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CIItqJtu 1

INTKODUCfION

1.1 E11eot of ProbImJ

Water is considered the most valuable of all natural resources in the Middle East Conllnued

population growth, limited water supplies, and political constraints have caused S1gnUlCalt

challenges to water resources management in the region. The Hashemite Kingdom of Jordan

faces a chronic imbalance in the population-water resources equation. In 1990 the

population was nearly four million and the nationwide demand on water was apprownately

1,000 million cubic meters.

In 200 I the population was estimated at five million with waJer demand at 1,250 l11Ilbon

cubIC meters, representing an increase of nearly 25% in both population and demand for

water. Avai1able water supply, however, only increased by about J2% (from 850 l11Ilbon

cubic meters to 950 million cubic meters) in the same period. The increase in water supply

came through greater use of grOWldwater aqwfers, sometunes to levels beyond the safe yJeld.

wastewater reuse, and additional rights to water from the Jordan River System. ",tueb the

counby gained after sigrung a peace treaty with Israel in I994. However. the "''liter deficit IS

expected to continue rising and will likely reach 400 million cubic meters III the year 2020 as

shown III Figure I. Furthermore, the daily per capita share of water in Jordan IS COflSId«ed to

be one of the lowest in comparison with both world and neighbormg countIy averages By the

year 2025, available annual water sources per capita III Jordan are esumated at 91 cubic

meters. compared to 645 cubic meters, 3 II cubic meters. and 161 cubic meters III Egypt.

Israel, and Syria, respectIVely.
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Because of its limilcd supply. the etlicienl ,U1d produclivc use of WOller has become a central

goal of bo!h domestic and international development projects. Measures have also been

taken 10 mitigate problems related to permanent water shortagcs. Tbcsc includc public

awareness canlpaigns. rehabilitation of existing networks. and rationing of WOller supplied for

domestic and irrigation purposes. However. due to the searcity of water. careful oontinucd

water use planning is required and should address various water rights. priority for reasonable

domestic use, established socio-cconomic development and o!her uses such as agriculture.

industry, and tourism. Despite huge inveslments in the water sector, Jordan will still face a

considerable WOller deficit.

In pasl dccades !he government of Jordan has developed eXlensive water resources

managemcnl sehemes. Jordan is presently over-exploiling its watcr resources. Wat.:r Icvels

arc dropping, ground\\llter resources arc being mined. and domcstic water supplies do not

reach adequate standards. One of !he primary aClions rcconmlended as a remedy for this

crisis is !he reduclion of WOller demand for domeslic usc. also kno\m as "'ater Jenul1IJ

management. As ncw water supply sources have become less accessible. and as developing

!hem has become more expensive and less environmentally acceptablc. managing demand

has taken on increasing importance globally', Demand management has pro\'en 10 be \'cry

important for coping wi!h climate change, both because il promotes efficiency and b..-causc it

enablcs a considerable amount of flexibility in water resource management.

1.2 Water Efficiency and Public Information for Action

As part of its continuing efforts to develop water demand management strategies. Jordan's

Ministry of WOller and Irrigation launched !he Water Efficiency and Public InfomJation for

Action (WEPIA) program. This three-year projecl is implemented in collaboration "'i!h the

Academy lor Educational Development and is funded by the United States AgcllC)' for

Internalional Development. The project deploys social marketing techniques to promote the

usc of water saving devices (WSDs) on domestic water fixtures. WEPIA's primary targets

are large residenlial and commercial consumers of WOller.

An assessment conducted 011 !he beginning of the program indicated lhal although Jordanians

were aware of !he water scarcity problem, !hey fell it was Ihe government's responsibility' 10

find solutions through !he construction of dams and usc of groundwater resources. The sludy'

also found !hat among Jordan's large consumers of WOller. large industries and corporations

were familiar wilh WSDs and had inleresl in WOller conservalion lechniques bUI were using
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"restrictors" on their faucets instead of "aerators:' Evcn though restrictors reduce flow in

faucets, thcy negatively impact the comfort of the user and do not mcct official standards for

being considered WSDs. By contrast, aerators compensate any reduction in water flow with

air, whieh docs not affcct the comfort of the user and helshc often docs not even realize that a

WSD has been installed on the faucet. WEPIA's study also revealed a general lack of

awareness about WSDs among average citizens. They were seldom used in residences and

dwelling units simply because citizens believed it was the government's responsibility to

ensure water availability.

In attempt to promote the usage of WSDs in large consumlOg public entities and

governmental entities, the WEPIA projcct initiated a one-year program that aimed at

convincing 30% of such consumers to install WSDs on their water outlets. The International

Research Corporation (IRC) of Amman. Jordan was hired to implement this program W1dcr

the supervision of the WEPIA project. It should be mentioned that preliminaf)· findings of

studies conducted by WEPIA revealed that Jordanians generally find personal cost savings to

be a more compelling reason to conserve water than awareness of the country's water scarcity

problem. As a result. WEPIA developed a procedure referred to as "water audits" to be used

as a tool to promote the use of water saving devices. The "water AudiC procedure was the

main tool used by the IRC to mect the desired target. Thc report at hand summarizes the

results of the IRC activities in terms of water audits and WSD retrofits in the large consuming

public entities and governmental buildings in Jordan.

1.3 Objective

The overall objective of this wori\. was to convince 30% of large water consunling public

entities and governmental buildings to install WSDs on their water outlets.

The specific objectives of this work are as follows:

I. IdentitY the large water consuming public entities' wliverse throughout the Kingdom.

2. Conduet Water Audits for as many public entities as possible.

3. Use the results of the audit to convince decision makers to install WSDs.

4. Provide tcchnical assistanee to public entities throughout the WSD procurement phase

5. Conduct "post-audit" inspections to veritY if the installed WSDs were up to standard.
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6. Conduct training workshops for public entities' maintenance engmeers on water

audits, and

7. Prepare a water audits training manual for public enlities' mainlenance engineers.

1.4 Summary of Other Chapters

The oulcome of this work is presented in this report. The pertinenl lilemlurc is re,-iew,,-d in

Chapler 2. The methodologies implemenled in Ihis research arc prc:.cnted in Chapler 3. The

results arc presenled in Chapler 4. The conclusions and £<.'Commendalions arc presenled in

Chapler 5.
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Chapler2

LITERATURE REVIEW AND TECHNICAL BACKGROUND

When discussing Waler Saving Devices and Waler Saving Techniques. one cannol over look

the concepl of Water Demand Managemenl (WDM). Waler demand managemenl can be

defined as those eOfiSCrvalion measures that improve waler use efficiency. increase waler use

and recycling, and minimize water waste. Reducing waler use can be equated through

effective demand management with increasing supplies, keeping in mind thai savings in

waler translale inlo increasing supplies. WDM concepts and practices are applicable in all

seclors including domeslic, agricultural, industrial, and other water consuming sectors. In

general, demand managemenl planning should incorporale; gathering infonnation aboul

exisling and fulure supplies, identifying water-relaled problems and issues. profiling waler

demands by user groups, and detailing current and projecled waler demand and wastewaler

flow from each user group. Once these clements are secured, the fcasibilil). benefits. and

costs of demand managemenl measures should be evaluated. The most elTective components

of the program may then be selecled and implemenled. For inslanCC. H. W. HolTman. head

of the Municipal and Commercial Conservalion Unit of thc Texas Waler Development Board

(TWDS), identified the main elements of programs thai mandatc walcr conscrulion. lie

emphasized thai waler conservalion plans ~hould include public infonnalion and education

programs, tighlened plumbing codes, leak delection and repair programs. drought

contingency planning, walcr-saving landscaping, water recycling. and reuse and ratc

struclures thai encourage conservation. Mosl of those elemenLs coincide ",~th the objectivcs

of the WEPIA progmm currently being implemenled in Jordan. 1bc leak delcction/repair

programs, and the struclures thai encourage conservation arc in line ",~th the WEPL-\ watcr

audit aClivitics.

The main components of WDM stralegies thai were undertaken by the elTon al hanJ were to

gather information aboul waler consumption, identifY "',lIer-related issues pcnaining to

consumplion and flow of waler in sanitary fixlures, invesligale and model waler demands and

consumptions by the diftcrenl user groups, and explore the feasibility. benefits. and cosLs of

demand managemenl measures. For the program al hand. the demand managemenl measures

were mainly through the utilizalion of waler saving devices. which ",~II be funhcr defined in

a following section.
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A waler audit can be considered as an aceounling procedure. One of the purposes of a water

audit is 10 accuralely delennine the amount of wasled water due to leakages and over-l1o\\ing

water fixlures. With this detcnnined. a waler audilor can eslimale the amount I' waler sa\'ings

as a resuh of deploying waler saving measures such as Water Saving Devices (W50s).

WSDs can be defined as waler fixture attachments Ihat reduce waler consumption \\ithout

compromising its function and without diminishing its user satisfaction. The main benefit of

deploying WSDs on water fixtures is the reduction of water /low through the lap or shower

and compensating the reduction by adding air. thus. e1iminaling the feeling of a redu.:tion in

the amount of now. Other advantages of WSDs inelude case of installation and maintcnan.:e.

and availability in the local markets. The following paragraphs summarize a revie\\ of th.:

literature pertaining to water efficiency programs and the advantages of utilizing WSOS.

2.1 Literature on the Importance of Residential Water Use EffieienC)° Programs and

Campaigns

An assessment conducted by the U.S. Environmental Agency (EPA) reported that efficicol

walcr usc could have major environmental. public health. and economic benefits by helping

to improve water quality. maintain aquatic ecosystems. and protect drinking water resources.

The EPA indicated that the el1icient usc of water. through behw·ioru/. operalimkJ/. or

e,/uipmefll changes. if pmcliced broadly could help mitigate the effccts of drought. The

EPA's assessment also indicated that el1iciency measun.'S could also save the homeowner

money on their water and energy bills. They provided a number of measures that can be a

step towards improved domeslic waler usc efiicicncy. For instance. they indicaled thaI the

bathrocm is where over half of all waler use inside a house takes place. thus. practices such

as nOI \cuing the waler run while shaving or brushing teelh. taking short sho\\ers instead

baths, lurning off the water while soaping or shampooing could all rcsuh in significant

savings al home. They also identified waler saving praetic('s in the kitchen. Thos included

keeping drinking water in the refrigerator instead of letting the faucet run until the water is

cool, \\ash fruits and vegetables in a basin. washing only full loads of laundr)' or usc the

appropriate water level or load size selection on the washing machine could also rcsuh in

water savings. Finally, and most importantly, the assessment indicated that such behavioral

practices MUST be supplemented with the ulilization of proper water efficiency equipment

(i.e.. WSDs). since they could save about 30"10 of indoor water usc and yield substantial

savings on water. sewer, and energy bills. For instance. their study recommended the usc of

high-cl1ieiency toilets, or placing a plastic container filled with water in the lank of a



conventional toilet. The study also recommended the installation of low-flow faucet aerators

and showerhcads after repair all leaks in such fixtures, especially that a leak) toilet. for

example, can waste up to 200 gallons per day.

