Toilets 36% 6,750
Urinals & Bidets 5% 991
Faucets (Kit and Lav) 13% 2,401
Cafeteria 2% 456
Swimming Pool & Jacuzzi 6% 1,050
Softeners /RO/ Filtration 13% 2,478
Landscape 15% 2,850
Cleaning 4% 675
Others 7% 1,286
Total 18,936

Others, 7%

Cleaning, 4%

Landscape, 15% Toilets, 36%

Softeners /RO/
Filtration, 13%

Urinals & Bidets, 5%

Swimming Pool
Jacuzzi, 6%  Cafeteria, 2% Faucets (Kit and
Lav), 13%

Figure 9: Water use percentages at facility 3

Recommended Measures

Toilets

Toilets consume the vast majority of water at the facility (36%). However, the gravity tanks
at the school use an average of 7 liters per flush. These tanks should be retrofitted with 6.0lpf
or less fixed-volume flush mechanisms that prevent an end-user or maintenance worker
from adjusting the amount of water delivered. To further reduce consumption the
installation of 31/6l flush toilets could be considered.

Lavatory & Kitchen Faucets

Lavatory faucet flow rates in the restrooms in the main school building averaged 7.51pm.
Lavatory faucets had strainers, but not flow controls. Installing pressure-compensating,
tamper-proof units will help prevent aerator obstruction, increase end user satisfaction, and
decrease maintenance issues. As for the kitchen faucets, the school should consider installing
8.3 Ipm faucets. Additionally some savings can be achieved by retrofitting the bidets with
4.5 Ipm flow controls.
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Potential Domestic Savings
Building Domestic Subtotals - Consumption m3/year
(Pre Program)

PROGRAM

Toilet consumption per year 6,749
Urinal consumption per year 12
Bidet consumption per year 977
Lavatory consumption per year 2072
Kitchen faucet consumption per year 328
TOTAL DOMESTIC CONSUMPTION 10,141
Building Domestic Subtotals - Consumption m3/year

L ) —
Toilet consumption per year 3,827
Urinal consumption per year 12
Bidet consumption per year 244
Lavatory consumption per year 1,244
Kitchen faucet consumption per year 239
TOTAL DOMESTIC CONSUMPTION POST- 5,567

Based on the above calculations, if the facility implements the recommended domestic
measures it will reduce consumption by 4,573 m3 per year, which is equivalent to an annual

saving of 24% of the total water use.
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Facility 4
Facility Information
This School is a private school that is located in the city of Amman and is composed of three
buildings with the ground surface area totaling 6,000 m2. The structure was built in 1974 and

has a staff of 208 employees that work 8 hour shifts 210 days a year. The school gets an
average of 30 visitors a day and 1,237 students attend the school 190 days per year between

the hours of 7am to 3pm.

Water Balance and End Use Types

This facility annual water consumption was estimated at 2,317 m3. The school’s bathrooms
contain 40 western type toilets that flush at 4.85 liters per flush (Ipf). There are 30 hand
washing lavatories with an average flow rate of 6.02 Ipm. During the walk through of the
auditors, it was observed that all the faucets needed aerators. The school has five small
drinking fountains running at 0.480 lpm that use a reverse osmosis treatment making 30

liters daily.

The school has a small garden with trees, shrubs, and flowers which is watered with a hose
during the summer months for one hour daily and in the winter months twice per week at
the rate of 9 Ipm. There are 74 m? of turf and 800 m? of flower beds.

The results of the end use water balance are illustrated in the Table below.

Table 4: End uses of water at facility 4

Facility 4

Types Avg % m’/year
Toilets 55% 1,281
Faucets (Kit and Lav) 13% 302
Cleaning 17% 402
RO/ Filtration 7% 151
Landscape 8% 177
Others 0% 5
Total 2,317

Landscape, 8%  Qthers, 0%

RO/Filtration, 7%

Cleaning, 17%

Toilets, 55%

Faucets (Kit and
Lav), 13%

Figure 10: Water use percentages at facility 4
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Proposed Measures

Toilets
Even though the facility’s toilets are not high consumers of water with an average flow rate
of 4.85 Ipm, the facility could still reap some savings by installing (31/61) dual flush toilets.

Lavatory & Kitchen Faucets

Faucet flow rates can be reduced by retrofitting lavatory faucets with pressure-
compensating 4.5 Ipm flow controls, the facility could also save energy costs associated with
hot water production and boiler operation. In addition, the bidets at the school should be
retrofitted with 4.5 Ipm flow controls.

Irrigation

The school should consider the installation of a smart irrigation system and controller.
Automating irrigation based on soil moisture sensor monitoring and weather data will
reduce consumption. During the rainy winter months, the soil moisture sensors will prevent
the controller from watering already moist soil.

Potential domestic savings
Building Domestic Subtotals - Consumption maear (Pre
Program

Toilet consumption per year 1,281
Lavatory consumption per year 302
TOTAL DOMESTIC CONSUMPTION 1,583

Building Domestic Subtotals - Consumption maear (Post-

Program

Toilet consumption per year 1,057
Lavatory consumption per year 225
TOTAL DOMESTIC CONSUMPTION POST-PROGRAM 1,282

Based on the above calculation, if the school implements the above recommended domestic
measures it will save around 300 m? of water per year, which is equivalent to 13% of the total
water use.
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Facility 5

Facility Information

This school is a public school which was built in 1950 and has a built area of 2,482 m2. The
total surface area of the school’s property is 3,876 m2 The school has 50 employees that work
8 hours a day, 194 days a year, and has 1,100 students of varying ages that occupy the school
for 6 hours a day, 194 days a year. There is also an average of 10 visitors to the school each
day.

Water Balance and End Use Types

The annual water consumption was estimated at 1,218
m3. The school’s bathrooms are primarily equipped
with Turkish-style toilets that flush at 6 Ipf, but there is
also one western-style toilet used by staff that flushes
around 4.0 Ipf. There are 6 hand washing lavatories
that operate at 4.4 Ipm. There are also 12 hand hose
faucets with 4.2 Ipf flow rates.

The school has one kitchen break room that is used to
make tea, coffee, and small snacks. It is equipped with
one kitchen sink that is used to clean any dishes. The
school uses two small reverse osmosis systems to
provide clean water for drinking fountains and for the
kitchen.

Figure 11: Ablution faucet at facility five

Outdoor, the school has some landscaping —95 m?—that
is irrigated manually by a hose with a flow rate of Ipm.

The results of the end use water balance are illustrated Figure 12: Kitchen sink at in
the Table below. facility five.
Table 5: End uses of water at facility 5
Facility 5
Types Avg % m?/year
Toilets 67% 817
Faucets (Kit and Lav) 12% 152
Cleaning 4% 44
RO/ Filtration 1% 12
Landscape 13% 160
Others 3% 33
Total 1,218
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Landscape Others
13% 9

RO/Filtration
1%
Cleaning

4%

Toilets
67%

Figure 11: Water use percentages at facility 5

The school’s fixtures are already low flow, and therefore no retrofit measures are
recommended
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Facility 6
Facility Information

The School is a private school that is composed of one building with a surface area of 1,500
m2. The structure was built twenty years ago and has 100 employees that work 8 hours a
day, 240 days a year. The school gets an average of 100 visitors a day, and has 3,200
students enrolled in classes.

Water Balance and End Use Types

The annual water consumption was estimated at 14,043 m3. The school’s bathrooms contain
12 western type toilets that flush at 6 liters per flush (Ipf). There are 12 urinals on site that
flush using 1.5 liters per flush. There are also 20 hand washing lavatories that operate at 1.5
Ipm. Water filters are used for drinking water, which produces no reject and are reported to
produce approximately 20 m3 for the facility each day. The school has one swimming pool
with a volume of 6 m3. The pool’s filtration system is set to automatically backwash when it
registers a pressure drop.

The results of the end use water balance are illustrated in the Table below.

Table 6: End uses of water at facility 6

Types Avg % m3

Toilet 71% 10,050
Urinal & Bidet 1% 169
Faucets (Kit and Lav) 5% 637
Cleaning 8% 1,057
Pool Evaporation 6% 780
Pool Backwash 9% 1,350

Total 14,043

ol Backwash, 10%

Pool Evaporation, 6%
|
Cleaning, 8%

Faucets (Kit a
5%

Urinal & Bidet, 1%

Toilet, 72%

Figure 13 : Water use percentages at facility six
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Proposed Measures
Toilets

Toilet tanks should be retrofitted with 3L/ 6L dual flush systems. The resulted savings
could reach up to 33% per fixture.

