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Chapter 1
INTRODUCTION

1.1 OVERVIEW:

One of WEPIA's nussions in Jordan is to promote awareness among Jordamans as 10 the
“scarciy of water resources and to familianze them with the Best Management Prachces
in water conservation. One of the BMP's recommended by WEPIA is the utilizaton of
Water Saving Devices (WSD's) by homeowners and large water consumers  Prevwous
studies have proven “Water Audits” to be one of the most effective tools in promoting the
use of WSD’s. As a result, WEPIA has conducted a senes of traimng courses o
familianze Jordanians with “Water Audits”. Throughout 1ts efforts, WEPIA has been

very successful in traming individuals from different sectors and different age groups

12 WATER AUDITS:

As the name implies, a “Water Audit” can be simply defined as the process of conducting
a complete inventory of all water fixtures and identifying leakage locations in a building.
usually a large consumer. Such inventories inciude the numbers of the vanous fixtures
(1.e., faucets, toilets, unnals, showers, etc) and their respechve waler consumpion as
measured by their potental flowrates. Once a complete inventory of the water fixtures 1<
obtained, and all the leakage locations (if any) are identified, the water ooﬁsumpum Tales
can be estimated by determimung the frequencies and durations of use for the wiventoned
fixtures (i.e. numbers of times of use and the respective ume-of-use) Hawving conducted
these calculations, the water auditor can estimate the amounts of water that could be

saved through the utilization of WSD's and fixing all leaks To bester quantfy those



savings, they are converted into their equivalent monetary value according 1o the local
water tanff. Simple cash flow analysis can then be conducted to justify the feasibiliv of
investing in WSD’s by showing that the monies saved wall exceed the mivestment

required to purchase and install WSD's.

As mentioned before, water audits as summarized above have been found 1o be a venv
convincing tool for homeowners and large water consumers to mnstall WSD's  Omwe
potential users realize that such simple devices pay for themselves, thev usually do not
hesitate to tnstall them. The reason for conductng detaded audits as opposed to just
performing the feasibility calculations based on total water consumption{s) as measured

by the water bill is two fold:

1. The water bill may be exaggerated due to leaks in the piping sysiem of the

building.

2. The potential ivestor may be interested n partially instaling WSD's, and would

therefore be interested in the economic feasibility for certain parts of the bulding

Therefore, in order to promote WSD’s to the highest levels possible, it 1s necessary 1o
train as many individuals as possible 10 conduct water audits. The report at hand
summarizes the results for a traimng course admimsterd by WEPIA and conducted by the
Intemational Research Corporation, a multidiciplinary Jordanian consulting  firm wath
advanced expertise in the area of water resources and conservation. The target group fuv
this particular traiung course was governmental employees from the Minstnes of Waier
and lrrigation, Education, and Health. The participants were from various govemerates

and were all involved in water consumption at their respective places of work  The




course was held at the Royal Automobile Club of Jordan in Amman dunng the penoed of

April 16™ to 19*, 2061,

1.3 OBJECTIVE:

The main objective of the tratning course was 1o promote the use of WSD's v large
consumers through the training of 20+ individuals 10 conduct water audits and pedorm
all the necessary water consumptions/savings calculaions  Specific objectines for the

training course mcluded

i. Conducting detailed water audits for three large waler consumers in the Greater

Amman Municipality.

2. Introduce the trainees to the process of identifying swtable water savny

techniques (WSD’s) and their applicability to the vanous water outiets

3. Familianzing the trainees wath the most qualtied local suppliers capable of

delivering the required technology.

4. Give the tranees the capability 10 estimate the total cost of the reuohtting
estimate the anticipated water savings as a result of umplementing water savng
technology, and perform cash flow analyses to demonstrate the feasibiliv amd

soundness of the retrofitting program.

1.4 STUDY SITES

As part of the course’s cumculum, detalled water audits were conducted fir the

following buildings:




I.  The Royal Automobile Club of Jordan

2. The Philadeiphia Hospital

3. The Natural Resources Authonty

The three sites were thought to give the trainees the needed exposure to the vanous audit
scenanos they might be faced with once their traming was complete and they were ready

to perform audits on their own.

1.5 REPORT OQUTLINE:

The report is composed of four chapters and an appendix. The fust chapter gives an
overview of the nature of the training course. Chapter Two describes the methodology
followed by the study team m the conduct of the course and the field data collection
Chapter Three summanzes the raw data resulting from the water audits conducted ar the
study sites.  Chapter Four presents water saving calculations as a result of the
implementaton of water saving technology, the cash flow calculations for the
nvestment, and the conclusions and recommendations.  Fmally, the attached appendix

includes the trainees evaluation of the course, and information about the trainees



Chaper 2

METHODOLOGY

Three audits were conducted of the study sites over a peniod of two days  The tramces
were divided into three groups, each group was supervised by a trainer and the groups
were assigend to different parts of the study sites. Data were collected by the tramees
using data collection shects specifically designed for water audits  The following
sections describe the time schedule and the work mechamism followed by the wamers to

accomplish the desired objectives of the training course.