TIle EPA in cooperation with 17 local water systems in the U.S conducled another stud~".

The involved water systems were able to arrive al saving substantial amounlS of natcr

through strategic water-cfficieney programs. Savings that often translate into capital and

operating savings, which allow systems to defer or avoid significant expenditUfCS for waler

supply facilities and wasteYiater facilities. In many of the participating cities, the scope of

water conservation programs has expanded to include nOI only residential customers, but

commercial, institutional, and industrial customers, as well. l1lcir cITarts resulted in tangible

outcomes achieved by water conservation progmms implemented at the local IncI.

Ashland, Oregon, which is a small city of approximately 20,000 people.....as one of the

participating communities. The annual water usage is approximately 150 gallons per capiLa

per day. Facing water shortages, the city had two options available to increase water

supplies. The first was to create a reservoir by damming Ashland Creck at a cost of

approximately $11 million. The second was to lay 13 miles of pipeline to the Rogue River at

a cost of approximately $7.7 million. The city decided, however, that neither option was

fiscally or politically feasible. AsWand. therefore, decided to implement a four-point water

eIliciency program to address its water supply problem. Their water conservation program

became a natural addition to the city's existing resource conservation stralcg)". which

addresses energy efficiency, regional air quality, recyeling. composting. and Ian.! usc. In

1991, the city council adopted a water eIlieieney program with four major compoll<.'Ilts:

• System leak detection and repair,

• Conservation-based water rates.

• A high-efficiency showerhead replacement program, and

• A toilet retrofits and replacement program.

The cit)' estimated that these programs would save 500,000 gallons of water per day at a cost

of$825,875-approxirnately one-twelfth the cost of the proposed dam-and would delay the

need for additional waler-supply sources until 2021.

Implementation of the program began ....ith a series of customer ",ala audiJs. which in tum

led to high-effieiency showerhead and toilct replacements and a $75 rebate program (later
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reduced to $60). Ashland also instituted an invened block rate structure to encoUl'al;e water

conservation. Recently. Ashland began olTering rebales I;)r efficient clothes washers and

dishwashers (including an energy rebate for customers with electric water heaters). lllC tovm

provides a free review of irrigation and landscaping. as we'l. Implementation of Ashland's

Waler Conservation Program began in July 1992. By 2001. almost 1.'XlO residences had

received a water audit. Almost 85 percenl of the audited homes in Ashland panicipatcd in

the showerhead and/or toilet replacement programs. Ashland has been able tll reduce its

water demand by 395.000 gallons per day (16 percent of winter usc) and its wastewater 110w

by 159.000 gallons per day. An additional bene/it of the program has lJ<.'Cn an estimated

annual savings of 514.000 kilowatt-hours of electricity. primarily due to the usc of efficient

showerheads.

Faced with similar water problems. the city Car). Nonh Carolina recognized the need to

incorporate conservation into its integrated resource management: the Car)' lown .:ouncil

adopted a water conservation program in 1996 with the following goals:

• Redu.:e the town's average per capita water usc by 20 percent by 2(11·1.

• Suppon the high quality of IiIe in Cary by prov'iding safe. reliable waler seni.:e. while

reducing per capita usc of water.

• Consen'e a limited natural resource.

• Reduce costs of infrastructure expansion.

In 1999. Cary decided to have its eonsen·ation programs place a greater emphasis on

measures that could reduce peak-day demand during the high-volume summer months. 'lllC

resulting 10-year Water Conservation and Peak Demand Management Plan was ba.....'d on a

careful benefit/cost analysis of numerous potential conservation programs. According III the

plan. any conservation measures undenaken by the city was required 10 nl<:Ct cenain .:riteria:

• A benefit/cost ratio greater than 1.0

• Reasonable cost

• Significant water savings

• Non quantitiablc but positive cfTects (l"Ommunity ae.:eptanecl

As a result. Cary's water conservation program consists of eight clements: Public Edocation.

Landscape and Irrigation Codes. Toilet Flapper Rebales. Residential Audits. Cllnscnatillll
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Rate Structure. New Homes Points Program giving extra points for subdi"isions that use

selected water-efficient measures, Landscape Water Budget where Large public and pri"ate

irrigation users arc provided monthly water budgets that identify the appropriatc walering

needs for their situation, and a Water ReclanJation Facility.

As a result of the program. water conservation in Cary will reduced retail water production.

The city has delayed the two water plant expansions. projecting that the Io-year savings from

water conservation will be I mgd and 2 mgd by 2019. Cal}"s watcr n..c1amation facility is

expected to cut peak demand in the city by 8 percent. Also, City ordinances restricting water

usc considcrably decreased usage during peak demand months. City residents hav'e n.'\Ieemcd

approximately 500 rebates and have purchased more than 1,000 flappers.

Iiouston. Texas. which rcceives an average of 50 inches of rain per year. has sufficient water

supplies to meet demand through 2030. However. nearly 43 pen:ent of Houston's water

comes from groundwater sources that arc threatened hy increasing instances of land

subsidence, saltwater intrusion. and flooding. In some areas, the land has actually subsided.

or sunk. 10 tCct. Conversion to surface sources or expanded use of surface water ",ill require

costly construction of water treatment plants and transmission mains. In addition. Iiouston is

required by state regulations to reduce groundwater usc 20 percent by 2030. These factors

combined have led Houston to explore methods for marJaging its groundwater supplies. As a

result. Houston implemented water conservation programs to help reduce city expenditures

and capital investments. In 1993. the Texas Natural Resource Conservation Commission also

rL"quired Houston to implement a conservation plan to meet state n."quiremcnts. Their

conservation program had four clements:

• Education program

• In-house program

• Contract customers program

• Conservation planning program

The education program consistcd primarily of outreach initiatives. as well as efficienC)"

retrofits for older structurcs. The in-house program included city irrigation audits. lcal

detection and repair for city pools and fountains, and arJalysis of city departments' ",ater usc.

The contract customers program eliminated unnecesS3f)' requirements: required billing baSL'I.I

on actual water use. and added penalties for excessive watcr usage during IJCak.Jcmand
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periods. The conservation-planning program began in 1994 when Houston was awarded a

grant from the Texas Water Development Board that financed a conservation planning study.

The study examined the cosls and benefits of more than 200 conservation measuccs. The

conservation plan adopted by the city council in 1998 expanded existing educational and

other programs to include residential water audits. appliance labeling. commereial indoor

audits. cooling tower audits, public indoor and exterior audits. pool and lounlain audits and

standards. an unaccounted-for water program. increas<.'d public education. and a "water-wise

and energy-efficiency program:' Houston also used an increasing-block ratc structure with

two tiers for single-family residents.

Since the program's inception, Houston has distributed 10.000 "Water Wise and Energy

Efficient" conservation kits with high-cfficiency showerhcads and faucet aerators to area fifth

graders as part of a comprehensive education program, the majority' of which were illSlalled

in homes. In addition, a pilot program at a 6O-unit low-income housing development in

Houston replaced 5 gallons-per-flush toilets with 1.6 gallons-per-flush toilets. fIXed lcals.

and installed aerators. At a total cost of $22.000, shared between the utility and the housing

authority, the program reduced water consumption by T2 percent, or I million gallons per

month. Water and wastewater bills dropped from $8,644 to S1,810 per month. Tbcsc

dramatic results have led the Houston Housing Authority to develop plans 10 retrofit more

than 3,000 additional housing units. The Houston City Council approved a new conscnation

plan on September 2, 1998 that included aforecast of the savings from implementing the

recommended water conservation measures. The plan predicted that implementation would

reduce water demand by 7.3 pereent by 2006. Including savings from continued usc of

efficient plumbing products in new construction and renovation. the overall demand forecast

for 2006 will be cut by 17.2 pereent

2.2 Literature on Water Efficient BuildingIPlumbing Codes

When diseussing water saving initiatives and water savings campaigns and programs. one

cannot overlook the importance of building codes. Within a relatively brief period of time

the use of demand management in metropolitan water supply systems. especially inereased

efficiency of use, has become an accepted practice in long-term planning instead of being

confined to its traditional role in drought emergencies. As of 1990 only seven states in the

U.S. had adopted new plumbing codes to require low-flow toilets and showerhcads in new

housing units. By 1994, a large number of states had adopted these codes for new housing.

and an impressive number of cities have initiated financial incentive programs for owners to
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retrofit existing housing unitso Seattle. Los Angeles. EI Paso. and New Yorl were among

them. New Yorl City's Department of Environmental Protection (NYC DEP) is counting on

its retrofit program to etTectively expand the city's supply by 91 million gallons per day' at a

unit cost that is 45 percent lower than its current averagc production cost. Although helpful.

the implementation of water conservation programs without institutional changes in building

and plumbing codes is short lived. Building and plumbing codes is an ctTective tool in

increasing the life span of water conservation programs and in ensuring their sustainabilityo.

The lollowing pages summarize some literature pertaining to water conservalion programs

coupled with plumbing codes modifications.

The city of Albuquerque adopted a Long-Range Water Conservation Strategy Resolution.

which stated. "Conservation can extend the eity's supply at a fraction of the cost of other

alternativeso" The resolution's goal was to reduce total water usage by 30 percCnI by :!()().l. a

decrease of 75 gallons per capita per day over 9 years. The water conservation program

included live componcnts one of which was an anlendmcnl to the local Linifornl I'lumbing

Codc to require high elliciency toilets (1.6 gallons or les:; per !lush) in all new residential

construction. The city also adoptcd a Watcr Conservation Landscaping and Water Wastc

Ordinance. TI1C ordinancc included strict requiremcnts for landscaping new dc\·e1opmcnts.

such as prohibiting the usc of high-water-usc grasses on more than :!O percent of the

landscaped area. As a result. the Albuquerque's water conservation program has successfully

slowed the draw down of the area' s groundwater supply. Estimates indicated that the water

conscrvalion programs would decrease the level of water demand in Albuquerque until :!OO5.