Urinals
Urinals flush at a rate of 1.5 Ipf, these units should be retrofitted with 1.0 Ipf mechanisms.

Potential Domestic Savings
Building Domestic Subtotals - Consumption m3ear (Pre

Program

Toilet consumption per year 10,050
Urinal consumption per year 169
Lavatory consumption per year 637
TOTAL DOMESTIC CONSUMPTION 10,856

Building Domestic Subtotals - Consumption maear Post-

Program

Toilet consumption per year 6,700
Urinal consumption per year 113
Lavatory consumption per year 637
TOTAL DOMESTIC CONSUMPTION POST-PROGRAM 7,450

Based on the above calculations, if the facility implements the recommended measures it
| will reduce consumption by 3,406 m? per year, which is equivalent to 24% of the total water
use.
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Facility 7
Facility Information
This facility is a public school that is composed of 3 buildings. Each building has a surface
area of 3,500 m2. The total surface area of the school property is 19,500m?2 . The school was
built in 1949, however there have been several upgrades including the current construction

of a new bathroom. The facility has 60 employees that work 8 hours a day, 190 days a year.
The school gets an average of 30 visitors a day and has 1,370 students enrolled in classes.

Water Balance and End Use Types

The annual water consumption was estimated at 727 m3. The school’s bathrooms contain 36
Turkish type toilets that are flushed using 2 liter buckets. There are 20 hand washing
lavatories that operate at 4.8 Ipm. The school’s floor surfaces are cleaned three times a
week, using approximately 2m3 of water each week.

The school has an irrigation system installed using approximately 2m? of water each week,
four months of the year, to maintain 6,000 m? of landscaping that primarily contains trees.

The results of the end use water balance are illustrated in the Table below.

Table 7: End use of water at facility 7

Facility 7
Types Avg % md/year
Toilet 67% 484
Faucets (Kit and Lav) 22% 162
Cleaning 11% 80
Total 727

Cleaning, 11%

Faucets (kit and Lav), 22%
Toilets, 67%

Figure 14: Watr use percentages at facility 7

The school is already equipped with low flow fixtures, and therefore no measures are
recommended.
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Facility 8

Facility Information:

The facility is a girls” school composed of one, three-floored, building with a surface area of
1,038m2. The school was built four years ago, and has 42 employees that work 8 hours a day, 198
days a year. The school gets an average of 20 visitors a day and has 657 students enrolled in
classes.

Water Balance and End Use Types:

The annual water consumption was estimated at 863 m3. The school’s bathrooms contain 15
Turkish type toilets that are flushed using 2 liter buckets, and 2 western type toilets that flush
using 6.1 liters per flush (lpf). Each toilet is equipped with its own spray hose. There are also 11
hand washing lavatories that operate at 3.5 liters per minute. According to staff, the school’s
floors are mopped once a day. The school has one break room for coffee, tea, and small meals,
where all dishes are washed by hand.

The school has very little landscaping, which is watered manually by bucket. During the summer,
approximately twenty-five 12 liter buckets are used to accomplish any watering.

The results of the end use water balance are illustrated in the Table below.

Table 8 : End uses of water at facility 8

Facility 8
Types Avg % m?/year
Toilets 61% 523
Faucets (Kit and Lav) 17% 148
Cleaning 17% 147
Others 5% 45
Total 863
Others

Cleaning

17% 5%

Toilets
Faucets (Kit and 61%
Lav)
17%

Figure 14: Water use percentages at facility 8

The school is already equipped with low flow fixtures, and therefore no retrofits are
recommended.
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UNIVERSITIES

Facility 9
Facility Information:

The University is located south of Amman on the way to Queen Alia International Airport. It is
open all year round and has approximately 8,000 students.

Water Balance and End Use Types:

Average annual water use at the University is approximately 102,200 m3. All of the water is
produced from one well that pumps 35 m3/hour for 8 hours a day. The well water is clean and
does not require any reverse osmosis or other treatments.

Figure 15: External Landscape at the University Figure 15: The University Soccer Field

Much of the green spaces at the University that are watered, are irrigated from reclaimed water
from the onsite wastewater treatment plant. In addition, a considerable amount of fresh potable
water is used from July to the end of September for irrigation purposes. Many ornamental plants
can be found on the grounds of the campus. All of this requires a great deal of water. It is
estimated that approximately 30-80 m?3 of reclaimed water is available daily for reuse from the
waste water treatment. However during the summer months an additional 100 - 130 m3 of “fresh
water” is needed for irrigation purposes. Much of the landscaping on the campus is new and
therefore needs additional watering. Once the landscape is established, this watering is
anticipated to be reduced

Currently a new soccer stadium is being built. At the time of the audit,
the turf had not yet been installed. It is estimated that an additional
50m3 /day of water will be needed in the summer to water this turf.
This will also have to come from potable water supplies.

Domestic fixtures appeared in good condition; however in many of
the restrooms audited, Toilets had used significantly more water than
necessary. The toilet fixtures observed by the audit team were tank
and bowl and most had an accompanying trigger hose for bidet usage.
Toilets observed had flush towers and ball float mechanisms that
dispensed an average of 7.5 Ipf. A few of the newer sections of the Figure 17: Existing Toilet at
campus had dual flush (3L/6L) toilets. the University

Lavatory faucets operated at a wide range of flow rates from 4 lpm to as high as 15 Ipm. The
majority of the faucets flowed at rates in excess of 8 Ipm.
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The results of the end use water balance are illustrated in the Table below.

Table 9: End uses of water at facility 9

Facility 9
Types Avg % m3/year
Toilets 33% 34,067
Urinals & Bidets 3% 2,926
Faucets (Kit and Lav) 6% 5,877
Ablution Faucets 5% 4,800
Showers 10% 9,856
Cleaning 9% 9,520
Landscape 29% 29,589
Others 5% 5,564
Total 102,200
Others
Landscape 5% Toilets

29% 33%

Urinals & Bidets

Cleaning Faucets (Kitand 3%
9% Showers Lav)
10% Ablution Faucets 6%

5%

Figure 16: Water use percentages at facility 9
Recommended Measures
Toilets

Domestic fixtures appeared in good condition; however in many of the restrooms audited, Toilets
had used significantly more water than necessary. The toilet fixtures observed by the audit team
were tank and bowl and most had an accompanying trigger hose for bidet usage. Toilets observed
had flush towers and ball float mechanisms that dispensed an average of 7.5 lIpf. A few of the
newer sections of the campus had dual flush (3L/6L) toilets. These tanks should be retrofitted
with 3L/6L dual flush tanks or single flush 6lpm toilets.

Faucets

Lavatory faucets operated at a wide range of flow rates from 4 Ipm to as high as 15 Ipm.
The majority of the faucets flowed at rates in excess of 8 lpm. These numbers are far too high and
should be reduced through the application of pressure-compensating flow controls. Some of the
lavatory faucets had no strainers or flow controls. Installing pressure-compensating, tamper-proof
will achieve significant savings. In addition, the Bidets should be retrofitted with pressure-
compensating, 4.5 Ipm flow controls.
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Showers
Showerheads should be retrofitted with less or equal to 7.6 Ipm flow restrictors (aerators)
Landscaping

A good idea would be to install a subsurface drip irrigation system, especially that the lawn
system is not yet installed .This would reduce water usage requirements by 60-80%. High water
consumption landscape, especially grass areas need to be replaced by water-wise vegetation

applying xeriscaping principles.
Potential Domestic Savings

Building Domestic Subtotals - Consumption m3/year
(Pre Program)

Toilet consumption per year 34,067
Urinal consumption per year 15
Bidet consumption per year 2,910
Lavatory consumption per year 5,242
Shower consumption per year 9,856
Kitchen faucet consumption per year 635
TOTAL DOMESTIC CONSUMPTION 52,726
Building Domestic Subtotals - Consumption m3/year

(Post-Program)

Toilet consumption per year 17,625
Urinal consumption per year 15
Bidet consumption per year 727
Lavatory consumption per year 3,211
Shower consumption per year 6,810
Kitchen faucet consumption per year 278
TOTAL DOMESTIC CONSUMPTION POST- 28,666
PROGRAM

Based on the above calculations, if the facility implements the recommended measures it will
reduce consumption by approximately 24,060 m? per year, which is equivalent to an annual

saving of around 24% of the total water use.
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Facility 10

Facility Information

The University was established in 1991and its campus lies on a lot of 300,000 m2. The University
was originally composed of two buildings but later expanded to include eleven buildings. In
addition to classroom buildings there are two large cafeterias, a library and an administration
office building. The University has 7,000 students and 700 staff and employees. Seventy percent
of the students are males.