Day One:

Duning the first day, the trainees were ntroduced to the water problem in Jordan  They

were provided with igeneral nformation regarding the scaraity of water m the Mxl-Last

Region

The trainees were introduced to the following concepts.
1. Scarcity of water
2. Water resources linutations in the Middie-East
3. The hydrologic cycle

4. Misuse of waler resources




5. Worldwide per capita water consumption rates
6. Reasons for vanance in worldwide per capita water consumption rales
7. Sources of water pollution
8. Water management: Supplies Management and Demand Management
9. Methods of water demand management
10. WSD’s as a tool for water demand management
L 1. Anticipated savings and recommended flowrates for water fixtures
12. Water audit planning
13. Conducting water audits; measuring flow rates and detecting leaks
14, Compilng water audit data
I5. Behavioral assumptions pertaning to water consumphion
16. Water saving calculations
Day 2:

In the second day, the tramnees were assigned to the different locanons and successfully
completed audits for the RACJ and the Philadelphia Hospital The tramnees were taugh
how to measure flow using calibrated flasks and stopwatches, and were taught how 1w

detect leaks in tollets using powder  The trainces were then pginven a detaded



demonstration on WSD’s and were bnefed on the vanous types of WSD's, theu

functioning mechanism, their anticipated savings, maintenance, and availabiity
Day 3:

In the third day, the audit of the Natural Resources Authonty was complelcd  The
trainees were then mntroduced to the financial calcuiatons for water savings resulting
from using WSD's, and were trained to demonstrate the feasibility of WSD's through
using the “Pay Back Penod” concept. To enhance their understanding of those concepts.
they were given a presentation on the results of the water audit conducted for the Jordan
University Hospital.  Finally, the trainees were bnefly introduced 1o the concept of

energy savings as a results of utthsing WSD's
Day 4:

On the last day, the trainees applied their newly acquired skills using the data that thev
coliecte at the study sites. The tramess worked in groups to calculate water consumphion
rates for the various water fixtures at the study sites They then performed the financial
calculations to assess the feasibiity of winvesting in WSD’s at the study sites using the

data that they collected.



Chapier 3

AUDIT RESULTS

As mentioned before, three audils were conducted of the study sites over a penad of two

days. The trainces were divided into three groups, each group was supenised v a

trammer and the groups were assigend to different parts of the study sites Data were

collected by the trainees using data collection sheets specifically designed for water

audits. Table 1 through Table 3 summarize the audit data for the Philadelphia Hospual,

Table 4 through Table 7 summanze the audnt data for the RAC), and Table & through

Table 10 summanze the audit data for the Natural Resources Authonty

Table ],
Sinks/Faucets
Philadelphin Hospital
Type Location Total Na. Leaking
Manual Patients 20 0
Manual Staft i 0
Manual Staff s 0 ’
Manuai Stalt 3 0 ; o
Manual Stafl 1 0 i U ontsonnateer
Manual General 8 0 12 “lmcsCalctersa
Tolal Fauceis k] A\‘Eilnn‘ Raic p
Jable 2. Toilets
Philadelphia Haspital
Type Tank Handle | Lacation | Total in W.C. Na Leaking Tank Capacify Notes
Liters
Grawty Top IS 24 0 7  iroumad 1o 2t Fhowes
Grawty i 0 7 ’(!lchm o
Gravity i 0 1 ihtc'mﬁ\!
Total Toilets 1% A\_’ﬂ-nk Capacity 7 _




Iable ). Showers
Philadelphia Haspital
Type Location Total Na. Leaking Flow Rate e
Venin
Wall StaflAPat. 3 0 15 wwound Flooe
Wall Patients 28 0 11 Ist to 2nd Py
Total Showers 18 Avg Flew Rate 11.39
Table 4. Sinks/Faucets
RACJ
Type Location Total Ne. Leaking Flon Raic oty
Limin
Manual General 4 1 % fiawung Conter :
Manual General t Q 144 {ramung Center o -
Manua} General 4 0 an jisawung (:-:I'-li” B
')tdKT\T!mus.ni;—w- 1
Manuai Stafl 1 a 20 it
lt,.m-r.m;-.g 1
Manual Staff i Q &R “enicr
'Total Faucets 11 A\'ﬁilow Ratc &
Manual General 1 0 8 i Calaited
Manual General 3 0 & Peot Caicafid B
Mantal Stall | 0 1S o L
Manual Genersl 2 0 R oo Catatoct
Manual General 2 0 R PiCalaad
Manual General 6 0 8 Poan uddug
Manual General 1 0 20 S Pankding __.-_....._
Manual Stafl 1 0 ? Tenrus Conrts Tt :
Manual Genexal 2 [y 12 Tenms Comts
Manual General 2 n R Nenras Conanis
Manuzl Geeneral 4 o [3 ;meh iic&uarggiz :T
Manusl Staff 2 0 13 Ballown 7 l
Manual Staff A 0 & Knchen o
Manual Siaff 2 0 9 Kichen
‘ Manual Staff 2 0 R ‘Kiichen
Manual Stall 1 n 0 Ackrnsiratues -
Manual StalT 2 o HAl . '\uimmi'hj_e_-ll__
Manua| Saff ] 0 9 .(':lfcicrlm .
Manua} General 4 0 R Homs oy
{otal Faucets 44 Avg Flow Rate 10.06