Gilbert. Arizona's rapid population growth has strained water resources. particularly because

Gilbert is locatcd in a very arid region. receiving an annual average rainfall of 7.66 inches

and losing substantial amounts of water armually to evaporation. To assisl \\ith its water

shortage, Gilbert opted to implement a comprehensive water efficiencyo program to help meet

increased water demand. allJ is recognized as the first community in Arizona to d,-sign and

implement a lOO-year water plan. A key component of its plan is the modification of its

building/plumbing code. Building code requirements were introdueed for all new

construction and included n.''1uirements for el1icient plumbing devices and the usc of recy-c1cd

water. Gilbert's conservalion etTorts an: considered a succ.'SS. particularly its ..-tTorts to

modify the building codes to encourage the reuse and recharge all its reclaimed waler. Water

reclamation has hclped the city mcct groundwater managcment gl)als and has pnwidcd an

additional resource for mccting water demand.
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In SC<llllc, Washington, the area has experienced stC<ldy populalion gro"th. Although the city

is known for its rain, SC<lttle experiences dry sWllmers willi water demand at its pC<lk due to

increases in watering. irrigation. and recreation usc. The increasing demand and limits on

existing supplies have forced the development of a dual strategy of demand reduction and

cooperative supply management. The main strategy included a plumbing fixture codes and

regulations, and operational improvements to reduce leaks and other water losses. Seattle's

water conservation programs were very successful. In the 1990s. annual average water

consumption dropped 12 percent. The regional watcr consumption in 1997 was the same as

in 1980. The Plumbing codcs and regulalions have saved more than -l mgd.

2.3 Discussion

As can be seen from the preceding sections. the combination of edUC<ltional programs and

plumbing codes have has a significant effecl in reducing water consumption in a "erity of

communitics in the U.S. Also. efforts such as "water audits" and programs encouraging the

usc of water efficicnt plumbing fixtures can be as effective. As seen in the given examples.

such programs have alleviated the need for major infrastructure projects such as the

construction of dam projects and treatment facilities, which results in signilicant C<lpital

improvement savings. yet covers any water shortages. 'lbe activities of the programs

outlined above arc similar in nature to the WEPIA progranls' activilies in Jordan. lbe

program deploys social marketing lechniques to promote the use of water sa"ing devices

(WSDs) on domestic WOller fixtures. WEPIA's primal)" targets are large residential and

commercial consumers of water.

An assessment conducted at the beginning of the program (WEPIA. 2000) indicated that

although Jordanians were aware of the waler scareity problem. they felt it was the

government's responsibility to find solutions through the construction of dams and use of

groundWater resources. The study also found that among Jordan's large consumers of water.

large industries and corporations were familiar with WSDs and had intel\.'St in watcr

conservation tcchniques but were using "rcstrictors" on their faucets instead of "aerators:'

Even though restrielors reduce flow in faucets, they negatively impact the comfort of the user

and do not meet official standards for being considered WSDs. By contrast. aerators

compensate any reduction in "ater flow with air. which docs not affect the comfort of the

user and he/she often does not even realize that a WSD has been installed on the faucet.

WEl'lA's study also revealed a gener..ll lack of awareness about WSDs among average
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citizens. Thcy wcre seldom used in residences and dwelling units simply because citizens

believed it was the government's responsibility to ensure water 3\·ailabilil).

Preliminary findings from studies conducted by WEI'IA also revealed thai Jordanians

generally find personal cost savings to be a more compelling reason 10 conserve waler than

awareness of the country's water scarcity problem. As a result, WEPIA began to locus on

water audits as a tool to promote the usc of water saving de\iccs. lllc -Water AudiC tool has

been successfully used by the WEPIA projecl in convincing decision makers 10 install waler

saving devices. Tarawlleh et aI administered a waler audil of the \)ni\'ersil)' of Jordan's

Hospital, after which the economic feasibility results of the audit triggered the Jccision

makers 10 retrofit the Hospital, and similar elTons proved elTeclive in other large waler

consuming entities in various sectors. It is for this reason that the WEPIA program launcbcJ

the "water audil- and retrofit program for large water consuming entities in the dilTercnl

sectors; governmental, commercial, industrial, private, etc. The repon at hand summarizes

the results of the efforts of the "water audit and retrofit programs" addressing large ~""lIlsumcr

governmental entities. with the objective of convincing )0% of large waler consunling public

enlities 10 retrolit their water fixtures with WSDs.
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Chapter J

METHODOLOGY

As mentioned earlier, the main objective of this work was to convincc 30% of the large water

consuming public entities in Jordan to install WSDs on their watcr outlcts. To meet the

objectivc, a largc water-eonsuming univcrse of public cnlities was dcveloped. Following

that. watcr audits wcre conductcd at the majority of large watcr consuming cntities in Amman

and Aqaba. Thc results of the audits were then used to convince decision makcrs at those

entities to retrofit their buildings and install WSDs on thcir watcr outlets. This chaptcr

dcscribes the methodology used to collect and analyze thc data. The chapter inch1<ics four

scctions. The first one describes the site sclection (i.e., universe definition) process for this

research; the second describes the data collection (water audit) method used to obtain the data

for this research; the third describes the mathematical analyses used to anal)'ZC the watcr

consumption and anticipated watcr savings data. collccted data. and the fourth describes the

follow-up activities conducted to ensure thc implementation of the recommendations based

on the results of thc water audits.

3.7 Universe Definition

For the purposes of the study at hand, a large water consuming public entity was defined as

any public or governmental entity that eonsumes more that 500 cubic mcters per a singlc

billing cycle of three months, regardless of the number of buildings served by any gi\'cn

subscription. For instance, the Univcrsity of Jordan, which is one of the largest conswners in

Jordan, has 5 water subscriptions that serve nearly 57 buildings on the university's campus.

Therefore. the study team dealt with subscriptions rather than buildings for the purposes of

the study.

To arrive at such universe. the IRC team, and with the assistance of the WEPIA projcct

obtained lists of subscribers consuming more than 500 cubic meters per cycle. natioll\\iJc.

Those data wcre obtained from the Ministry of Water and Irrigation's Water Authority's

(WAJ) computer database. Unfortunately, WAJ's database docs not have the ability to re­

produce subscribers according to a ccrtain required criterion (i.e.. public. private. industrial.

ctc.). Thcrefore, a complcte list of all subscribers from the different categories with a water

consumption rate in excess of 500 cubic meters per cycle was accumulated. The IRe

technical team then sorted out all Governmental Buildings from among the accumulateJ list.

and classified them according to which tl.linistryl Public Agency has authority upon any
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given subscription. Finally, lists of all large consuming governmental buildings. along "ith

the responsible Ministry! Governmental Agency. were generated. In total. 365 large

consuming governmental subscribers were identified, nation"ide. A list of the univcrse is

included in Appendix A.

3.8 Data ColledioD - Water Audits

As mentioncd earlier, previous studies have proven "Water Audits" to be one of the most

effcctive tools in promoting the usc of WSD·s. lberefore. the IRe study learn relied heavily

on the water audit procedure as a means of achieving the goal of retrofitting 30"/0 of the large

consuming public entities.

As the name implies, a "Water Audit" can be simply delincd 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 include the numbers of the various tixturcs (i.e..

faucets. toilets. urinals. showers. etc.) and their respective water consumption as measured by

their potential flow rates. The detailed procedure of conducting a water audit is outlill<-'d in

the following section.

3.2,} Water Audit Procedure

The conduct of a water audit entails the gathering of certain infoffilation relating to water

consumption and water usage habits of the building's inhabitants, The first part relates to

general information on the building and its logistics. which includes: type of usc (e.g..

hospital, school. ministry. etc.), building age, number of floors. number of employ~...--s. and

the number of visitors per day. The second part of the infonnation gathered is more related to

the water consumption rates in the building and includes; total annual water consumption

(from the water bills), annual amount of water brought in b)' tanks. well(s) prodoction. ifany.

and the value of the water bill. The third part of infoffil3tion relates to non-domcstic water

usage in the building. which includes; source of irrigation "'<lter. irrigated area. water

conswnption per inigation, inigation frequcncy, and cars washed (number and frcqUClk.-y'),

The purpose of this data is to lilmiliarizc the auditor with the building h.:ing audited. and to

accumulate data n~'Cessary in the calculations to follow the water audit.

As mentioned before. the water audit also entails counting the water fixtures in the building.

measwing flow rates for the different water lixturcs in the building, and determining the

leakage conditions for those water tixturcs. Since most or public buildings arc big and arc

multi-floored. the IRe audit team usually audited one floor at a lime. To keep track ofall the

17



data collected, the auditors used an Audit Fonn for each audited site (Appendix B). The three

main water fixtures that arc audited are faucets (found mainly in rcstrooms. kitchens. and

laboratories), toilets, and showers. The required infonnation is gathered for each \)JlC as

follows:

Faucets

The total numbers of faucets can be directly counted in the building. However. while

counting the faucets, the auditor has to measure the faucets' flow rates. specify their tyJlC of

threading, and indicate whether any faucets leak or not. To measure the flow rate of a faucet.

the auditor must prepare a container ofkno""n volume (e.g. I liter). prepare a stopwatch. tum

the faucet on all the way. place the bottle directly under the running water. and start

stopwatch to measure the time required to fill the container to its capacity (i.e.. I liter). Then.

the flow rate can be calculated using the following equation

Flow in liters per minutc= 60 seconds

Time measured (sec)

The type of the faucets' threading can be observed directly, and any faucets ""ill be extemally

threaded, internally threaded. or not threaded at all. The purpose of obser..ing the \)JlC of

threading is to detennine the most suitable type of WSD to be installed on the faucet.

Finally, the auditor must observe and record the numbers of leaking faucets. if any. lltis "'ill

help tile auditor detennine any maintenance requirements for the water fixtures in the

building being audited. The importance of detecting and fixing leaks stems from the fact that

a leaking faucets can dispense up to 43 liters of water per day.