Water Balance and End Use Types

The annual water consumption was estimated at 98,915 m3. The well of the University is 350
meters deep and the pump is at 312 meters. The production rate of the well was 25 m3 per hour
and later dropped down to 7m? per hour. This low output had forced the University to increase
the hours that the well is pumping to 16 hours per day and has also increased its reliance on
tanker water and water from Miyahuna.

The reservoir for the University holds 400m?3, and to increase the storage capacity most of the
buildings have roof top tanks. This has resulted in a pressure drop in the network system and the
fixtures, since the system is not pressurized. It is roughly estimated that the total capacity of all of
the roof top tanks is 50 md.

Figure 19: Roof Top Tanks at the University

Some water (70m?) is reclaimed from the onsite wastewater treatment plant for irrigation of the
soccer field. The soccer field is the only green space at the University that is piped to receive
reclaimed water. As a result other green spaces at the University must rely on potable water as its
source for irrigation water. This is estimated to be an additional 70m? of water during the summer
(approximately 120 days).

32



Figure 17: Soccer field and wastewater treatment plant,
reclaimed water is piped from plant to field for irrigation

Domestic fixtures appeared in good condition; however in many of the restrooms audited, Toilets
had used significantly more water than necessary. The toilet fixtures were tank and bowl and
most had an accompanying trigger hose for bidet usage. Many Toilets exceeded 8 Ipf. The
majority of the faucets flowed at rates in excess of 7 I[pm. Most shower flows exceed 10 Ipm.

The results of the end use water balance are illustrated in the Table below.

Table 10: End uses of water at facility 10

Facility 10

Types Avg % m?/year
Toilets 40% 39,122
Urinals & Bidets 3% 3,414
Faucets (Kit and Lav) 11% 11,311
Ablution Faucets 7% 7392
Showers 6% 5,852
Cleaning 4% 3,912
Irrigation 23% 23,014
Others 5% 4,898
Total 98,915

33



Others, 5%
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Toilets, 40%

Cleaning, 4%

Showers, 6%
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Ablution Faucets, 7% Faucets (Kit and Lav),
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Figure 18: Water use percentages at facility 10

Recommended Measures
Faucets

The faucets flows are far too high and should be reduced through the application of pressure-
compensating flow controls. Some of the lavatory faucets had no strainers or flow controls. The
faucets and bidets at the facility should be retrofitted with pressure-compensating flow controls
with less or equal than 4.5 Ipm. Kitchen faucets flow rates were very high, with an average 18.9
Ipm; savings will exceed 50% of kitchen faucet water use by retrofitting them with 8.3 Ipm kitchen
faucet aerators.

Toilets

Toilets had a higher consumption than what is recommended. Retrofit the 7.5 Ipf toilets with
3L/6L dual flush or single flush 6lpm toilets.

Showers

Showerheads should be retrofitted with less or equal to 7.6 Ipm flow restrictors (aerators). The
existing average shower flow rates for students are around 11 lpm; savings can reach up to 30% of
shower consumption if those showers were retrofitted.

Landscaping

High water consumption landscape, especially grass areas need to be replaced by water-wise
vegetation applying xeriscaping principles.

Potential Domestic Savings
Building Domestic Subtotals - Consumption m3/year
(Pre Program)

Toilet consumption per year 39,121
Urinal consumption per year 17

Bidet consumption per year 3,396
Lavatory consumption per year 10,879
Shower consumption per year 5,852
Kitchen faucet consumption per year 430

TOTAL DOMESTIC CONSUMPTION 59,698
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Building Domestic Subtotals - Consumption m3/year
(Post-Program)

Toilet consumption per year 20,265
Urinal consumption per year 133
Bidet consumption per year 849
Lavatory consumption per year 6,669
Shower consumption per year 4,043
Kitchen faucet consumption per year 189,
TOTAL DOMESTIC CONSUMPTION POST- 32,150
PROGRAM

Based on the calculations, if the facility implements the recommended domestic measures it will
| reduce consumption by 27,548 m? per year, which is equivalent to an annual saving of 28% of the
total water use.
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Facility 11

Facility Information

The University was established in 1991. There are 17 buildings on campus. One of the buildings is
an all-female dormitory that houses 116 women during the school year and 85-90 women in the
summer semester. Other buildings on campus include administrative buildings, a mosque, a
cafeteria, convenience stores and a sports complex.

Water Balance and End Use Types:

The annual water consumption was estimated at 16,270 m3. Domestic fixtures in the classroom
buildings appeared in good condition; however in many of the restrooms audited the flow rates
of the faucets were much higher than they should be. Each of the classroom buildings and many
of the other buildings have portable Reverse Osmosis (RO) for each of the bubble coolers units.
These units can reject a considerable amount of water and it is estimated that there are
approximately 100 of these units on campus. However when the campus was audited it was
learned that many of these units had been turned off and therefore it was not believed that these
units were commonly being used.

The dormitory of the university is located on the
lower section of the campus where the water
pressure is higher. There are approximately 30
bathrooms in the building. Each bathroom is for the
use of 4 women and has a toilet, 2 sinks and a
shower. There are small areas on each floor with
kitchen facilities. Hot water is turned on only once
a day for 4-6 hours in the evening. Efficient front
load washing machines are located in the basement.
It is estimated that 300 loads of laundry are washed
each week - with each load using approximately 20
liters of water. The dormitory faucets observed had
aerators removed and the showerheads did not
have any restriction. The majority of lavatory

and kitchen faucets flow observed have high flows exceeding 10 Ipm. Likewise, most toilets
operate at more than 8 Ipf, and showers have excessively high flows.

Figure 23: Women's Dormitory

The results of the end use water balance are illustrated in the Table below.

Table 11: End uses of water at facility 11

Facility 11

Types Avg % md/year
Toilets 35% 5,679
Urinals & Bidets 2% 289
Faucets (Kit and Lav) 5% 872
Showers 11% 1,762
Cleaning 41% 6,682
Com. Kitchen 5% 811
Others 1% 175
Total 16,270
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Figure 19: Water use percentages at facility 11

Recommended Measures
Lavatory and Kitchen Faucets

The Bidets and faucets’ flows should be reduced through the application of pressure-
compensating flow controls. Some of the lavatory faucets had no strainers or flow controls. The
faucets should be retrofitted with pressure-compensating flow controls with less or equal than 4.5
and 8.3 Ipm for lavatory/bidets and kitchens, respectively.

Toilets

The toilet fixtures observed were tank and bowl, most of them had an accompanying trigger hose
for bidet usage. Many of the toilets in the newer buildings were already retrofitted with dual flush
toilets. A few toilets were found to be leaking and or out of adjustment but were minimal. These
tanks should be retrofitted with 3L/6L dual flush tanks.

Showers
Showerheads should be retrofitted with less than or equal to 7.6 Ipm flow restrictors (aerators)
Urinals

Urinals flush at a rate of 2.0 Ipf, these units should be retrofitted with 1.0 Ipf mechanisms.

Potential Domestic Savings

Building Domestic Subtotals - Consumption m3/year

(Pre Program)

Toilet consumption per year 5,679
Urinal consumption per year 106
Bidet consumption per year 182
Lavatory consumption per year 771
Shower consumption per year 1,762
Kitchen faucet consumption per year 101
TOTAL DOMESTIC CONSUMPTION 8,602
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Building Domestic Subtotals - Consumption m3/year

(Post-Program)

Toilet consumption per year 3,441
Urinal consumption per year 53
Bidet consumption per year 91
Lavatory consumption per year 462
Shower consumption per year 669
Kitchen faucet consumption per year 83
TOTAL DOMESTIC CONSUMPTION POST- 4,801
PROGRAM

Based on the above calculations, if the facility implements the recommended domestic measures it
| will reduce consumption by 3,801 m3 per year, which is equivalent to an annual saving of 23% of
the total water use.
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Facility 12
Facility Information

This facility is a private university that is composed of 15 buildings. Each building has a surface
area of 327,000m? with a total surface area of 94,000m?2 . The structure was built twenty years ago
and has 940 employees that work 8 hour shifts 190 days a year. The school has 10,500 students
enrolled in classes.

Water Balance and End Use Types

The University receives water from its own Water Well that flows 220 cubic meters per day. The
annual water consumption was estimated at 14,346 m3.