RACS
Type | Tank Handle | Location | Totalin W.C. No. Leaking Tank Capacity [Notex
Liters
Gravity Top General R 4 2 frameng Covar
Turkish General l 0 12 Tenneng Cana
Total Toilcts 9 A\Elhk Capacity i2
Gravity Calibeated Staff ] o 6 pan Balding
Turkish Calibrated Staff ! [ 4 ‘_hhm “‘ﬂ!ﬂ"‘_ﬁm B
Ciravity Calibrated General 2 4 5 F rech Restazgant
_ Grawity Catibrated General 4 ¥ L S5 Moubng
Grawty Calibmated Staff i o s Bewhng
Gravity Calibrated General 15 0 [ Pt
Grawty Calibrated Stall 2 0 7 .*\(il‘lﬂ'll’“fﬂfiﬂ
Gravity Calibraled General 7 0 4 Mam By
Grawvity Manual General 4 0 12 ' enna< € overe
[Total Toilcts 37 Avg. Tank Capacity 6.08
Table 6. Showers
RACT
Type Lacation Total No. Lesking Flow Raic Notcs
Vmin
Wall General 7 0 11 s
Wall Goneral 4 0 10 Tonms Conts
Wall Staff o 20 Botchen
Total Showers 13 Ai‘ Fiaw Ratc 1207 )
Table 7. Urinals
RACJ
Type Lacation Total Na Leaking Flow Rale [Nobe
Vi or Much
. wowrwd Fawe 'i Farrern
Manual General 2 0 144 Semtr
HEY) i Trxeun
Manual General 2 Q Hi) b enter
Total Urinals 4 A\'traEc_Flow Rate iL2
E Calibrated General 9 0 4 [‘_._i_.li_rz}‘_-ldt_!mg
Cahbrated 2 n s els
Calibrated 2 0 4 Foms fang
| Calitwated 1 0 4 Povic
Total Urinals 16 Avg. Flow Rate 428

10




Table 8. Sinks'Faucets

NRA
Type Lacation Total Ne. Leaking Flow Rate r-m
Limin
Manual General 3 0 5 | R ——
Manual General 2 0 20 o
Manual General | 0 20 -
Manual Generel 5 0 ) Restnelee Instadiad -
Manua] General 3 0 10 B
Manuel General 2 0 s Resincior st
Manual General i 0 3R -
Manual Generai 4 0 5 Resinctos imm!k.\!
Manual Genexal 4 0 I o
Manual General I 0 4 R_t-\’!}f;_’;\'t;&‘
Manual] General l 0 15 B
Manual General 5 0 ) Egmi—nel:w Prxcrabiont
Manual General R 0 0 ‘ o -
Manual General 2 0 s Resineny ferctathod
Manua] General 5 0 55 _“R("Il!c?‘t‘r RN
Manual General 5 06 Resnowe i
Manual General 2 0 E -
Manual General 1 0 0
Manual Genernl k) 0 R E:*R('Slﬁa':!!'! 5::%;?&1!
Manual General 2 0 5 TRestiwig Ewct;%{;
Manual General 2 O M)
Manual General 3 0 « Rexinctor bl
Manual General 2 0 In .
Manual Gencral ; 0 f Restrcko instafant
Manusj General ] 0 8 Restaxctoe fsrallen!
Manual General 4 0 12 o '
Manual General 3 0 10 -
Manual General 7 0 i Is
Manuai General G o N Restnctee tetaficl
Manual Generl 7 0 s 1 __7,,,,,,,,.
Manus| General 6 0 4 Restotee laeiiod
Manual General 4 0 20 I o
Manusl Generxal 1 0 s L
Manual General ! 0 20 - ,
Manual General I a 78 a tcs!::csw fralial
Manual General 3 0
Total Faucets 13} Avg Flow Rate’ 14.90