Toilets

As with faucets, the total numbers of toilets can be directly counted in the building. The

auditor has to also measure the toilets' flow rates, and specify their \)JlC as Tudish. gravity-.

hidden tank, etc. The size of the toilet tank is usually indicative of the toilet's flow rate per

flush. Since some tanks. however, are not filled up completely, it is recommended to remove

the toilet tank lid, mark the level of water in the tank with a marker. flush the toilet and close

the supply faucet, refill the toilet with a kno""n volume bottle to the mark. and calculate the

volume of toilet tank (no of bottles needed x volume of the bottle). Most toilet tanks in

Jordan. however, have capacities of 6-liters. 9-liters, or 12-liters.
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Finally, to check a toilct for leakagc; the auditor must removc the tank lid.. ched; the overflow

tube, drop in dye tablcts, and wait for 15 minutcs. If color appear.; in the bowel, then there is

a leak in thc toilct. Another approach is to cvenly drop somc powder on the inner walls of the

bowel. If there is a leak. the leaking water will cause streaks in the powder. A leaking toilct

can waste up to 800 liters per uay.

Sbowers

The auditor has to also count the total numbers of showers in the building. measure their

faucets' flow rates, specify their type, and indicate whether any showers IcaI.; Of' not. Flow

rate for showers and detecting leaks is conducted in the samc manner as for faucets.

3.2.2 Water Consumption Behavior

This type of infonnation was essential in the conduct of the water audits. It ccnt....red on

detennining the frequencies and durations of use for the inventoried fixtures (i.e. numbers of

times of use and the respective time-of-use of each type of fixture). This data wen: colleeted

through direct questions asked to inhabitants (cmployees) of the governmental buildings. and

from statistics previously gathered by the WEPIA and IRe technical tearns. It mainly

included the numbers of inhabitants/users by eatego!)' (e.g.. employees. students. residents.

guards. visitors. etc.) as per the nature of the building. It also included the estimated numbers

of fixture use and duration by eaeh category of users.

As mentioned before. watcr audits as summarized .lb." c have been found to be a "Cr)

convincing tool for homem\ners and large water consumers to install WSD' s. 0"'-.... potential

users realize that such simple devices pay for themselves. they usually do not hesitate to

install them. The reason for conducting detailed audits as opposed to just perfonning the

feasibility calculations based on total water consumption(s) as mcasun.-d by the water bill is

two fold:

I. The water bill may be exaggerated due to leaks in the piping system of the huilding.

2. '!be potential investor may be interested in partially installing WSD's. and would

therefore be interested in the economic feasibility for certain parts of the building.

Therefore. it was necessary to conduct detailed water audits for the large consuming

subscribers as defined by the prepared universe, Emphasis was placed on large consumers in

Amman. Aqaba. Zarqa. Balqa. Irbid. Jcrash, and Aj loun.
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To conduct thc actual audits, the IRC teclmieal team needed thc necessary political cover. and

needed to obtain contact oOieers in each of the sites to be audited. This was obtaill<.-d by the

WEPIA project in two dilTerenl ways;

I. A Ictter issued by the Prime Ministcr was distributed to publie entities urging them to

install WSDs as a means of casing the pressure on the national budget and to help cope

wilh the Kingdom's water shortage problems.

The Minisler of Water issued a second letter and Irrigati.m in referencc to the lettcr issued

by the Primc Minister informing all public entities of thc ongoing WEPIA 3Cli"itics and

thc water audits to be conducted at those entities. The Minister's Iettcr also n.'lUCSlcd

those entities to nominate a contact officer to coordinatc with the WEPI."'lRC learns in

order to facilitate the conduct of the water audit.

Copies of the two leiters are included in Appendix C

Following responses from the ditTerent public entities, and in coordination with the WEPIA

project and the MoWI, the IRC tcchnical leam started communicating with wntaet llfficcrs.

arranging for visits. and conducting the necessary waler audits. 'Ille contact officer or his/her

designee usually accompanied the audit team. As mentioned beforc. all the data collect~-d

during an audit were reduced on a pre-designed foml to facilitate the conduct of the n.--quin.-d

analysis at a later stage.

3.9 Audit Data Anal)'sis

As mentioned in the previous section. and using the data collected during the audiL the \\alcr

consumption rates can be eSlimated by determining the frequencies and durations of usc for

the im'entoried lixtures (i.e. numbers of limes of usc and the respective lime....1f-usc). Such

behavioral dala where collected during the audiL where possible. and were obtained from

previous audits conducted both by Ule WEPIA and the IRC technical teams. After

conducting thcse calculations. the water auditor can estimate Ule amounts of water th.ll could

be savcd through the utilization of WSD's and fixing all leaks. To better quantify dJo,;c

saving;, they were convcrted into their equivalent moneta!)· value aoxording 10 the local

watcr tarifT. Simple cash fiow analysis were Ihcn be conduct~-d to justify the feasibility of

investing in WSD's by showing that the monics sa"cd will cxeeed the ill\estmell! n.'luin.-d III

purchase and install WSD's.



The first step in conducting the analysis is to caleulate the weighted average flow ratc for

eaeh type of fixture in the audited building. Average flow ratcs were calculated using the

following fonnulas

Average faucet now rate

where.

"'quc = D.g, + D1QI + + n.g.
01 + 01+••••••••••.•••••••••••••••+ O.

number of faucets with a measured flow rale ,:quallo '1m liters per minute

Anrage toilet now rale

where.

Tq.~ = Olgl + Ol!l, + + o.g.
0, + 02+••••••••••••••••••••••••••+ O.

number of toilets with a measured tank capacity of '1m lilcrs per flush

Average shower now rale Sq••• = o,g, + o;g, + + o.g.
01 + 02+••••••••••••.••••••.••••••+ O.

where.

number of faucets with a measured flow rate ~"lualto '1m liters per minute

Then. for eaeh type of fixturc. the audit data were used to cxtract the follo\\1ng variables:

• Number of people using the outlets daily

• Total number of days per year each flXlure is used (365 minus holidays)

• Number of times eaeh person uses each outlet per day

• Length oftimc (minutes) each person uses each outlei per use

• Recommended flow rates after installing WSD's for each 1}'jJC of outlet. which are 6

liter per flush for toilets, 6 liter per minute for faucets. 8 liter per minute for dish

washing faucets. and 9 liters per minute for showers.

Using these data. the cstimated \\'liter savings were calculated for the different fixlures as

follows:

Faueets

Wsr = (Fq.~ - R) * N * T * Nu * L 11000
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where.

Wsf

Fq.,g

N =

T =

Nu =

L =

R =

water savings from faucets (m' per year)

A\'Crage faucet flow rate (Umin)

Number of people using the faucet daily

Total number of days per year faucet is used (365 minus holidays)

Number of times each person uses faucet per day

Length of time (minutes) each person uses faucet per use

Recommended !low rates aller'installing WSD (6 liter per minute)

It should be mentioned. however. that whenever the audit revealed that the average !low rate

for a laueet was higher than 10 liters per minute. a value of 10 liters per minute was used

instead of the actual measured flow rate to calculate the anticipated savings. This was to

avoid any unrealistic water savings that may result from significant reductions of flow rate:;.

Toilets

W" =

where.

W.. =

Tq..g

N =

T =

Nu =

R =

Showers

W.. =

where.

\V..... ~

Sq..g =

(Tq..~ - R) • N • T· Nu 11000

water savings lrom toilets (m! per year)

Average toilet flow rate (Uflush)

Nunlber of people using the toilet daily

Total number of days per year toilet is used (365 minus holidays)

Number of times each person uses toilet per day

Recommended flow rates aller installing WSD (6 liter per !lush)

(Sq... -R)· N· T· Nu· L/IOOO

water savings rrom showers (m' per year)

Avemge shower !low rate (Uminl



N =

T =

Nu =

L =

R =

Number of people using the shower daily

Total number of days per year shower is used (365 minus holidays)

Number of times each person uses shower per day

Length of time (minutes) each person uses shower per use

Recommended flow rates after installing \\ISO (9 liter per minute)

The total anticipated saving as a result of using \\lSD's can then be calculated using the

following equation

W. = W.I + w.. + W..
After estimating the amount of waler saved as a result of installing \\ISO's. the study' team

compared thc cost of the saved water to the cost of installing \\ISO's, This is a very

important step, Once potcntial users realize that such simple devices pay for themsch'cs. they

usually do not hesitate to install them. Two main munetary values were calculat~-,j and

compared:

Value of Saved Water

Total Cost of lixtures

=

=

Total water sa\'ed x unit price ofwatcr

(No of fauccts x unit price/aerator) + (No of showers x

unit price/shower aerator) + No of toilets x unit prlcclrim)

The unit costs for WSO's were as follows:

Threaded faucet

Unthreaded faucet

Shower aerator

Toilet dam

=

=

=

=

JOO 3.5

J009

JOO 18

JOO 3.5

Once those two values weTC calculated, the study teanl was able to compare the cost of

purchasing WSO's to the cost of the saved Wllter in order to determine the feasibility of

investing in WSO's, The Audit Form in Appendix B summarizes all the ~-.:ssary'

measurcments and calculations needed for a complete audit.

3.10 Post-Audit Follow-Up

Following the completion of the audit, and since the mam purpose of the audit was to

convince the decision maker(s) at the audited entity to approve the retrofitting activities: it



was necessary to develop a post-audit approach to achieve this goal. As a result. a -post­

audit" package was prepared for every audited entity and constituted of:

I. A cover leller from II.E. Minister of Water and Irrigation arki'or the Secrelar)

General addressed to the decision makers at the audited sites.

2. A summary sheet of the audit results summarizing the water savings. the cost of the

retrofit and the financial feasibility of the investment.

3. Recommended WSD specifications.

4. List oflocal suppliers.

Appendix D is a typical post-audit package.

Once the packages were prepared. a joint IRCIWEPIA team arranged and made a visit to the

decision maker(s) at the concerned entity. In those visits. the technical team ~ave tIl<:

decision maker(s) a briefing on the WEPIA program and the results of water audit conducted

at their building(s). In 1II0st cases, the decision makcr(s) approved the reconmlCndations of

the WEPIAIIRC tearn and gave direction to initiate the retrofit process. Followin~ thal the

WEPINIRC tearn continued to follow up with the responsiblc person. which in most cas.."S

was the same contact onicer originally appointed to facilitate the auditing activities. This

follow up mostly included technical assistance in the tendering and procurelllCnt process.

Considering the size of most tenders. the majority of them were tendered through direct

solicitation of prices from the approved list of suppliers provided by the stud~' team. SoIllC

tenders. however, were executed through a complete tender process. The technical assistalx:e

offered by the study team included provision of minimum required standards. and guidance

throughout the tendering/award process. In some cases. members of the stud~' team were

asked to participate in the tendering commillCC responsible for the supplier selcction.

whereas. in othcr cases the concerned entity completed thc cntire procedure on their own.