The University’s bathrooms contain 218 western type toilets
that flush at 6 Ipf. 280 “Turkish” style toilets with tanks are in
use at this site with an average flow rate of 6 Ipf. This
location has 3 urinals that flush at 2 Ipf; however they are
only used for special events as they remain behind the locked
doors of the theater. There are 37 bidets that have an average
flow rate of 5 Ipm. There are 481 hand washing lavatories
that operate at 4.5 Ipm. 3 of 5 of the lavatory faucets are
missing aerators. There are a total of 120 Lab sinks with 9
sink per lab; they are not frequently used--possibly twice a
week for 2 min. In addition, it is important to note that
roughly 80% of those enrolled in the University practice

ablution.
Figure20: Turkish Toilets

The university has a kitchen that produces a daily average of 150 meals daily. All the meals are
served on disposable plates. Being that there are few meals prepared by the school, they want to
shut down all kitchens. Most of the food is prepared by food vendors on campus. There are five
different food vendors. The vendors rent small stands from the University. All their water is from
the schools water supplies. There are two kitchen sinks in the kitchen that hold roughly 32 liters
daily; the faucets both run at 8.4 Ipm. The kitchen has a medium sized dishwasher that is run 12
times per day. However, before dishes are put in the dishwasher they are sprayed down with a
5.7 Ipm pre-rinse nozzle. In addition, the kitchen has a medium sized ice machine and medium
sized freezers that are both air cooled. The University uses water filters to clean the drinking
water, which produces no reject. The University is reported to have 74 filters throughout facility.
For irrigation, the University has a drip sprinkler system installed. It runs 2 times for 2 hrs per
day at 2 times/ week to water the 65,000 m2 of beds. The beds contain flowers, trees, and
shrubbery that appear to be in fair condition.
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The results of the end use water balance are illustrated in the Table below.

Table 12: End uses of water at facility 12

Facility 12
Types Avg % m3/year

Toilets 33% 4733
Urinals & Bidets 2% 241
Faucets (Kit and Lav) 7% 1023
Showers 12% 1762
Cleaning 46% 6587
Total 14,346

Toilet
33%

Cleaning
46%

aucets (Kit and
Lav)
Showers 7%
12%

Figure 21: Water use percentages at facility 12

Proposed Measures
Toilets
Retrofit the 7.5 1pf toilets with 3L/6L dual flush or single flush 6lpm toilets.

Faucets

The bidets and faucets flows should be reduced through the application of pressure-
compensating flow controls. Some of the lavatory faucets had no strainers or flow controls. The
faucets should be retrofitted with pressure-compensating flow controls with less or equal than 4,5
and 8.3 Ipm for lavatory/bidets and kitchens, respectively.

Showers

Significant savings can be achieved by retrofitting shower heads at the University. Showerheads
should be retrofitted with less or equal to 7.6 Ipm flow restrictors (aerators)
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Urinals

Urinals flush at a rate of 2.0 Ipf, these units should be retrofitted with 1.0 Ipf mechanisms.

Potential Domestic Savings
Building Domestic Subtotals - Consumption m3/year
(Pre Program)

Toilet consumption per year 4,732
Urinal consumption per year 88
Bidet consumption per year 152
Lavatory consumption per year 922
Shower consumption per year 1,762
Kitchen faucet consumption per year 101
TOTAL DOMESTIC CONSUMPTION 7,759

Building Domestic Subtotals - Consumption m3/year
(Post-Program)

Toilet consumption per year 2,868
Urinal consumption per year 44
Bidet consumption per year 76
Lavatory consumption per year 566
Shower consumption per year 669
Kitchen faucet consumption per year 83
TOTAL DOMESTIC CONSUMPTION POST- 4994
PROGRAM !

Based on the above calculations, if the facility implements the recommended measures it will
| reduce consumption by 3,465 m? per year, which is equivalent to 24% of the total water use.
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Facility 13

Background Information

This University has 17 buildings, four of which are student dormitories. Each building has a
surface area of 61,868m? and the university’s total surface area is 173,000m2 . The university was
built in 1990, however there were several upgrades made to several of the school’s bathroom
facilities in 2009. The university has 650 employees that work 8 hours a day, 310 days a year. The
school gets an average of 75 visitors a day and has 6,500 students enrolled in classes 240 days a
year.

Water Balance and End Use Types

The University receives water from Miyahuna in addition to 43 m3 per day from a ground well
located on site. The annual water consumption was estimated at 32,359 m3.

The University’s bathrooms contain 301 western type toilets that flush at 4.6 liters per flush (Ipf).
There are also 60 urinals in use at this site with an average flow rate of 2lpf. The total showerhead
count is 64 with an average flow rate of 6.6lpf. There are 325 hand washing lavatories that operate
at 7.6lpm. There are a total of 12 kitchen sink faucets with flow rates of 5.7lpm. The university has
four laboratories, each equipped with one faucet. In addition, it is important to note that roughly
10% of those enrolled in the University practice ablution, and there are 12 ablution sinks located
on campus with flow rates of 6lpm.

The university’s dormitories are equipped with kitchenette units, each with one faucet with flows
of 5.4 liters per minute (Ipm). There are a total of 79 of these kitchenettes. In addition, the
university has 12 cafeterias that produce a daily average of 500 meals daily. Roughly 90% of the
meals are served on disposable plates. Being that there are few meals prepared by the school, they
want to shut down all kitchens. Most of the food is prepared by food vendors on campus. Each
cafeteria kitchen has two kitchen sinks equipped with one pre-rinse sprayer, one hand sink, and
dishwasher. However, it is important to note that due to the amount of disposable dishware used;
primarily only pots and pans are washed in the kitchen. The University’s dormitories are
equipped with 14 non-automatic washing machines and 26 automatic washing machines. All the
machines run an average of 5 loads a day, 7 days a week. The non-automatic machines use
approximately 15 liters of water per load, while the automatic machines use approximately 20
liters of water per load. The university therefore uses an estimated 1,225 liters of water each week
in laundry processes. The University’s floor surfaces are cleaned daily. According to staff
interviewed during the survey, the university uses approximately 100 liters of water for each of
the 13 buildings each week.

The University has an irrigation system installed, which uses approximately 140m? of water each
day to maintain 21,000m? of landscaping. Roughly 500m?2 of the landscaping is turf. The
University has one swimming pool with a volume of 1,500m3 and a surface area of 350m2. The
pools filtration system is backwashed daily for 4 minutes at a rate of approximately 6 liters per
minute (Ipm). The backwashing is controlled by a timer. Additionally, it is important to note that
the university replaces the water in the pool every four months. There are also four Jacuzzis
located on campus, two large spas and two smaller spas. The larger Jacuzzis are 7 m?, and the
smaller Jacuzzis are 3 m2. In addition there are two steam baths, each 12 m?2, which are used 3
days a week.
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The University withdraws 140 m?® of well water during a 4 hour period each day. The university
also uses a water softening system for its swimming pool, which is backwashed using 2 m?, two
times each week.

The results of the end use water balance are illustrated in the Table below.

Table 13: End uses of water at facility 13

Facility 13
Types Avg% | md/year
Toilets 45% 14,617
Urinals & Bidets 1% 440
Faucets (Kit and Lav) 25% 7954
Showers 9% 2,883
Cleaning 5% 1,514
Com. Kitchen 11% 3,500
Laundry 0% 98
Pool Evaporation 3% 910
Pool Backwash, Decorative Fountains 0% 9
Others 1% 435
Total 32,359

Pool Evaporation, 3%  Others
Com. Kitchen 1%
11%

Cleaning
5% Toilets

45%

Showers
9%

Faucets (Kit and Lav) Urinal s& Bidets
25% 1%

Figure 22: Water use percentages at facility 13

Proposed Measures:

Toilets

Though the university already has low flow toilets, in order to further reduce consumption, the
school could consider installing dual-flush toilets. While 3L/6L dual-flush models exist, it is
recommended that the university ensures its drainage plumbing infrastructure will operate
adequately with such a flow reduction. Many systems were designed to operate with much
higher flush rates and accordingly, obstructions can occur, especially in commercial facilities
where users are apt to flush a wider variety of materials than in residential settings.
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Lavatory & Kitchen Faucets

Faucet flow rates are high compared to the standards and other IC audit results. By retrofitting
lavatory faucets with pressure-compensating 4.5lpm flow controls, the facility could achieve
significant savings.

Urinals

Urinals flush at a rate of 2.0 Ipf; these units should be retrofitted with 1.0 Ipf mechanisms.

Irrigation
High water consumption landscape, especially grass areas need to be replaced by water-wise
vegetation applying xeriscaping principles.