* Avernge Flow Raie Calculated Using Non-Restricted Flows Only
£ B

1




Table 9. Toilets

NRA
Type ] TankHandle | Location | Total in W.C. No. Leaking Tank Capacity  [Notcs
Liters
| Grawity General ] 0 l
Turkish General 2 0 9 T o
Turkish General H 0 g
Gravity General I 2
Gravity General 2 I n -
Turkish General 1 ) o
Turkish General 6 3 9 o
Gravity General 6 1 9 o
Gravily General 3 0 1S -
Turkish General | 0 9 T -
Gravity General 2 0 o S )
Turkish General R 0 9 e
| Twkish General 8 6 B
| Gravity General 1 0 « o )
Turkish | General 4 3 )
Grawity General 7 4 o
Total Tollets 56 Avg. Tank Capacity RIS
Table 10. Urinals
NRA
Type Lacation Total No. Leaking Flow Rate PNoded
Vmin or fluch
Manual General 14 2 4 N .
Manual Genersl 4 0 R o
Manual General ! 0 12
Total Urinals 19 Avg. Flow Rate 8285
3.1 DISCUSSION OF AUDIT RESULTS:

Generally, the faucet and shower flow rates and the toilet tanks’ capacities at the study

sites were higher than the recommended international standards.

Some of the water

fixtures at the study sites, however, were acceplable, according to the same standards

12




Therefore, comprehensive retrofits were not deemed necessarv at those locations  The

recommended flow rates were as follows:
1. Faucets: 6 liters per minute
2. Shower heads: 9liters per minute
3. Toilet tanks: 6 liters per flush

The following setions discuss the main findings of the waler audits, and presents the

recommended retrofits for each site.

3.1.1 Philadelphia Hospital:

The average faucet flow rate at the hospital was 9.39 liters per minute  The majonty of
the faucets, however, had flow rates as low as 6 liters per minute which falls within the
recommendled values. Such low flow rates are belived 10 be due to calaficaton rather
than the use of water saving technology. Therefore, it 15 recommended that all the
faucets at the hospital be retrofited  The shower heads also demonstrated lugh flow raes
with an average flow rate of 11.39 liters per nunute. Such high flow rates warramt the
installahon of water saving technology to reduce the flow in those shower heads to the
recommended flow rate of 9 liters per minute  Finally, the 1ollet tanks had an average
capacity of 7 lhters per flush  Although wathin the acceptable range for todlet tank
capacity, it 1s recommended that all the toilets be equipped wath water saving technology

to reduce the amount of water per flush Replacement of the tolet tanks, however, 15 not

recommended.

13



3.1.2  Royal Automobile Club of Jordan:

The RACJ site was divided inlo two separate parts; the Driving Trammng Center, and tiwe
Club Main Buldings. The reason for domg so was the high vanabhty m flow raies
between the two parts. The Training Center had extremely high flow rates and 1ewlet tanh
capacities. The average faucet flow rate, umal flow rate, and todet tank capaciv were
23.5 liters per minute, 122 hters per second, 12 Iters per flush, respecinely  Those

values warrant comprehensive retrofitting of water fixtures at the RAC) Dmvng Center

The main buildings, on the other hand, had an average faucet flow rate of 1006 luers por
minute, and an average shower flow raic of 12.07 hiters per nnute The towlets aml
unnals were calibrated with flow rates of 608 lters per flush and 4 25 hiers per Nu<h,
respectively. The flow rates for faucets and shower heads warrant the utihzation of wars
saving technology, while those for tolets and wurmals are wathin the ecommendad
miemnational standards. Therelore, retrofiting 1s only recommended for the fawets ad

showerheads at the RACJ's main buildings

3.1.3  Natural Resources Authonity:

The average faucet flow rate at this facihty was found 10 be 149 liers per nunuie
Several faucets at the faality has flow rates within Ihe recommended miemancai
standards. Such low flow rates, however, 15 attributed to the use of resinctors Due o
the himited durability of such devices, it 15 recommended that thev be replaced with
aerators. The average tolet tank capacity was found to be 8 35 hters per flush  Waiwr
saving technology 10 reduce the flow rate to ¢ hters per flush & recommended  Finaily

the unnals had an average flow rate of 5§25 liters per flush which was believed 10 be



within the range of acceptable intcrmanonal standards  Therefore, onlv rewofitting of

faucets and toilet tanks 1s recommended at the facihity.