Follo\\ing the award of a contract the study team continued to coordinate with the winning

supplier until the building(s) was completely retrofilled.

3.11 Post-Retrofit Follow-Up

Once a building was retrofilled, the study tcam re-visited the site and conducted another audit

to verify that the post-retrofit flow rates were within recommcnded standard (i.c.. 6 Iiter.>i min

for fauccts, 6 liters/Ilush for toilets. and 9 liters/minutc for showers). It should be mentioned.

howevcr. that the majority of public buildings purchased faucct aerators.



Whenever a water fixture was found to have a non-eompliant flow rate. the supplier that

installed WSOs in the building was contacted again and asked to re-visit the site and calibrate

all non-eompliant fixtures.

3.6 Training Workshops

As mentioned earlier, previous studies have proven "Water Audits- to be one of the most

effective tools in promoting the usc of WSO's. As a result. it was neccssa')' to compliment

the work at hand with a series of training courses to lamiliarizc maintenance staff in public

entities "Water Audits" and how they can be used as a tool to promote the deplo}mcnt f

WSOs in public buildings. The main objective of the training courses was to promote the usc

of WSO's by large consumers through the training of individuals to conduct water audits and

perform all the necessary water consumption.'i/savings calculations. Specific objecti\"cs for

the training courses included

I. Conducting detailed water audits for

2. Introducing the trainecs to the process of identifying suitable water saving techniques

(WSO's) and their applicability to the various water outlcts.

3. Familiarizing the trainees with the most qualified local suppliers capable of delivering

the required tcchnology.

4. Giving the trainees the capability to estimate the total cost of the retrofining. estimate

the anticipated water savings as a result of implementing water saving technology. and

perform cash flow analyses to demonstrate the feasibility and soundness of the retrofitting

program.

Actual audits were conducted of the training facilities. The trainees were usually di\"idcd into

groups, where a trainer supervised each group and the groups were assigned to different parts

of the study sites. The trainees collected the relevant data using the data collection sheets

specifically designed for water audits. The training workshops were usually conducted in

four parts over the course of one day or two days depending on the size of the audie~'C and

the size of the training facility, which was to be audited as pan of the training. The follo\\ing

sections dcseribe the work mechanism followed by the trainers to accomplish the desired

objectives of the training courses.
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Part I:

In this part. the trainecs were introduced to the water problem in Jordan. 'They were provided

with general information regarding the scaIcily of water in the Mid-East Region

The trainees were introduced to the following concepts:

I. Scarcity of waler

2. Water resources limitations in the Middle-East

3. The hydrologic cycle

4. Misuse of water resources

5. Worldwide per capita water consumption rates

6. Reasons for variance in worldwide per capita water consumption rates

7. Sources of water pollution

8. Water management: Supplies Managemenl and Demand Management

9. Methods of water demand management

10. WSO's as a tool for ""ater demand management

II. Anticipated savings and recommended flow rates for water fixtures

12. Water audit planning

13. Conducting watcr audits; measuring flow rates and detecting leaks

14. Compiling water audit data

IS. Behavioral assumptions pertaining to water consumption

16. Water saving calculations

Part 2

In this part. the trainees were assigned to the different locations and completed audits for the

training facility. The trainees were taught how to measure flow using calibrated flasks and

stopwatches, and were taught how to detect leaks in toilets using powder. The trainees \\--ere

then given a detailed demonstration on WSO's and were briefed on the various t)"(lCS of

WSO's, their functioning mechanism, their anticipated savings. maintenance. and

availability.
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Part 3

In this part, the trainees were introduced to the financial calculations for w,lIer sa,,-ings

resulting from using WSD's. and were trained to demonstrate the feasibilil}' of WSD's

through using the "Pay Back Period" concept. To enhance their understanding of those

concepts, they were given a presentations on the results of water audits conducted for other

locations. Finally, the trainees were briefly introduced to the concept of energy savings as a

result of utilizing WSD's.

Part 4

Here, the trainees applied their newly acquired skills using the data that they collcctcJ at the

study site. The trainees worked in groups to calculate "''Olter consumption rates for the

various water fixtures at the study site. They then perfomled the financial calculations to

assess the feasibility of investing in WSD's at the study site using the data that ~. collccted.

In total, 3 training workshops were conducted throughout the period of November 200 I

through October 2002. Table 1 sununarizes the logistics of each workshop. A copy of the

training materials used in those workshops is presented in Appendix E.

Table J. Trainin2 Worksbo... Summary

Loc:atioo No. of Partitipaols' Backgroun,b Daratiool Traia;.z

Partitipaols Tea.

Aqaba 35 Engineers'plumbc"''1cchnicians :! da~-s IRCWEPtA

Amman (HUDC) 25 EngincersiplumbcrVlcchnicians I dal IRCWEPIA

Youth Council (Dana) 27 Engincerslplwnbo=lcchnicians I dal IRe
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Chapler -I

RESULTS At'lD ANALYSES

Using the procedure outlined in the proceeding chapter, the IRC technical tearn audited 170

sites. lbe post-audit calculations were perfornled for cach of the audited sites and \\ere used

to convince the decision makers at those buildings to issuc directions to retrofit their

buildings. This chapler summarizes the results of the Icasihility studies that wcre perfolTll\.'\l

for the audited sites. The purpose of this chapter is to demonstrate the potemial sav'ings thai

could be achieved in those sites. II also compares the cost of water savings v'ersus the cost of

investing in WSDs to achicve those savings.

4.1 Uoinrse Statistics

As mentioned earlier, the IRCfWEPlA tcchnicalteams identified a Wliverse consisting of 365

large water consumers. The Wliverse was defined through an extensive rev'iew of watcr

conswnption rates. as per the Water Authority of Jordan database records. II should be

mentioned that the size of the Wliverse varied throughout the conduct of the study. l1Ic

reason for this was that cerlain sites were decmed non-governmental upon visiting and further

exploring them. For instance. some sites were found to be NGO's. Others were found to be

non-domestic users such as water pumps and so on. Tablc 2 summarizes the universe as per

geographic governorate and annual water consumption. Figures 2 and 3 <k.-monstrate the

distributions of the numbers of large consuming entities and water consumpti,'ns per

governorate, respectively.

GoverDoraie N••bcr or Larae Tolal
co......i.1 Sites cou••ptioe

••'''·esrl
Amman 101 971.31~

Aqaba 6~ 430.731
Imld 43 ~ql.06O

laraa 31 160.748
Balqaa 3~ P8.604
I'arak 26 117.01~

Ailoun 6 36584
Jerash 2 19.144

Tafeeleh <I ~0.316

Madaba 15 Q:!~60

M.frak 15 ~OO.~96

Ma"an 28 137.872

Total 36S 2,6SS.9-W
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As can be seen in the figures and the Table, the Ill3JOrity of the numbers of large comwJlIIlg

public entities, thus, the highest water conswnption IS III lire Govemorales of Amman (ZS·..

37%), Aqaba (17%, 16%), and lIbid (12%, 11%). respecllvely The govemoraJes of Amman

and Aqaba alone account for 45% of the nwnber of large conswning enbbes and 53·.. of the

water consumed by large consuming public entities, naIionwide. It is for this reason that the

majority of the sites audited WIder this effort _e in those two govemoraJes Sites 11\ 0Iher

govemorales, however, were also audited as part of the acti\11JeS in this prOject
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4.2 Auditing Statistics

In total. 220 sites were audited during the period of November I. 200 I and December I.

2002. Table 3 summarizes the distribution of those sites among the governorates. the

consumption rates for the audited sites, and water consumption rates. the perccmagc of audit

completions for each govemrate.

~ cliffrrnn as aUrih.ltd to: ..In I"'••~~ .lIdikd pnor Iv IINs pUN' ell......,. Of" lila ._IN ." iMP..... .,..,.",., ....
UtCIWUIA In..~ lites Wtn £Mad.O be- alrndy mrufiufod.pot; ,·i.itilll.--. .... win ror .1Iie'~~ wen
_ ........rnl

Governorate Numbe. or ul'le NUlDberor Perceulage or A...iled Sitos
CODSumiac Sites Audited ••d Auditedu~ Toeal

Visited ul'le Coasu.iuC Coasa.peio.-
CODsumiDlI' Sites Sic" (.'1.....)

Amman 101 90 89'. 368.16716117.581 I
Aqaba 62 32 51°. 240.992
l<bid 43 30 69". 159.305

lNQa 31 14 4~·'. 90.6"6
Balaaa 33 II 33°. 73.Q60

Karak 26 0 0 0
Ailoun 6 5 8J~'. 30.660
Jcrash 2 2 100". 19.1.j.\

Tafceleh 4 0 0 0
Madaba 15 9 60". 38.71~

Mafrak 15 3 20-:·. 15.112
Ma'an 28 0 0 0

Tol.1 J6S t961220 ~c. 1.Js..t..
. .

As can be seen in the Table. the audited sites cover nearly 60"10 of the large water consuming

public universe. The consumption of the audited sitcs accounts for nearly 51~. of the water

consumed by large consunling public entities, nationwide. It was believed that with such an

audit completion rate. the target retrofit percentage (i.e., 30%) would be arrived at.

4.3 Water Savings

As mentioned in section 3.3 the data collected in the audit were used to estimate the potClltial

quantity and value of water savings, and the cost incurred as a result of deploying WSDs in

the audited sites. The demonstration of the economic feasibility of WSDs was used as the

main tool to convince decision makers to install WSDs in their buildings. The 1'0110\\ ing

sections Sunlffiarize the results of the water savings and the economic feasibilit)· of installing

WSDs in the audited sites. /1 shollld be nunlioned Ihlllihe results sho_ an not for lie

enlire llNdued Amnuln Illrge conslUlling uniwrse. Certain sites were intentionally not

included in the summary for a variety of rcasons. Among other reasons. this was mainly

beeause some of the sites that were audited were found to have been alread)' retrofitted;
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therefore, it was difficult to estimatc watcr savings as a result of deplo)ing WSDs. Other.
sites' recorded waler consumptions, for instance. did not reflect the actual water consumption

by those sites. Those sites \\ .. C charged a flat rate by the Water Authoril)·. Other sites had a

long history of vandalism and were, therefore, deemed infeasible to retrofit Finally. staff

that had been trained by the study team as part of the workshops described earlier audited

some sites. The results were summarized per govemOr.l!e and classified according to the type

of building use (i.e., schools. hospitals. ministries. public corporations. elc.).