Pool

The school has an outdoor swimming pool. The sand filter for the pool utilizes a set timer to
handle blowdown. The school should install pressure-based automated regulation in order to
increase the efficiency of the blowdown process. The school needs to automate this process,
based on pressure differentials on either side of the filter to eliminate unnecessary backwashing.
Chemical and physical pool covers also warrant consideration to cut down evaporative loss.

Proposed Domestic Savings:

Building Domestic Subtotals - Consumption m3/year

(Pre Program)

Toilet consumption per year 14,616
Urinal consumption per year 439
Lavatory consumption per year 7,358
Shower consumption per year 2,882
Kitchen faucet consumption per year 595
TOTAL DOMESTIC CONSUMPTION 25,893

Building Domestic Subtotals - Consumption m3/year
(Post-Program)

Toilet consumption per year 12,710
Urinal consumption per year 219
Lavatory consumption per year 4,357
Shower consumption per year 3,319
Kitchen faucet consumption per year 866
TOTAL DOMESTIC CONSUMPTION POST- 21473
PROGRAM ’

Based on the above calculations, if the facility implements the recommended measures it will
| reduce consumption by 4,420 m3 per year, which is equivalent to 14% of the total water use.
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Facility 14

Facility Information

This facility is a private university that is composed of 16 buildings. The university’s total
surface area is 64,718m?2 . The university was built in 1989, however there have been several
upgrades made to the school, the most recent of which took place in 2009. The university has 669
employees that work 8 hours a day, 200 days a year. The school gets an average of 200 visitors a
day and has 5,507 students enrolled in classes 200 days a year.

Water Balance and End Use Types

The annual water consumption was estimated at 15,459 m3. The University’s bathrooms contain
382 western type toilets that flush at approximately 6.6 liters per flush (Ipf), 15 Turkish type
toilets flushing at 6.2lpf, and 70 flush valve toilets flushing at 11lpf, though 30% of the toilets
observed had of leaks varying degrees. There are also 20 urinals in use on campus with average
flow rates of 2lpf. The total showerhead count is 6 with an average flow rate of 201pf. There are
360 hand washing lavatories that operate at 7.5lpm, though many of the faucets are in poor
condition and approximately 90% are missing aerators. It is also important to note that an
estimated 30% of the university’s occupants practice ablution, and the school is equipped with 6
ablution sinks with flow rates of 6.2lpf for this purpose. The University’s floor surfaces are
cleaned daily. According to staff interviewed during the survey, all bathrooms are mopped 3
times a day, while all classrooms and hallways are mopped once a day.

The university’s kitchen produces an average of 370 meals daily. Roughly 68% of the meals are
served on disposable china. The kitchen is equipped four small water-cooled refrigerators, four
air-cooled ice machines, and an air-cooled freezer. The kitchen has 16 basin sinks with 16 liter
capacities that are filled an average of six times a day. There are also 4 hand sinks with flow rates
of 4.2 liters per minute (Ipm). The kitchen floors are mopped twice each day and hosed down
once a week. In addition, it is important to note that during the survey it was observed that
meats were left to thaw in sinks with water left running.

The University has an irrigation system installed, which is used to water approximately 7,500m?2
of turf landscaping at the school’s stadium. The results of the end use water balance are
illustrated in the Table below.

Table 14: End uses of water at facility 14

Facility 14

Types Avg % m?/year
Toilets 31% 4,733
Urinals & Bidets 2% 241
Faucets (Kit and Lav) 7% 1023
Showers 23% 3,524
Cleaning 5% 747
Landscape 31% 4,845
Others 2% 346
Total 15,459
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Figure 23: Water use percentages at facility 14

Proposed Measures

Toilets

Toilet tanks should be retrofitted with 6.0 1pf or less fixed-volume flush mechanisms that prevent
an end-user or maintenance worker to adjust the amount of water delivered. The University can
choose to replace the entire fixture (depending on the designed flush volume of the bowl, or
swap out the adjustable ball/tower float in the existing tank for a fixed-volume tower float. To
further reduce consumption, the school should consider installing 3L/ 6L dual-flush toilets.

Lavatory & Kitchen Faucets

Faucet flow rates are high compared to industry standards and other IC audit results. By
retrofitting lavatory faucets with pressure-compensating less or equal 4.5 Ipm flow controls, the
facility could achieve significant savings. Additionally it is recommended to install less or equal
8.3 Ipm kitchen aerators.

Showerheads

As discussed above, retrofitting these units with pressure compensating, less or equal 7.6lpm
shower heads can reduce shower consumption per fixture at by over 50%. Installing more
efficient showerheads that aerate water as it passes through the head should also improve
customer satisfaction, providing more pressure than the existing units that generate a deluge
stream. This is an inexpensive measure that will save considerable water and energy.

Urinals
Urinals flush at a rate of 2.0 Ipf, these units should be retrofitted with 1.0 Ipf mechanisms.

Irrigation

High water consumption landscape, especially grass areas need to be replaced by water-wise
vegetation applying xeriscaping principles.
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Potential Domestic Savings

Building Domestic Subtotals - Consumption m3/year

(Pre Program)

Toilet consumption per year 4,733
Urinal consumption per year 88
Bidet consumption per year 152
Lavatory consumption per year 922
Shower consumption per year 3,524
Kitchen faucet consumption per year 101
TOTAL DOMESTIC CONSUMPTION 9,520

Building Domestic Subtotals - Consumption m3/year
(Post-Program)

Toilet consumption per year 2,869
Urinal consumption per year 44
Bidet consumption per year 77
Lavatory consumption per year 558
Shower consumption per year 1,339
Kitchen faucet consumption per year 83
TOTAL DOMESTIC CONSUMPTION POST- 4,965
PROGRAM

Based in the above calculations, if the facility implements the recommended measures it will
reduce consumption by 4,555 m? per year that is around 29 % of savings of the total water use.

47



5.2 Water Use Baseline

The water use baseline for each end use (faucets, toilets, irrigation, cleaning, bidets...) was
determined based on the average percentages of each facility type, and presented respectively for
schools and universities in figure 29 and 30. These figures show that the highest water at the
audited schools occurs at toilets (61%), followed by faucets (16%), cleaning (9%), landscape (5%),
Softeners (3%), and urinals and bidets (2%). For the audited universities the major water also
takes place at toilets (36%), followed by cleaning (18%), faucets (15%), landscape (14%), showers
(12%), and urinals and bidets (2%).

Cleaning Others

Landscape

9% 5%
5%
Softners RO
3% \
Faucets
16%

Urinals and
Bidets
2%

Toilet
61%

Figure 29: Baseline water use for Schools

Others
3%

Landscape
) ‘
Cleaning
18%
Showers‘

12%

Toilet
36%

Urinal & Bidet
2%

Faucets (Kit
and Lav)
15%

Figure 30: Baseline water use for Universities
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5.3 Cost Effectiveness Calculation

Cost effectiveness was conducted for the audited facilities based on the potential savings resulting
from the adoption of the recommended measures, and the cost of water and wastewater based on
the commercial tariff (1.56 JD/m3). However, the three universities that were audited had private
wells and the cost of water was calculated for each university based on the reported pumped
water cost. The interest rate used for the calculation is 7% and the present value of the water
saved was calculated based on the initial cost and the life time of the fixture. Cost of energy,
which is embedded in the cost of water, was estimated at around 4.25 JD/ma3.

The savings (JD/Year) was calculated as follows = Number of uses per day (for example,
number of flushes per day) x amount of saving per use (m3) x number of days facility occupied
per year x cost of water per m3.

Cost of Retrofit = Number of fixtures at the facility x Cost of replacing existing fixture.

Cost effectiveness calculations for retrofit of toilets and faucets are presented in Tables 15 and 16
respectively for the audited schools and universities that have water saving potential. The cost of
the fixture and its installation was estimated at JD150, JD25, and JD2.5 for toilet, toilet trim, and
faucet aerator; respectively. The life time is 20 years for the toilet and 5 years for the faucet aerator
and toilet trim. The toilet trim replacement is given as an option for users in case the toilet
replacement is not cost-effective. Cost analysis for fixtures without installation, assuming that it is
done by the facility staff, is also presented.

For schools, Table 15 shows that the faucets retrofit is the most cost effective with a payback
period, with installation, ranging from approximately 1.7 month for facility one to 4.3 months for
facility four. Without installation, the payback period drops to 10 days for facility one and 25
days for facility four. Toilets replacement is only cost effective for facility six and facility three
where the payback period with installation is around 4 months for the former and 2.5 years for
the latter. With no installation, the payback period is 2.6 months for facility six and 2.0 years for
facility three. On the other hand, replacement of the toilet trim is highly feasible with a payback
period with installation varying from approximately 20 days for facility six to 2.3 years for facility
four.