Chapter 4
WATER SAVINGS CALCULATIONS

In order to conduct water savings calculanons as a result of mstaling water saving
devices at the study sites, certamn behavioral assumptions have to be made  Reviews of
previous studies were conducted to arnve at the most accurate assumptions descnbing
people’s behavior at the study sites. The following sections summanze the behavioral

assumptions and water saving calculations for the three study sites

4.1 PHILADELPHIA HOSPITAL

Generally, there are three categones of people that use water faciliies at the Hogputal

Those are:
1. Staff
2. Patients
3. Visttors

There are a total of 65 employees at the Hospital  The “staff” was further sub-dinaded

mio three groups resulting in a total of five differemt groups among the bospual

population. The three staff sub-groups were

- Nurses (40)
- Surgeons (5)

- Other (20)



The maximum patient capacity of the Hospital is 31  The total number of patents at am
given time was approximately 65 percent of the maximum capacity which results i an
average occupancy of 21 patients at any given time duning the year. In addibon, Hogpatal
statistics revealed that the daly number of wistors 1s S wisitors per bed. and the 101
number of visitors to the Qut-Patient Clinics 1s 15 wisitors per day, resulting n a total of

20 wsitors per day.

Each of the groups has different water consumption behaviors according 0 the nature of
their dutiess The water saving calculations were preformed for faucets, toilets,

showers. The results are summanzed below.

4.1.1 Faucets:

As mentioned before, the Hospual population was divided mio five groups  Table 11

summarizes the behavioral assumptions pertaining to each group

Table 11, Foet Usige Bechaviorsl Axsamptions

Group Total Frequency of Duration per Usc
Faucet Use per Day

(sec)
Nurses 40 0 in
Surgeons 5 12 30
Staff | 20 3 30
Patients 21 3 120
Visitors 6 | 30

* only 307w of the tolal visstors were swumcd to one 2 faucet once dune g ther sl



Using the numbers above, the weighted average fiequency of daly faucet use por
employee is 8 times with a duration of 30 scconds each time the faucet i1s used The
frequency of daily faucet use per patient 1s 3 times with a (requency of 2 mmutes
Finally, the frequency of daily faucet use per wisitor is once with a frequency of 30
seconds. Since the average flow per faucet 15 9.39 hiers per minute, the installation of an
aerator that reduces flow to 6 liters per munute is expected to save the followang amounts

of water:

Stalf = 65 employees x (939 - 6 Iilers/nunule) x (363 daysAean) x (8 usesiday ) x (U S munate use

HOO fersim”'

=321.7 m' of water saved per vear

Paticnts = 21 pabents x (9 39 — 6 liters/munuite) x (363 davsAear) x (3 usesidnyd X (2 npnoteuse

L
{0061 hters/m

= 155.9 m’ of water saved per year

Visitors = ¢ visitors X {

1000 Jiters/m

=3.71 m" of water saved per vear
Therefore, the total water savings anticipated from mstalhng faucet aerators s

=321.7+1559+37] =481 31 m" of water saved per vear



4.1.2  Toilets

As mentioned before, the Hospital population was divided mto five groups  Table 12

summanzes the toilet usage behavieral assumptions petaning to each group

Tabie 17, Tosiet Liange Behon oral Avsumpdsons

Group Total Frequency of Toilet i:“
pev Day
Nurses 40 - r_ o
Surgeons | < I - —I_ N
Staff ' 20 [ ,k! _
Patients ’| : ; B

Visitors : 6 ]

* anly 2% of the 10isl visdoes were ssaarcd 10 use # [axcet ovee dning thear s et

Using the numbers above, the weighled average frequency of dalv tollet use por
employee 1s one time for nurses, surgeons, stall, and visitors. The frequency of daly
toilet use per patient 15 3 tmes. Since the average flow per flush 11 7 liters. the
nstallation of water saving technology reduces flow to 6 liters per flush wineh <

expected 1o save the following amounts of water

Staff = 65 employees x {7 — 6 hters/flush) x (365 daysfiyear) x (1 use/dav})
1000 hters/m’

=23.73 m" of water saved per year



Patients = 21 panents x (7 - 6 hters/flush) x (365 days/year) x (3 uses/day)
1000 hters/m”

=23 m" of water saved per vear

Visitors = 6 visitors x (7 — 6 hters/flush) x (365 days/year) x (] usesday)
1000 liters/m”

=219 m" of water saved per year
Therefore, the total water savings anticipated from mstalling new water saving tonlets is
1
=48.92 m" of water saved per year

=233 +2300+219

4.1.3  Showers:

Table 13 summanzes the shower usage behavioral assumptions pertaming 1o cach grougp

n the Hospital population.

Tahle 13 Shower Umge Bohniorsl Assumplion

Group Total Frequency of Dusation per Use
Shower Use per
Day {min)
Nurses 40 | 7
Surgeons 0 0 0
Staft 0 0 0
Patients 2zl 02 gs
Visitors 0 0 0

20



The analysis indicated that the average flow per showerhead is 1139 hters per nunute.
with dally usage frequencies of 1 time per day for nurses, and | time eveny five davs for
each patient, with durations of 7 minutes and 85 mmutes. respechvely  The nstalianon
of a water saving shower head that reduces flow to 9 liters per minute 15 expected 1o save

the following amounts of water

Siafl = 40 ecmployees X (11,39 — 9 ltas/mimute) » 1363 daysAcar) x (1 usciday) x €7 munuteiuse?