4.3.1 Amman

Six main categories were identified; schools. mosques. health centers. minislries.

corporations, and other governmental entities. Table 4 swnmarizes the main findings of the

audit results in Amman.

35,981176,174117,444

CI Ia'w

Total

T ble .. Aa mman ater SavIO! a <u lions

Categol)' Annual AnDual ADnual Total ·1. Sump

Consumption Water Value or Retrofit

(mJ
)

Savmgs Savings Cost

(mJ
) (JOD) (JOD)

Schools 62,728 21,643 32.467 4.606 35-/.

Mosques 17.936 5,788 8.681 1.864 3~-·.

Heal th Centers 6.984 2,697 4.047 569 3~.

Minislrics 44.288 15,701 23566 8.701 35~'.

Corporations 23.684 7,785 11.68\ 2.959
I

3J~. I

I,

I
_.- -_..._~, --<

Other 209.368 63.830 95.732 17.282 ='~#-.
"

I

Sollie .il<o w<re euluded <_ Kdioa 4.J)

The estimated return period for retrofitting those sites was found 10 be nearly 3 months.

Figures 4 and 5 demonstrate the findings.
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4.3.2 Aqabfl

Four main calcgories wcre identified; schools, mosques, heallh ceDlers. and olhcr

governmenlal entities. Table 5 summarizes the main findings of the audit rcsuhs in Aqaba.

ble ~ bT. _. Aq. • W.ter SlIviol! C.kulations

Categol)' Annual Annual Annual Total -4 Snings

Consumption Water Value of Retrofit

(m') Savings Savings Cost

(m') (JOD) (JOD)

Schools 58.748 19.778 29.668 1.878 34~J.

Mosques 5.272 1,976 2.96) 585 3~'o

Health Cenlers 5.320 1,656 2,48-1 568 ~5·/.

Other 171.652 57.429 86,129 37,559 33~·.

Total 240,992 80,839 121,246 40,590 33~_

I
Some s"" were ucluded (see seellOD 4.3)

The eslimaled return period for relrOfilling thosc siles was found 10 be ncarly4 months.

Figures 6 and 7 demonstratc the findings,
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4.3.3 J,bid

Four main categories were identified; schools. mosques. health centers. and other

governmental entities. Table 6 summarizes the main findings of the audit results in Irbid.

T ble 6 Irbid W t Sa· C k I ..a . a er VlDl a u a 1005

Category Annual Annual Annual Total -,,- Sa"iBgs

Consumption Water Value of Retrofit

(m1
Savings Savings Cost

(m1' (JOn) (JOD)

Schools 29.225 11,905 17.857 5.352 41~'_

Mosques 16.928 6.716 10.074 798
~'.

HeaJth Centcrs 103.884 34,486 51.730 9.513 33-1'.

Other 9.268
i

3,895 5.482

~
42-/.

Total 159,305
,

57,000 85,143 17,988 i 35-;_,

i
i I

i ,

Some sites were excluded (see sedioD 4.J)

The estimated return period for retrofitting those sites was found to be nearly 3 months.

Figures 8 and 9 demonstrate the findings.
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4.3.4 Zarqa

Four main categories were identified; schools, health ccntcrslhospitals, and other

governmental entitics. Table 7 summarizes the main findings of the audit rcsuhs ill Zarqa.

Sa' Ckl'T ble7 Za Wa rqa atrr Vlo!a u at~nJ -
Category Annual Annual Annulil Total ·1. Sning5

Consumption Water VlIlue of Retrofit

(mJ
)

Savings Snings Cost

(mJ
) (JOD) (JOD)

Schools 32.616 11,301 16.'155 2.00 I 35~.

I'I

Hcalth Ccnters 42.512

I
14,250 21.375 3.937 34·....

i
I

Othcr 15.568 3,830 5.744 1.137 ~4~'.I

I-
I

Total 90.6%
,

29,381 .....074 7.07S 32% I
i

Some Slles were e"luded (see seehoo 4.3)

The estimated return period fur rctrofilling thus.: sites was lound to be nearly :2 months.

Figures 10 and II demonstrate the findings.
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4.3.5 Bll1qlUl

Three main categories were identified; schools, health ccnterslhospilals. and other

governmenlal entities. Table 8 summarizes the main findings of the audit results in Balqaa

.351,5723,368Oth

Table 8. Balqa Waler Savill2 Cakulalioa.

Calegory Annual Annual Annual Total ·1. Saviags

Consumption Water Value of Retrofit

(m1
Savings Savings Cost

(m1 (JOD) (JOD)

Schools 30,864 8,523 12.785 2.236 2S-/.

I
HeaI:h Centers I 39,728 13,801 20,702 3.394 35".

er ., 8
,

949 I 4~/.

Total 73,960 23,896 35,845 32%

Some .iles were excluded (see seelioll 4.3)

The estimated return period for retrofitting those sites was found to be: nearly 3 months.

Figures 12 and 13 demonstrate the findings.
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4.1.6 Ajloun

Two main categories were identified; schools and health center.;. Table 9 summarizes the

main findings of the audit results in Ajloun.

Sa' CI Ia'T ble 9 '1 Wa . Alloua aler. VIAE a cu llODS

Category Annual Annual Annual Total -I_ SaviDgs

Consumption Water Value or Rdrofit

(m'1
Savings Savings Cost

(m'1 (JOD) (JOD)

Schools 8,468 3,328 4.992 567 39-/.

Health Centers 22.1°2 4,771 7.157 1.100 :n~.

Ii !

I
i I

Total 30,660 8,099 12,149 1,667
,

26-1_
I I !I ,

Some soles were excluded (see _llOa 4.3)

The estimated return period for retrofiuing thosc sites was found to be nearly 2 months.

Figures 14 and 15 demonstrate the findings.
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4.3.7 Jerash

Only two large consuming sites were found in Jcrash. both of which were audited- One site

(Jerash Water Authority) had already been retrofitted. The other site (Jerash Hospital) had a

total annual consumption of 13,964 m\ annual savings of 5,968 mJ (40%) "alued at JOO

8,952 with a total retrofit cost of JOD 1,028. The estimated return period for retrofitting this

site was found to be nearly 2 months.

4.3.8 Madllba

Two main categories were identified; schools and health centers. Table 10 summarizes the

main findings of the audit results in Madaba.

wMTable 10. adaba aler SaviU2 CakulalioDs

Category Annual Annual AnDual Toeal -;. Saviap

Consumption Water Value of Retro6t

(m~
Savings Savings Cost

I
(mJ

) (JOD) (JOD)
I

Schools 30.827 12,526 18.789 3.036 3~"

Health Centers 7,885 2.627 3,940 1.700 33%
I

,I

,.
Total 38.712 15.153 22,729 4.736 39-;'

I
Some slles were excluded (see 5«IIOU •.3)

The estimated return period for retrofitting those sites ....1.lS found to be nearly 3 months.

Figures 16 and 17 demonstrate the findings.
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4.3.9 MalTak

Only three sites were audited, one of which had been retrofitted ~hen audited. Table II

swnmarizes the main findings of the audit results in Mafrak.

Tblelt M[ kW Sa· Ck .. ·a ara ater YIDE' • U hoas

Subscriber Annual Annual Aooual Total -/_ Sump

Consumption Water Value of Retrofit

(mJ
)

Savings Savings Cost

(m~ (JOD) (JOD)

Mafrak 2,436 915 1.372 8n 37%
Industrial
School

Rahab Health 2,186 854 1.287 136 391Ie
Center .
Total 4,622 1,769 2,653 1,008 38-.4

Some SIt.. were exduded (see sectlOD 4.3)

The estimated return period for retrofitting those sites was found to be nearly 5 months.

Figures 18 and 19 demonstrate the fmdings.
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4.5 Persistence Studies

Persistence studies were defined as a post-retrofit check to verify if the actual water sa~'ings

as a result of installing WSDs were in line with the water audit estimated savings. The actual

post-retrofit water consumption rates were obtained from the Water Authority' of Jordan. and

compared to the pre-retrofit water consumption rates. Thc differencc in water consumption

was compared to thc savings calculated using thc watcr audit data. Unfonunately. two main

obstacles were found. First. the great majoriiy of the retrofilled sites were retrofilled in a laiC

stage of the study due to the lengthy governmental procurement procedures. This prevented

the study team from being able to obtain a post-retrofit water consumption rate for a period

long enough to reflect anticipated savings. Second. on the sites that were retrofillcd at an

carly stage. quanerly "'tater before-and-after consumption rates for coinciding times of the

year were not available. Also. some post-retrolil readings were for time periods exceeding

three months as was the ca.'iC with pre-retrofit readings. To overcome this. the !>tooy team

convened the post-retrofit eyclc consumptions to daily consumptions and compan.--.J lhem to

daily consumptions for a pre-retrotit period. which did not coincide with the time PCril,J used

to define the large consuming universe. Due to sueh limitations. only thn.'C sit,·s were

included f,)r comparison purposes. The results arc sWllmarizcd in Table I:!.

Table 12. P~n;isl~Dc~ Study Result..

Pre-Retrofit
Consumption Suing! Estimated

Site CODsumption Weighted .j. Sa"ing!.j.
Agricultural

Credit 377 684 44.8 29.9

Ministry of
Higher Education 573 786 27.17 40.5

Department of .
Statistics 829 1141.865 21.4 39

As can bee S<.'Cn in thc Table. except for lhe Agrieuhuml Cr.-dil Corporation. the actual

savings wcre lower than lhc anlicipated savings. In addition to the reasons specilied abo\·c.
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this was due to the fact that those sites only deployed aerators. The estimated sa"ings were

calculated based on the deployment of WSDs both for faucets and toilel Ianks. The reason

that thc Agricultural Credil ~~orporation resulted in savings greater than anticipated is that

during the audit, it was noticed thaI many cars were washed there using a hose. The water

audit feasibility study presented ineluded a recommendation to s\\itch to using a !:locket to

wash cars. It is believed that this strategy resulted in such savings.

4.6 Water Usage Behavioral Models

It was mentioned earlier that water usc behavioral data were neccssaJ)· 10 perform the water

audit analysis in order to calculate the water savings. Also. il was menlioned thaI soch data

were oblained through asking questions of the contact officers while performing thc audit.