For universities, Table 16 indicates that the faucets retrofit is also the most cost effective with a
payback period, with installation, ranging from approximately 22 days for facility ten to
14.4months for facility eleven. Without installation, the payback period drops to 4.5 days for
facility nine and 2.8 months for facility eleven. Toilets replacement is only cost effective for
facility ten where the payback period with installation is around 1.5 years, and approximately 1.0
year with no installation. On the other hand, replacement of the toilet trim is feasible for all the
audited universities.

Cost analysis is also carried out for showers at the universities where retrofitting of shower heads
including cost of installation is highly cost effective with a payback period less than one month as
illustrated in Table 16.
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Table 15: Cost effectiveness calculations for Schools

Facility no. 1

Facility no. 2

Facility no.4 Facility no. 3

Facility no.6

Quantity of
Equpment
in Facility

12

12
12

36

36

82

82
100

12

12
12

Efficient Use Rate

. Payback for Payback for
. No of D Increment 'Il'otal tal Ufmt Cost Total Cost Estimated|Water v\c:Itue of d P;;s,::t Value Replacing Replacing an
;" 08 Unit of m.) ays Life of al Cost for :c:te;nen a : laci ?Ra Ios- Water Savings |Perecnt |Weighted w ster a:t :a 3 Zr Inefficient Existing
verag UsePer | " Equipment | Efficient o .or e.p;.acmg o ., e.pacmg Savings |per Year |Hotwate |Price of a. ewater .vmg ver Equipment Equipment
e Use Used per . Efficient Existing  |Existing . Savings per  |Life of . .
day (years) Equipment . X ) perDay |(cubic |r Water without with
Rate Year E E Equip y Year (JD) Incl. |Measure (ID) |. . . .
(/D) D D) (liters)  |meters) £ (Incl ) installation installation
to) ¢ nergy nel. Enerey (Months) (Months)
6 153 190 20 100 1,200 150 1,800 306 58 0% 1.56 90.70 1,813.97 158.77 238.15
6 153 190 5 20 240 25 300 306 58 0% 1.56 90.70 453.49 31.75 39.69
623 232 190 5 0.5 6 25 30 40136 76 30% 2.84 216.19 1,080.96 0.33 1.67
6 1789 194 20 100 3,600 150 5400 3,578 694 0% 1.56 1,082.85 21,656.92 39.89 59.84
6 1789 194 5 20 720 25 900 3,578 694 0% 1.56 1,082.85 5,414.23 7.98 9.97
7.1 4963 190 20 100 8,200 150 12,300 15,380 2,922 0% 1.56 4,558.73 91,174.64 21.58 32.38
7.1 4963 190 5 20 1,640 25 2,050 15,380 2,922 0% 1.56 4,558.73 22,793.66 432 5.40
7.6 1425 190 5 0.5 50 25 250 4,358 828 30% 2.84 2,347.25 11,736.24 0.26 1.28
49 1348 190 20 100 4,000 150 6,000 1,180 224 0% 1.56 349.60 6,992.08 137.30 205.95
4.9 1348 190 5 20 800 25 1,000 1,180 224 0% 1.56 349.60 1,748.02 27.46 34.32
6.1 256 190 5 0.5 15 2.5 75 404 77 30% 2.84 217.87 1,089.37 0.83 4.13
6 6980 240 20 100 1,200 150 1,800 13,960 3,350 0% 1.56 5,226.62  104,532.48 2.76 413
6 6980 240 5 20 240 25 300 13,960 3,350 0% 1.56 5,226.62 26,133.12 0.55 0.69
15 470 240 20 80 960 120 1,440 235 56 0% 1.56 88 1,760 (130.9 196.4
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Table 16: Cost effectiveness calculations for Universities
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. Payback for Payback for
Existi No of D: Increment 'Il‘otal tal Ufmt Cost Total Cost Estimated |Water v‘\llaltue of d P;?;e:t Value Replacing Replacing an
Quantity of Xisting Unit of o? 2ys Life of al Cost for ncremental o N ota os. Water Savings Weighted ater an o N ater Inefficient Existing
: Average Eq N N Cost for Replacing |of Replacing| ) Perecnt N Wastewater |Saving Over . .
Equpment Efficient Use Rate Use Per Equipment |Efficient 3 L o Savings per Year Price of )y ) Equipment Equipment
N " Use Used per . Efficient Existing Existing N Hotwater Savings per Life of . N
in Facility R day v (years) Equipment| i - perDay |(cubic Water v 10) Incl. |m 1D without with
ate ear (D) D D (liters) meters) Eear (D) Indl. (I eTs:re ( )) installation installation
(D) (D) nersy ncl-Enerey) | (Months) (Months)
4 ave. liters per
Toilet (31/6l) 250 flush 7.8 15572 280 20 100 25,000 150 37,500 58,722 16442 0% 1.56 25,650 512,995 11.70 17.54
=] . liters per
. 4 ave Ppe
g Toilet Trims 250 flush 7.8 15572 280 5 20 5,000 25 6,250 58,722 16442 0% 1.56 25,650 128,249 2.34 2.92
g Faucet Aerators 300 45 lpm 7.4 2521 280 5 0.5 150 2.5 750 7,253 2,031 30% 2.84 5,757 28,787 0.31 1.56
E Showers 50 7.6 lpm 11.0 3200 280 5 0.5 25 2.5 125 10,880 3,046 30% 2.84 8,637 43,183 0.03 0.17
4 ave. liters per
- Toilet (31/6l) 300 flush 7.7 26665 190 20 100 30,000 150 45,000 99,247 18857 0% 1.56 29,417 588,337 12.24 18.36
\—f a4 ave. liters per
e Toilet Trims 300 flush 7.7 26665 190 5 20 6,000 25 7,500 99,247 18857 0% 1.56 29,417 147,084 2.45 3.06
g Faucet Aerators 300 45 lpm 7.3 7801 190 5 0.5 150 2.5 750 22,155 4209 30% 2.84 11,934 59,669 0.15 0.75
E Showers 50 7.6 lpm 11.0 2800 190 5 0.5 25 2.5 125 9,520 1,809 30% 2.84 5,128 25,640 0.06 0.29
a4 ave. liters per
Toilet (31/6l) 378 flush 6.6 4303 200 20 100 37,800 150 56,700 11,188 2238 0% 1.56 3,491 69,812 129.95 194.92
- 5
— a ave. liters per
o Toilet Trims 378 flush 6.6 4303 200 5 20 7,560 25 9,450 11,188 2238 0% 1.56 3,491 17,453 25.99 32.49
i=
= Faucet Aerators 420 4.5 lpm 7.5 514 200 5 0.5 210 2.5 1,050 1,542 308 30% 2.84 874 4,372 2.88 14.41
E Showers 50 7.6 lpm 20.0 441 200 5 0.5 25 2.5 125 5465 1,093 30% 2.84 3,098 15,492 0.10 0.48
= Urinals 100 1 Ipm 2 267 200 20 80 8,000 120 12,000 267 53 0% 1.56 83 1,666 1152.4 1728.6
4 ave. liters per
Toilet (31/6l) 498 flush 6.6 3585 200 20 100 49,800 150 74,700 9,321 1864 0% 1.56 2,908 58,163 205.49 308.24
~ a4 ave. liters per
‘;! Toilet Trims 498 flush 6.6 3585 200 5 20 9,960 25 12,450 9,321 1864 0% 1.56 2,908 14,541 41.10 51.37
; Faucet Aerators 481 45 lpm 7.5 615 200 5 0.5 241 2.5 1,203 1,845 369 30% 2.84 1,046 5,231 2.76 13.79
5 Shower heads 18 7.6 lpm 20 441 200 5 0.5 9 2.5 45 5,465 1093 50% 3.69 4,027 20,137 0.03 0.13
& Urinals 50 1 lpm 2 221 200 20 80 4,000 120 6,000 221 44 0% 1.56 69 1,379 696.1] 1044.2
4 ave. liters per
- Toilet (31/6l) 301 flush 4.6 11157 280 20 100 30,100 150 45,150 6,806 1906 0% 1.56 2,973 59,455 121.50 182.25
— ave. liters per
g Toilet Trims 301 flush 4.6 11157 280 5 20 6,020 25 7,525 6,806 1906 0% 1.56 2,973 14,864 24.30 30.38
g Faucet Aerators 428 4.5 lpm 7.7 3399 280 5 0.5 214 2.5 1,070 10,717 3001 30% 2.84 8,507 42,536 0.30 151
E Urinals 60 1 lpm 2.0 769 280 20 80 4,800 120 7,200 784 220 0% 1.56 343 6,852 168.1 252.2]
a ave. liters per
Toilet (31/6l) 382 flush 6.6 3585 200 20 100 38,200 150 57,300 9,321 1864 0% 1.56 2,908 58,163 157.63 236.44
< 4 ave. liters per
‘;! Toilet Trims 382 flush 6.6 3585 200 5 20 7,640 25 9,550 9,321 1864 0% 1.56 2,908 14,541 31.53 39.41
E_ Faucet Aerators 360 4.5 lpm 7.5 615 200 5 0.5 180 2.5 900 1,845 369 30% 2.84 1,046 5,231 2.06 10.32
% Shower heads 6 7.6 lpm 20 881 200 5 0.5 3 25 15 10,924 2185 50% 3.69 8,051 40,256 0.00 0.02
& Urinals 80 1 Ipm 2.0 218 200 20 80 6,400 120 9,600 222 44 0% 1.56 69 1,388 1107.0 1660.5]




6. Conclusion

Based on the end-use analysis study of the educational facilities, following are the
conclusions:

1.