1000 itersAim

=244.2 m’ of water saved per year

Patvents = 21 patients x (1139 - 9 Wters/nunuie) x (365 dnvsgAean) x 0 2 useddan ) x {8 3 e e

1000 hitersim”
= 155.7 m" of water saved per year
Therefore, the total water savings anticipated from nstalling new showerheads 1s
=2442 + 1557 =3999 m" of water saved per year

As a result of the proceeding calculations, the total anhicipated water savings as a tesult of
retrofitting faucets, toilets, and showerheads at the Hospital 15 eshmated at 030 m of
water per year Considenng the Hospital's annual water consumption of approximaich
(2,300 m"), such savings account for approximately 40%  According 10 the Minsin of

Water and Imigation’s taniY, such savings are estimated at JOI) 1,395 per vear

4.2 RACJ

As mentioned before, the RAC) was divided into two parts due to the high vanabidiuv

flow rates and the nature of the services between the Dnving Traimmg Center and the



remaning parts of the Club. Generally, there are hwo categories of people that use water
facilities at the both parts of the club, staff and wisitors  Therefore, water saving

calculations were conducted for each part separately.

.21  Clnb Main Buildings

Two groups of people using water fixtures were dentified. staff. and club
members/visitors.  The number of employees vanes throughout the vear. bowever, there
arc a total of 80 permancent and 50 temporary employees at the Club  The addironal
temporary help 1s utlhized dunng the summer season for a penod of four months  The
resulting average dally number of employees on any given day 15 95 emplovess
Assuming an employee attendance rate of 90%., this would result i nearlv 85 employvees
Similarly, the average number of daly wisitors varies throughout the vear and s
estimated at 1000 visitors per day dunng the summer season, and 200 visitors per dn
throughout the remainder of the year, The resulting average daily number of visitors oa
any given day 15 460 wsitors According to the audit results, retrofiting was onh

rccommended for faucets and showerheads. Table 14 summanzes the behavworal

assumptions pertaiing 1o the use of those fixtures throughout the vear by the enwe club

population.
Table i4 Tirlmviursl Asmimptions for the RACS Main Huildings R
Fixtine Frequency of Use per Day Duration per Use
{sec)
Faucets 3 30
Showerheads ‘ 02 210
™



The installation of water saving technologies 15 expected to reduce the flow rates from
10.06 liters per minute to 6 hiters per nunute for faucets, and from 12 07 lters per numie

to 9 liters per flush for showerheads. The total savings can be calculated as follows

Faucets = 334 people x (10.06 — 6 Wtars/nunute) x (365 dayshear) x (3 usesiday) x (0 S punutciusc)

1000 hersim”

3
=1,231.5 m" of water saved per vear

Showerheads = 354 people X (12.07 - 9 luas/nunule) x (363 davsAean s (0 2 uses‘dav i v {7 nunulcs s

0O Liters/m'
=869.1 m" of water saved per vear

Thus, the anticipated water savings as a result of retrofitting faucets and showerhemds af

the RACY main buildings 1s estimated at nearly 2100 m" of water per vear

4.2.2  Driving Training Center

Two groups of people using water fixtures were identified. stall and visitors The
number of employees is 20, wihile the average number of visitors 15 120 visitors per dav
Assuming an empioyee attendance rate of 90%, a lotal nearly 18 emplovees per dav are
expected to be present at the facility.  According to the audnt results, retrohtting was
recommended for faucets, unnals, and toilet tanks It 15 assumed that 30% of the visitors
use the water fixtures. Table 15 summanzes the behavioral assumptions pertaming 1o the

use of those fixtures throughout the vear by visitors and emplovees



Table 1S Rehaviars!l Assimpiions far the RACS Driving Training Center

Fixture Frequency of Use per Day Duration per Use
(sec) _
Faucets 07 in
Unnals 04 ‘ 10
Toilets ‘ 0s NA

The installation of water saving technologies 15 expected to reduce the flow rates from
235 liters per muinute 10 6 liters per minute for faucets, and from 12 2 liters per nunute 10
6 iters per minute for unnals, and from 12 hters per flush to 6 hters per flush for wiets

The total savings can be calculated as follows

1000 htersAn'

=219.7 m" of water saved per year

Unnals = 138 people x (12 2 - 6 liters/munute) X (260 daysyear) X 10 4 usee’dan ) X (D 16 nuneuse s

000 hitcrs/im'