This approach. however. is nOI the most accurale way to obtain such data. Lengthy extensive

surveys would be required to arrive at the most accurate figures describing domestic water

use (i.e.• frequency and duration of usc for the different water fixtw"cs). Such sun'C)' was

beyond the scope of this work. An effon was conducled to estimate such figW\.'S using

regression analysis and the data collected during the audits. It should be mentioned that such

analysis were only conductcd for the public schools in the study universe. The reason for this

is thaI the sizes of the other categories were not large enough to give reliable results that wetC

statistically sound. This seclion summarizes the findings of the WOller usc behavior regression

analyses that were conduck'd for public schools.

Simple multiple linear regression analysis was used to develop the WOller usc behavior!watcr

consumption model. The general form of the model was as follows

Q =

Where.

=

=

=

Total daily faucet usc (minutes per day)

Tola1 daily loilet usc (times per day)

Total daily shower usc (minutes per day)

(Users • duration of usc • average 110w • usage days) for fixture n

The independent variable used in the analysis (Q) was the actual water consumption rate.

The values of the variables XI. X2. and Xl were calculated using the data collected in the water

audit procedure. while the constants PI. P2. Pl were found using simple linear regression.

which yielded the following model
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Q = + IO.651J

This model indicates thaI on average, a public school water user uses the faucet for an

average of 1.586 minules per day, the toilel .683 limes per day, and the shower for 10.65

minutes per day (for the schools thaI have showers in them. The R2 for this model was found

to be 60%, which is considered reasonable for the sample sizc and the nature of the dala

included in the study. It is recommended thaI the analysis be repeated using a larger sample

size, and be applied 10 the oLl.:r water consumption calegories as well.
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Chapter 5

CONCLUSIONS AND RECOMMENDATIONS

As mentioned earlier, the main purpose of the effort at hand was to promote the usage of

WSDs in large consuming public entities and governmental entities. This one-year program

aimed at convincing 30% of such consumers to install WSDs on their \\-ater outlets. Water

audit procedures were used to assist in achieving this goal. As \\-as seen in the results. the

usage of WSDs has promising potential in reducing water consumption in go\"enuncntal

entities. Achieving the goal, however. was a very cumbersome experience. TIle study team

has identified certain weakness areas that nced to be addn:sscd in order to achie\'e the goal

under the WEPIA extension. which aims at retrofitting 60"10 of large consuming

governmental entities. 111is chapter summarizes those arc<1S. and presents recommendations

to help overcome those difficulties.

5.1 Ministry of Water and Irrigation Support

Considering that neither the WEPIA nor the IRe arc go\"ernmental entities. approaching

governmental entities with the idea of using WSDs required governmental cO\'cr. Although

this was provided via the Prime Minister's and the Minister of Water and Irrigation's letters,

this was not enough for a reasonably paced process of retrofits. Govenuncntal bureauracracy

was always a problem that the study team faced. Even when the decision maker prc:scIlted

with the economic feasibilily of deploying WSDs approved the retrofit. the procun:mcnt

process underwent unnecessary and lengthy delays. Returning to the decision makcr to speed

up the process was never easy considering the difficulty in obtaining appointments \\ith such

individuals.

To overcome such difficuhi.:s in future activities. the IRC study team rcconuncnds that a

regular weekly meeting be held with the MoWI Secretary General. during which the study

tearn can brief the S.G. on progress, and point out the various departments that the stud)' team

is facing problems with. This way. the S.G. can officially contact/correspond the decision

makers al those locations.

5.2 WSD Suppliers

Ten local suppliers were identified by the WEPINIRC study tcanlS as suppliers \\-ith

products compliant \\-ith the WSD standards and specifications. Every time a feasibility

study was submitted. a lisl of those suppliers. along \\ith their ~ontacl information. \\-as

submitted to the concerned entity. The products of the different suppliers varied in origin.
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quality, and durability, In addition. the suppliers' technical installation tearns \'aried in

quality. Unfortunately, the majority of suppliers did not have a technical installation crew.

thus. were only interested in bidding for "WSD supply" tenders. The specifications.

however, required that the supplier supply and install the WSDs at the site to be relrofined.

This created a problem that on many occasions, less that three suppliers bid on the

governmental retrofit contracts. The Government of Jordan procurement law requin.:s that at

least 3 bidders compete for 3 contract. As a result of this. many WSD procurement contracts

were terminated. For instance, the Aqaba Special Economic Zone Authority floated an RfP

to retrofit 22 sites twice. Both times only two suppliers bid on the contract. which was

canceled as a result. In addition to the absence of technical crews for some suppliers. the

majority of suppliers were not interested in bidding on governmental projects due to the

lengthy governmental procurement and payment procedure(s). The in"olvement of the

MoWI Secretary General as recommended above can help speed up the procurement process.

However. it is highly recommended that the WEPlNlRC team hold a prolonged meeting

with the WSD suppliers to receive some feedback from them and to help eliminate some of

the problems faced by them that discourage them from bidding on the various contracts.

5.3 Audit Data Collection FOrD1ll

As mentioned in section 4.6. it is important that an accurate water usage behavioral model be

developed for a statistically sound sample population. This calls for a more accuratc way of

collecting water use behavioral statistics. ' To facilitate this process. the IRC study tearn

recommends a modified water audit form that includes specific items on water usc beha\;ors.

as opposed to the current practice of asking questions and writing the numbers an}'\''hcre on

the audit form. A copy of thc recommended audit form is included in Appendix G.

5.4 Large COlUumers IdeDtifieatioD Criteria

As mentioned before. a large water consunlcr was defined as any entity that consumes more

than 500 mJ per billing cycle. This means that an entity that COll5umcs 600 m' per bill~

cycle is equivalent to an entity that consumes 10.000 mJ per billing cycle and each would be

considered as one large consuming site. Considering thaI the main purpose of retrofitting a

site it is recornmended that a different criterion for defining large consumers be adopted. One:

suggestion is to retrofit the required number of sites that would result in a total sa"ings in

"'<Iter consumption of 30% of the entire universe consumption. regardless of the number of

buildings. This was, the sludy tearn could focus their efforts on a smaller number of sites. }'ct

52



obtain equivalent results in tenns of savings. Another recommendation is to stratifY thc

universe into categories according to consumption, and to attempt to retrofit a certain

percentage of each category. For instance, retrofitting S% of the ca1egory of sites consuming

more than 30,000 mJ per billing cycle, retrofitting 10"/0 of the eategof) of sites consuming

more between 10,000 and 30,000 mJ per billing cycle, and so on.
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Universe
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14 /Doctor's Rcsldence 3450 I

No. 1A."""an jQuarterty COIlS_plio. (.l,

I M/King Abdallah Thc Second Bin AI Hussein 60855

2 Ministry Of Health!Al Ashrafeyeh Hospital 26763

3 ,;...viation Authority/Civil 10824

4 ~ussein Sports City 10553

5 ordan UniversitvlPump 10154

6 ordan University Hospital 10000

7 RSS 6950

8 Amman COHCRC UnivcrsitvlBalaua'a University 5000

9 ordan UniversitylMain Mctcr 5000

10 KinR Hussein Institution 4557
,
,

\I KinR Abdallah The first Park 4282

12 Ministry of Justice 3683

13 Ministry OfCulturclRoyal Cultural Center 3500
'. i

,__1_5_..,:-__;;.;", =~IP......hann=_as;;,u_U_·ca;,.,.1De~~_c_m_c_nt~ .....;2_7..06 .II!1

16 2157
i17 /GYM 2000

18 2000

19 1975

20 1&+1

21 1802

22 1664

1500

1475

1300

1184

1224

1522

1216

1220

1228

1208

30

32 : e Housing Institution Of Abu EnsairlProject

27 i Ilsa1mic Semc

33 'Ministry Of Health

28 Of Public Work And housin

24

25

23 1557

26

31

29 Of Water And Irri ation / LABS
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34 fun Park / Jubeha 1181

35 Kim! Abdallah The First Mosque 1043

36 E'mar AL Asemah Company / AMMAN DEV. CORP. 1030

37 Hetten HildtSchool For BoYS 1O~8

38 Greater Amman Municipality/Amman Hall 1000

39 Greater Amman MunicipalitylMosque Toilets 97~

40 Ministry Of Finance 9W

4\ General Statistics DeDarlement 87-l

:1 42 Urn ALRAsas School 8-Ill

,I 43 rentral Bank 8-15
:: 44 MWI

I
lCll

45 Greater Amman Municipa[itylKinl! Hussein Center I 8~.\
:

46 The General Institution For Protection Of Nature
.,

81'

47 Hospital University/Outdoor Clinics SOO
.

48 Parlement SOO

49 Ministry Of Education!AI Ubeel School 795

50 Ministry Of Education!AI EZ Bin Eb 780

i 51 Abed AI Jabbar School 757
i

Zaid Bin AL Khattab School
, 52 755I

I 53 AI Foquaha'a Hil!hSchool for BoYS 7:',

I 54 Wadi AL Seer High School For Boys 750
I
, 55 Housinl! Etablishment 74-l

:~ Parlement 7-t~

57 Urn AL Kasecr & AL MUl!abalain School 727
,
! 58 Ministry Of Hil!hcr Education 710
I:

Greater Amman MunicipalitylEmployees Buildings59 700,
60 Safeya Bint Abed AI Muttaleb School 6%

,

61 Ministry Of Religious /AI Amarcyeh Mosque 686

62 AL Mo'tascm Mosque 677

I 63 MOA / PR BUILDING

~MinistryOf Rcligious Affairs/AL Ekwaysmeh Mosque

~
5 Amman Municipality/Dcpartemcnt for Food Safety

66 Civil Avaiation Authoroty

67 Bader HighSchool For Girls

. 68 Urn Anas School
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II500

87 ILayia Al Ghafarcyah MIx School

101 The Mosque OfWehdat Schools

69 Dab'ah School 6~1l

70 Ministry of Food And Supplv 616

71 [Ministry Oflnterior 615

72 ~l!riculturaI Loans Corooration 6III
73 Greater Amman MunicipajitvlLibrarv Building 600