The major water uses at the audited schools are toilets (61%), faucets (16%), cleaning
(9%), Landscape (5%), Softeners (3%), and Urinals and bidet (2%).

The major water uses at the audited universities are toilets (36%), cleaning (18%),
faucet (15%), landscape (14%), showers (12%), and Urinals and bidets (2%).

Three out of the eight audited schools use water efficiently and do not currently
require retrofitting. The remaining five schools have potential water saving from
domestic water use ranging from 9% to 24% of the total annual water use. Three of the
schools have a potential saving of approximately equal or more than 20%.

All the audited universities need to apply water efficiency practices. The range of
potential water saving from the domestic water from 14% to 29%, and exceeds 20% for
five out of the six universities.

Retrofitting faucets is proven to be economically feasible for both the audited schools
and universities; the payback period in most cases is less than five months and it can
be as low as approximately three weeks.

Replacing inefficient showerheads at the audited universities is highly cost effective
with a payback period ranging from few days to 1.5 months.

Replacing inefficient toilets is cost effective only for three schools and two universities.
However, replacing toilet trims or flushing system is found to be generally cost
effective.

Landscape irrigation is highly inefficient in most of the audited schools and
universities which have watered landscape. Most of the irrigation is done manually
through a hose with obvious wastage of water.

Two of the audited schools and one university have swimming pools. Potential water
saving at swimming pools can be reached by improving backwashing practices and
reducing evaporation.
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7. Recommendations

Based on the end-use analysis study, following are the recommendations for the schools
and universities,

1.

Install WSDs for all faucets that use more than 4.5 lpm. Tamper proof pressure
compensating flow controllers should be considered.

Replacing toilets is only recommended when economically feasible; otherwise
retrofitting toilet trims should be practiced.

In office buildings where there is an intensive use of RO systems, it is recommended to
use systems that have a 1:1 product to reject ratio.

Use backwashing and evaporation reduction best practices to improve water use
efficiency in swimming pools.

Provide regular maintenance and repair for all plumbing fixtures including toilet
flushing valves and faucets, and leak detection via dye testing.

In the case of universities and schools with large landscape areas, it is recommended to
use non-conventional water resources for irrigation, such as rainwater harvested from
roof tops and treated waste water. High water consumption landscape, especially
grass areas need to be replaced by water-wise vegetation applying xeriscaping
principles.

Conduct awareness programs targeting schools and universities students to increase
their knowledge of how to use water more efficiently in their facilities.

Conduct regular water audits at schools and universities to identify areas of water
saving, and develop and implement water efficiency programs.
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8. Appendices
8.1 Appendix A

Audit Survey Form

Date: HaBL Auditor:

Name of facility:
Operational Company Name:

Address:

- 3l [ ghaal)
Ladall o)

Aglada) 4 ) aul

£ gl

Laiall s sl Telephone:
uSLal)

Manager name:

FAX:

e-mail address:

Date facility built:

gl

A &)
Ladd sl é.,uu

Census and occupancy data based on daily averages for year (answer where applicable):

e Number of buildings the facility is composed of

e Total area of each building:
1.
2.

e Number of faculties

Ondda sall 22e 5 % Male
OUall aaes 9% Male

e Number of staff :

e Number of students:

sliiall Lgia ¢y sS ) laall 2ae
e JS0 AdlaaY) daliuall

LK sae
05SA A

DS A

e % of students that live on campus:

e Average number of visitors per day:

e Number of days per year operational:

poall (A (sdumg Al Ul A
Lyl xalal)
(s Jaiy) Al 2o

Al cllabia) Jo Jaand) 2

Jatsal) 5 shll cildabada g daall clyaadl) ]

Engineering drawings (Plumbing drawings and floor plans)

ds 9,34l daa A dalwal) cilhabada 2

Irrigation drawings (irrigation engineering drawings, if available, otherwise site maps

including general landscaping information
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Q) Main Kitchen Operations L ) fdaal) clles

EiRgge sldal) glaadl ghdll psall 8 dadiall cilia ol 350
o No. of meals/day served Breakfast: , Lunch: Dinner:__ Other:
AU ALY ¢ gauall B dasiall cilba gl (z ) S O5aall A dasiall clia gl 230

O Number of meals served on china___ Number served on disposable ware

0 FOOD SERVICE ITEMS alakal) cilatd 353y

Water cooled refrigeration equipment 84 all obsall aladiaby Jaad (Al & 8l Slana
Water cooled ice makers 83 jaall slaal) aladinily Jaad (Al zlil) alia iina

Air cooled ice makers (Including remote head units) Jasi (Al glill giua Ciara
(2 05 aSadll Baa g Jadig) 3 sall ¢ ggd) aladiady

o Freezers &y adl
O Steam tables JAs e gl
o0 Boilerless Steamer DA Al g8 Ja pa (g B A
o Boiler type Steamer Jaloall aladialy Ay cilal ga
o Combination ovens dpaatl) o 3Y)
O Steam kettles JAL) alye
o Garbage grinders (disposers) (Lie paliill g) daladl) calha
o Dish Washer/Ware-washer bl c¥Le
o0 Three compartment sinks o 33 A
o Pot soaker Akl adil s
o Pulper Qll Jualiua
o Sluice trough to garbage grinder (disposal) Aaladl) (akal jua G2
O Pre-rinse spray with shutoff Silagil AL gl Ll adald aa cibadd) g La LG
o Confectionary faucet - (ice cream scoop sink & faucet) . sia) — Cligla s
(wlaiall (2
o Faucets drip Lali cldia
0 Thaw meat in sink Al il B Baanall agall) 440d)
o Water left running oluall Jual siall cuall
o Kitchen floors hosed down at end of day-ikdll sie fubaal) dpda )i Ao olual) ash A & 3
o Other (Fygr
L WATER TREATMENT slaal) Aadlae
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o  Water Softener il gl (pa olsall AR Sl
o Reverse Osmosis (Sl praliil) aladiuly 3 (e olaal) Ak g
o Water Stills slsall yalalli 3 jgal
o Ultra-pure Water System slaall (5 gaqill) 485N U
o Other Fg¥S
L LABORATORY EQUIPMENT S @ gl
0 Vacuum autoclaves without water tempering device
0 Vacuum autoclaves with water tempering device
o Gravity autoclaves without water tempering device
o Gravity autoclaves with water tempering device
O Air cooled compressors (no water use)
o  Water cooled and sealed air compressors
0 MECHANICAL EQUIPMENT Al all cfanal)
o Air conditioned facility - tons Slally Aol — ¢ 9¢d) cAiiSa
o Cooling towers - tons Oally daadi— 355 &)l
o Contract for cooling water treatment L (A Aardicual) olpall Aallaal 4805
o Contract specifies cycles of concentration for cooling tower il a3 48U
2 gl 38
dalia (g3 o Aidig 3y i Baa g aladiuly Addaill g 3yl Aaliil O
0 Closed loop chilled/hot water system for heating and cooling
A 0al ST Ll ) b 51 sgd) e aladind Bilelg gaa O
0 Collect and reuse air conditioner condensate for irrigation of cooling towers
Bl g gl Ciags 3l s AR siuaal) olsall CilpaS (il dlae e ggiai gzl O
o Towers equipped with a makeup meter
o Towers equipped with bleed off or blowdown meters
Towers equipped with conductivity controllers
0 RESTROOM ROOMS clabaal
o Number of toilets Al 2
(b Laa Banlg 5d) (ABdl)/ i) gdail) O
a8l 311325 ¢ (st ahay A1325 0 A 6
o Litters per flush (circle one) 6.0 Ipf 13.251pf Over 13.25 Ipf
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Number of urinals N gaall 23