= 151.5 m’ of water saved per year

Toulets = 118 people x (12 - 6 higs/Mlush) x (200 dayshcar) x (0 § useshidng g
1000 hicrs/m”

= 107.64 m® of water saved per vear

As a result of the proceeding calculations, the anticipated water savings as a tesult of

retrofitting faucets. unnals, and toilets at the traming center 1s estmated al nearlh 478 m’



of water per year. The total anticipated savings at the club are estimaled at nearly 2 S80
m' per year. According to the Mimistry of Water and Imigation’s tanfT, such savings are

estimated at JOD 3,870 per year

4.3 NATURAL RESQURCES AUTHORITY

Here, only two types of water fixtures are recommended for retrofitting. faucets and tolet
tanks. Due to the nature of services offered by the Authonty. visitors’ use of water
fixtures was considered neghgible and was therefore dropped from the analvais  As a
result, only the 993 employees were considered to use water fixtures at the Authoney
The frequencies for dally usage are summanzed o Table 16 below  Fiplovee

attendance rate on any given day was considered to be 90% (1., 894 emplovees)

Table 16 Beimsiorsl Asmrenption For the Natursl Rewsarces Autherits . o

Fixture ‘{ Frequency of Use per Day Duration per Use
l (sec)
Faucets 3 in
E — ———
Toilets ] § NA

The installation of water saving technologies 1s expected 1o reduce the flow rates frem

14.9 liters per nunute to 6 hters per minute for faucets, and from 8 35 hiers per flush 1o o

liters per flush for toilets. The total savings can be calculated as follows

Fauocts = 894 employves x {149 - € hters/mupuie) x (260 dayshoarn x (3 uses/day) x 10 8 mmuloiuses

1000 |yersim’

= 1,034 m” of water saved per year



Tolets = 834 employees x (R3S - 6 hiters/lush) & (260 davsfyear) x (15 uses/davy
1000 hiere/m’

=819.35 m" of water saved per year

As a result of the proceeding calculations, the total anticipated water savings as a result of
retrofitting faucets and toilets at the Authonty is estimated at nearly 1830 m’ of water por
year. Considening the Authonity’'s annual water consumption of approximateh (3 880
m’), such savings account for approximately 38% According 1o the Mumsinv of Warer

and [rngation’s tanfY, such savings are estimated at JOD 2,745 per year

4.4 CASH FLOW ANALYSIS

4.4.1 Philadelphia Hospital

Tabie 17 summanzes the cash flow analysis over a penod of § years for mvestmg

retrofitting the water fixtures at the Hospital The following summanzes the cost of

equipment:

38 faucet aerators (@ JOD 2.5 Ea. = JOD 95

28 toilet attachments @ JOD 18 Ea = JOD 504
28 new shower heads @ JOD9Ea = JOD 252
Total equipment cost JOD 851
Installation (10% of equipment cost) = JOD 8S
Maintenance (5% of imual cost) = 0D 42
Total Anmnal Expenditures : JOD 42
Anticipated Savings = JOD 1395

20



Tabic 17 Cash Flow Anahvsic for the Philadelphia Hespital

Beginning of Year Expenditures (JOD) Total Expenditures ] Saving
Equipment | Installation O+M JOD JOoD
1 851 RS 0 936 0
2 0 0 2 42 1,308
3 0 0 T42 42 1308
4t 0 0 42 47 1,398
5 0 0 42 R 1,305
6 0 0 42 42 1,308

Using an annual interest rate of 7%, the cash flow analysis of the above amounis reveal
that the Net Present Value of the mvestment (NPV) is approximately JOD 4300 wath a

payback period of approximately & months, thus, indicating the feasibihty of the

investment.
44.2 RAC)

Table 18 summarizes the cash flow analysis over a period of § years for unestg m

retrofiting the water fixtures at the RAC). The following summanzes the cost of

equipment:

55 faucet aerators @ JOD 2.5 Ea = JOD 138

9 toilet attachments (@ JOD |8 Ea = JOD 162
13 new showerheads @ JOD 9 Ea = JOoD 117

4 urinal attachements @ JOD 2 5Ea = JoD 1o
Total equipment cost - JOD 527
Installation (10% of equipment cost) = JOD 53
Maintenance (5% of mhal cost) = JoD 27
Total Annual Expenditurces JOD 27
Anticipated Savings = JOD 3870

27



Table 18 Cash Flow Anshae for the RACH

Beginning of Year Expenditures (JOD) Total Expenditures | Saving
Equipment | Installation JO+M JOb oD
] 527 80 0 607 0
2 0 0 27 27 3870
3 0 0 27 27 IR70
4 0 0 27 2 3g70
5 0 0 27 2 3870
6 0 0 27 27 ER B