Litters per flush (circle one) 3.8 Ipf 7.61pf Over 7.6 Ipf Sd)) dadaly g
(e Laa B2l g

Number of showers el gall ase
Shower flow rate Ipm dada [ gl (385 Jaaa
Number of hand washing lavatories (Crs Jed) Juddiall 230
Flow rate of aerators Ipm (R8s [ 5) o) sgdly £LudY) 3 gl (3043 Jana
Other water using fixtures or appliances sbaall ardindi 5 A) adad gf ciluS 5 o

L LOCKER ROOMS

O Number of toilets ____ can ) s
o Litters per flush (circle one) 6.0 1pf 13.251pf Over 13.251pf Jidl) s il A
(e Laa B2l g
Number of urinals N gaal) 23
Litters per flush (circle one) 3.8 Ipf 7.61pf Over 7.6 Ipf Ha)) 5l Al
(e Laa Bl g
o Number of showers ___ il gall ase
o Shower flow rate Ipm 488 /5 Ghigal) (88 Jana
©  Number of hand washing lavatories (Cmsd) Judd) Judaal) 220
o Flow rate of aerators Ipm (R8s [ 43) o) g¢ s £LEY) B gl (3845 Jra
0 Clothes washer oslall elus
o Hot tub or Jacuzzi oS sl Ldlu () gal
Other water using fixtures or appliances slpall paiind g A adad gl il 5
L LANDSCAPE LAl claboal)
O Landscape irrigation (Al daaial) claluall &)@l o)
dihia J< gilBalase £ ol el ae — gl Jsia o
o Irrigation schedule - use per week minutes per zone
e e - (s pal gl Jia) pal el Aol (e ) gl sl o
o Square meters of turf: Square meters of beds:
o Type of turf: g g s
o Installed sprinkler system (Yes) (No) (¥) (pxd) Sldld ly ) allid
o Managed by Landscape Company (Yes) (No)  (¥) (pa) it &Sy o 35
o Condition of irrigation system : A pll g
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Type of plant material: de g4l il g o

Soil depth: Ly Ges
Opportunity for rainwater harvesting: SHaa¥) sl (AN da b Sllia A

cile g 3all g8 qdll dadlall e sluall aladic dlia Ja O

o Opportunity for non-potable sources of irrigation water

0 SWIMMING POOLS, THERAPY POOLS AND SPAS claaiiag igdle ¢ dabw &
Lade sld i)

o Water meter on makeup A ) (e B2 gBAAl) slaall (LBl Alas a9y JA
o Total volume S aaall Surface area:_ rhad) dalua
o Heated pool; temperature sldaal) ¢l 50 A da

i) 09 of Jaiial) (alidl) sie gl aty Ja ¢ AN BRI AS 1) e olsal) i AilSe A L O
_ tedial)
o0 Backwash set by pressure drop and not timer
cile g5l o) aluall 03a aladind Bale) ay JA O
o0 Backwash water reused for irrigation
AL laia daddiivi (o83 Y Ladie AL &yl Audass 3y Ja

L) Hot tubs covered when not in use to prevent evaporation___

L DECORATIVE FOUNTAINS AND WATER FEATURES 3 4xila allaa g sl gil) i ) 983

sRyail) aa

o Describe decorative fountains g @) b oill Ja ga iuag
Describe ponds, streams, etc. D Lag bl pand s ¢ Jglaadl g
Describe other features S AY allaall Ciia g

(413 ) ey el g dalall) (hlia ¢ Alia ol o B ga ) Cilaiil) g dua JAY) i jLaall
L] OUTSIDE WASHDOWN AND CLEANING (parking lot, building, dumpster area,

etc.)
o Pressure washer used (Yes) (No) (¥) (px) diually Jar Jad AT aladiaal 2y Ja
o0  Garden hose used (Yes) (No) (¥) (px) Ahaas slaa pgh A aladiad ol Ja

(¥) (=) (nozzles) ) 4a shs 31a pgha Al Ja cpad Gilad) 33 o Qigadl gl 1Y ©
o Shut-off nozzles on hose, if hose used (Yes) (No)

(¥) (a2) (Sia @1sDM) i) g GuntiSll ) gy olal) andiiad A1) Ao LAY Cilatl) Jles Jladiad ¢Say & ©
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o Can sweeping & blowing substitute for outdoor cleaning? (Yes) (No)

() (px) s el gh il o) Josd cilima a2 gy J& O
o Car or vehicle washing equipment? (Yes) (No)

Other outdoor uses: doa A Glaladiad) e

L LAUNDRY FACILITIES Judd) e
o Number washers available for use Jlariud 58 giall c¥luatiase
o Number of loads washed per month K g Jlaall) 2 5 L

o On Premise Commercial Laundry Equipment 0Bl Y Jaud Cilara aladin) aly Ja
Esall & 4 e
a. Capacity (Kilo) for each (s ) Daal! Lylain) 5 aal

ps JSI AR Flug¥) il Gudlall Jlaalll sae
b. Number of loads per day for lightly soiled items

pss JSIALERN Al cld Jlaal) 2

c. Number of loads per day for heavily soiled items

(¥) (px) OVl Aadeall cilana aladiad oy Ja gl olaall 455 Bale) a2 g

d. Water recycle or ozone equipment used (yes) (No)

] CLEANING AND OTHER INDOOR USES s AYS dudifall cilaladiuy) g cigdaial)

Al G (e Judd) Gl gal g g g il < 930 g 3 gay Lgud Baliag AN oI 3AN ABUAS O

o Janitorial closet or sink condition:

el sl olual) e poal) (R grall g oy Al il pall 22 O
o Moping/Day: Source of mop water:__ Hose down:

Gl laia ga Lag (¥) (and) Liildy da gd Adle a3 g Ja ¢ Jaxtiaall g2 agh All S 1Y) O
4> / i

0 Does hose have spray nozzle (yes) (no) - what is flow rate litter per minute
(3) (p) (e plne sl ki s p 5l a8 B0

o Floor cleaning machine (wet vacuum type) (yes) (no)

O Water broom (yes) (no) (¥) (ax) olrall addind duiSa aa 50 JA
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TOTAL WATER USAGE

Total Metered Water Use:

Main Meter Units (thousands of liters, cubic meters, etc.)

Amount for last year:

) damSa < yia el yiall) CiY) il Sland) cilas
] R = @

ddalall el Apagt

January 4 g sis February &l March ) Q1 (total)
April s May 4 June Olxos Q2 (total)
July js<i August < September  Jsbi Q3 (total)
October Js¥) (vs&8 | November &) (ps2d | December Js¥) (isis Q4 (total)

Water purchased from private sources

Main Meter Units (thousands of liters, cubic meters, etc.)
(&) Aorsa ) ia e Ball) CiYT) omasi 1) 2ad) clan g

Amount for last year:

dald jalaa (e )& ad il olsall

dpdalal) Ll Apagt

January A4l ¢ sis February bl March 3 Q1 (total)
April (s May b June ni~ Q2 (total)
July Jjsai August < September  Jsb Q3 (total)
October Js¥) (i November U ¢uéi | December Js¥) (sl Q4 (total)
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Other water sources GAY) sliall Jalas

Main Meter Units (thousands of liters, cubic meters, etc.)
(& Amsa <l yia ol ill) CiYT) oo 1) Saad) Cilaa g

Amount for last year: dpdalall Al Al
January ) o sis February bl March M Q1 (total)
April (lws May & June x> Q2 (total)
July js<i August < September  Jsbi Q3 (total)
October Js¥) (i November U (a4 | December Js¥) (il Q4 (total)

List Sources: baal) s
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8.2 Appendix B

List of Organizations and Firms that participated in the Audits:
e Water Demand Management Unit (WDMU) of the Ministry of Water and Irrigation
(MWI)
e Water Authority of Jordan (WA]J)
¢ Northern Governorates Administration (NGWA)
e Miyahuna
e Agaba Water Company (AWC)
¢ Royal Scientific Society (RSS)
¢ National Energy Research Center (NERC)
e JUST University
¢ Consolidated Consultants (CC)
¢ Center for Engineering Consultancy (CEC)
¢ ME POWER
¢ Orient for Engineering Consultancy and Design
e ECO Consult
¢ Energy Management Services (EMS)
o Green Tech for Sustainable Environment
e Inter-Disciplinary Research Consultant (IDRC)
e Total H20

e Engicon
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