Using an annual interest rate of 7%, the cash flow analvsis of the above amounis revenl
that the Net Present Vaiue of the investment (NPV) 1s approximately JOID? 14.00% wath a
payback period of approxmmately 2 months, thus, mdicaing the feasuhinn  of ik

mvestment.
4.4.3 Natural Resources Authority

Table 19 summanzes the cash flow analysis over a penod of 5 vears for imvesung m

retrofiting the water fixtures at the NRA  The following summanzes the cost of

equipment

119 faucet aerators (@ JOD 2. SEa = JOD 298
56 toilet attachments (@ JOD 18 Ea= JOD 1008
Towal equipment cost - JOI 13016
Installation {10% of equipment cost) = 0D 130
Maintenance (5% of inital cost) = JOD 65
Total Annual Expenditurcs - JOIY 65
Anticipated Savings = JOD 2,748



Table 19, Cash Flow Arwhysis for the NRA

Beginning of Year Expenditures (JOD) Tota! Expenditures ] Saving
Equipment | Installation |O+M JOD JOD
1 1,306 130 0 1436 0
2 0 0 65 65 2745 |
3 0 0 65 65 2.745
Y 0 0 ] 65 65 12745
5 0 0 65 65 2%
6 0 0 65 &5 2.745

Using an annual interest rate of 7%%. the cash flow analysis of the above amounts revea
that the Net Present Value of the ivestment (NPV) 1s approximately JOD & o) wath a

payback period of approximately 6 months, thus, indicaung the feasibihv of the

investment.

4.8 CONCLUSIONS AND RECOMMENDATIONS

As can be seen in the previous section, the investment in retrofuting the various water
fixtures at all the study sites s very feasible The investment payback penod 15 estimated
at less that one year for the three sites  The study team highly recommends that the sites
adminustrations senously consider the retrofitting process  Additional recommendatons
include conducting detailed behavioral observational studies 1o vahidate the behavworal

assumptions made in this study, and conduct further analysis on the anticipated enern

savings as a result of the retrofitting process
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PARTICIPANT FEEDBACK AND EVALUATION:

The general feedback from the paricpants was very positve m terms of them

comprehending and absorbing principles of “Water Audits”™ and all the necessan water

consumption/saving calculations and measuring the Nnancial feasibthty of WSD'c as a

result of the retrofiting process. Additional feedback from the participants included

6.

Recommendations to expand n the sections of the tranmg course pertamng to

energy savings calculations as a result of the retrofitting process

Holdmg courses closer to their emploviment locations

Conducting similar workshops for a wader vancty of govermmental apencics
Making arrangements for transportation to and from the course location

Arranging site visits for the largest consumers dentified by the WEPIA <tich

team.

Teaimng on the mstallation of WSD's, and mvolvement in retrofiting projects

Further utilization of the meda to convey the message.

i



PARTICIPANTS:

Name A fTiliation Addres Telephane
Bilal Abdul Qader MOH Ramtha 02 T3RIMOFS
Atcf All Abass: MOEL North Shama 67 CARTIOD
Manshya
Sultan Al Abduilah MOI Ibn Obayda {losptal 02 A5ATE
Mashare’
Rafec’ Musa MOt Princess Raya Hosptal 07 6321600
Dewr Ala Saced
Hayel Hussen Sgoor MORI Malh 1w Jahal {lospstal a2 AR
Mashare” 7
Mohammed Rarakat MK Princess Radeea | lospatal RIS
Husn
Khiaif Al-Tal MOHT Princess Rahama Hospual M 700eRs
Irtnd o
Abdul Majeed Shbool MO Ramtha 02 TIRRTLE
Bilal Shannaa® I MOL Ramtha Hospatal 02 TIRVEAR
i Ramtha 1
Ibrabeem Algam o Tiﬁt'}“’i - WAL {0 AAR v
: Amman o
Jihad Al-Shareel MOW] WAl Of s
| Anunan o
- Tawfiq Manascer - MOWI WAJ 06 SERiwn
Amman N
Shibh Abdullah Mustalfa  ~ MOIE Rany Kinanah Health | 079 9373R2
Iarectomlte
Iriwd = B
Al Arabival MOWI Balgp Water [Dirctorate 08 335744K
; Raiqa
Walid Wishah - MOWIE Halgn Water [ aretorale 05 X551448
Balga
l Issa Abu Zar © MOW] walj 03 1244208
' ' Amman e
1 Abhmed Kharabsheh MO Amman On Sa0TERD
Fans Froincars NRA } Natwal Resouroes Authonty O SR28%19
i Anunan _ L
Sameh Al-Naber MR { Amman 0fh M7 IR
Fathi Abdul Quder - MOW!E T WAJ 03 RALR
: . Zarcp L
Issam Hamarsheh CMOWT CWAJ 0 AR5
. : Zarga