74 AL Nuzha Vocational School 5911

75 Ministry Of EnergyINeuclear Enemy 588

76 Ministrv Of Health 587

77 ordan Radio 58~

78 AI Hussein Health Center 58\

79 h'areq Bin Zyad HiRhSchool 58ll

80 Ministry Of Health ISahab Health Center 578

~ [Ministry Of Youth 57~

Ministry Of Social Development ICHILD CARE CENTERjtj 57ll

!AL EZ Bin Abed AL Sallam 570 Ii83

84 Ministry Oflnterior I NEW BUILDING 570

85 !Central Bank 56~ I
86 I!Ministry Of Health!AL Naser Health Centre 561

it

I
. -

I
88 'I!Minislry Of Education IAGRAG AL-AMER SCHOOL 55'1

89 !Rab'ah Al Adaweyah HighSchool 556

90 Geographic Center 550

91 AL Nageerah School For Girls 54'1

92 Safaneh Bent Hatem School 54~

93 Ministry Of Agriculturc!Nurserics 536

94 [Mansour Khuraishan HighSchool 53~

IAL Haj Abed AI Ruhman Mosque
,

95 5~1

% Customs Department(Ministry Of Finance) 5~O

97 Vocational Center Institution 51J

98 jThe Husseiny Mosque 50~ Ii

99 RUQayya Bent AI Rassoul School 501 ,I

100 Greater Amman MunicipalitylHealth Unit 500 il
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IAqaba

I Port Corporation I·BOI

2 k\Qaba Special Ecconomic Zone 8900

3 hoe Port Corporation 7982

4 Ministry Of EducationIVocational School 6182

5 Civil Airport Directorate 6157

6 Port Corporation ( REHAB) 5009

7 Ministrv OfYouthlSouthem Beach 2583

8 Aqaba Authority 2561

9 Water Authority 2533

10 Aqaba AuthoritylDivinR Center 2365

II Ministry Of Religious Affairs 21-14

12 Princess Basma School 2062

13 Civil Aviation Directorate 2024

14 Aqaba Special Zone 1900

15 The Jordan University/Science Section 1659

16 Aqaba Authority 1602

23 !Company For Iron /Aqaba

1203

1049

12-16

1598

15n

1531

1529

1434

1355

! 17 L-\L Ouwavrah Health CenterlMinister Of Health

18 [Municipality OfQuwayrah

~Railroad Association

~Ministry Of Education/Camp

:1l::I,ReligiOUS Affairs Directorate Of Aqaba

22 !The Jordan Central Bank

875

890

1014

888

940

905

31 IWater Authority

26 !Aqaba Authority / AL Quwayrah

27 !Aqaba Water Management

30 IPort COrporation

~AL Aqaba HIghSchool

~Ministry Of Justic.:

849

853

33 !Minis\ry Of Public Works

32 IMinistry Of HealthlThe New Medical Center
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34 Vocational Trainning Establishment 843

35 Ministry Of Health!The New Medical Center 761

36 Ministrv OfYouth!The Youth House 730

37 Ministry OfInterior 7:!4

38 Ministry Of Religious Affairs 696

Ministry Of Education
.

39 68'
"

40 ... rties Department 676

41 Ministrv Of Religious AffairslAwQaf 665

42 ~ordan Tc1evision Establishment 658

43 Ministrv Of Religious AffairslAI Shuwaik 653

44 Ministrv Of Education 650

45 Directorate Of Education 643

46 Ministry Of Education 640

47 Ministrv Of Education/Abu Avvoub AL Ansari 635

48 ~I Hussein Bin Ali School 615

!

49 Civilian Stores 611

i 50 Ministry Of Youth 597
I

51 Vocational Trainning Establishment 585

52 hbe School Of Faisal The First 570
I 53 Ministry Of Health 569

54 Ministry Of Information 568

55 Al Quwayrah High School For Girls 555

I
56 Ministry Of Education 551

I

57 Ministry Of Health S48

58 Ministry Of Finnance tCustoms 524

59 Khawla Bint AL Azwar School 514

I
60 Ministry Of Education 514

I

61 'Ministry OfJustice 505

62 .Municipality Of Quwayrah 500

ilrbed

1 iYarmouk University 6001

2 iVocational Training Center For Girls 511

3 The Eastern Mosque Oflrbid 7~5
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502

514~Isama Al Rousan Vocational School

II±IAL Manarah School For Bo s

4 Teachers Club-Ministry Of Education 982

5 Rehabilitation CelOt.:-r 905

6 Rehabilitation Center 5I I

7 Princess Basma Hospital 6626

8 Princess Badcc'ah Hospital 9936

9 Nuseibch AL Mazeneyah College 1000

10 IKhalid Bin ALWalecd Center 1476

I I ,~UST Medical Center 12~7

12 liHekma Health Center 799

13 'Health Directoratellrbid Govemerate 810

14 lDeir Yassin School For Boys 658

15 Daheyet AL Hussein School 552

16 ~I Zarnoogy High School 500

17 ,1A1 Yannouk MOSQue 745
!

18 IAL Tavbch School For Girls 652
,

19 AI Tarabcyeh Directorate And Education I 5\0
I

20 !AI Quadcscyeh School
, 525,

21 '!AL MlI7.ar Hil!.h School For Girls 1992

22 !AI. Hussein Traininl!. Health Center 61\

23 ~I Hoson Vocational School For Girls 710

24 AL Hassan Spon City 3000

25 AL Hassan Spon City 5034
"

26 ,AL Bal9a' University-AL Hoson College 1166

27 IjOmar Fa'ek AI Shalaby School 563

30 Princess Rava Hospital! AI Kourah 2757'I±Dcir Abu Saeid Vocational School 670

I 32 Mu'ath Bin Jabal AI. Shouneh Hospital 1705

I 33 Abu Ubaydah AL Yabes Hospital 750

34 Sleykat School 743

35 [AL Manshcyeh School For BoYS 6"-'-'
36 IA IMansheyeh School For Girls 614

37 Ramtha Municipality 951
, 38 IPrincess Haya Bint AI Hussein School 5~4

I .



830

823

2206

500

1183

6326

27 !Rageedah OfIslamic Faith College

28 I,Prince Faisal Bin AI Hussein Hospital

23 IlAL Hussem VocallOna! School For Girls

24 IN. Marwa School

25 IAL Shamla School For Girls

26 (Hay Ma'sourn School

39 !Ministry Of Religious AffairslMu'ath MOSQue 2762

40 Ministry Of Finance/Customs Center 500

41 ~~lndwnriaIZone 9463

42 IAL Ramtha Public Hospital 750

'lzarqa

I First Instance Zarqa Court 552

2 AL Azraq Health Center 620

3 A.L Delayl Agricultural Center 681

4 IAT 7 ..rna Public Hospital 4302

5 Girls Care Center 605
'I, 6 'ana'ah Hillh School For Boys 850

7 Khalid Abu ALHuda Industrial School 650

I 8 ,Kidney Center 2057

II 9 Municipality Of ZarqalAL Hashmeyeh Semetel)' 891,

I
10 Municipality OfZarqalSccond Area 1067

II PrinceH~ Span City 2000
,

12 Prince Mohammad For Boys School 530
I

13 Prince Talal School For Boys 554 I

14 Public Work! Zarqa 900 II
",

IS Vocational School Association! AL Hashmeyeh 1566 I

i16 Vocational TraininR ASsociation 509

17 Zarqa Govemerate Building 12n I

18 IZarqa Municipality 687 I

19 Zarqa New School 817

20 AI Dulayl HiRh School For Boys 3033

21 AL Hashmevah Hillh School For Girls 1132

22 AL Hussein New School Avenue. 906
I,
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29 Pilgrims City Mosque 913

30 I. an Hillh School For Girls 65\

31 !AI Rusayfeh Vocational School For Boys 569

"alqa

\ Princess Iman Hospital 2\7\
i

2 j ordan University Farm 2114

3 Deir Alia Regional Center 828

, 4 renter For Rural Development 730

I 5 AlUicultural Directorate OF Jordan Valley 706

I 6 AL Twal Southern Hillh School 714
I 7 Pilgrims City 2959I'

I 8 Ministry Of Health 1535

I 9 ~ordan Vallev Authoritv 501

10 'Pead Sea Rest House 1298

II Southern Shooneh Vocational School 620

, 12 !AL Shoooneh Hillh School For Girls 648

13 Minsitry "Of Water 4122

\4 Ministry Of Youth 703

\5 Ministry Of Youth 612 I
Ii

16 Ministry Of HealthlNurscs Dorm 733 ,i

i=lZ=JMinistry Of Health
,II

2207

': \8 •Ministry Of Health \452

: \9 Ministry Of Education 929

I 20 "AL Salt Community College 3773
.~~y School For Girls 657

Urn Goazeh School 1037::itj23 Ministry Of Education! Khaolah Bint AL Azwar School 663

24 IlBurQa Hillh School For Girls 650

, 25 I!AL Salt School For Girls 685

26 IIAL Salt Hillh School 817

27

28

29

': ocational Trainin Center,
i, ational Center For Agricultural Researches

',AL Bak'ah School For Girls
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561

583

78~

59~

IA422 Flfa Jordan Valley Mosque

23 Directorate Of Jordan Valley

24 AI. Ramlch Jordan Valley Authority

25 AI Thaher Babers School

26 AL Safcc High School For Boys

30 Ministry Of Religious Affairs 1039

31 Hospital For Mental illness 6273

32 AI Fuheis High School For Girls 1273

Karak
,

,

"

1 lSocial Security Corpcralion 57.•

!
2 Religious Affairs / AL Karak Mosquc 754

I 3 Public Hospital 70U II
I 4 Mo'tah Univcrsity / Agr. Dept. 5360 ,

Mo'tah Universitv / Nursing Depl.
,

5 505

6 Ministry Of Health 3500

7 Karak Community College 500

8 hne New School For Girls 625

9 Fgoo' High School for Girls 737
I 10 EderSchool 1837

11 AL Yarout School For Girls 513

12 Mo'tah University 686
I

13 AL Huseineyeh High School For Girls 5III :1

14 IVocational School 1173 I
,

15 The New School For Girls 626
I16 Thc Jorda Valley School For Girls 814

17 Monistrv Of Justicc 511 I
Minucipalitv OF Jordan Valley

I,

18 660 I
19 Ministry Of Health (The Jordan Valley Hospital) 571 I

I

I20 Jordan Valley Hospital I AL Matcck 1098
,

I21 Jordan Valley Agricultural Station 3137
I. \,
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f-\jIOUD

I MinistrY OF Health/Arian Center 513

2 Eman Hospital 5035

3 Ajloun Community College 1481

4 Oasreh School For Girls 691

5 King Abduallah Bin AL Hussein School 513

6 !AI Amreveh School For Girls 913

~eanh

I Iwater Authority 1295

2 ~erash Hosoital 3491

~afeleb

I [rafeelah Community College 1809

2 Ministrv Of Health 1414

3 ~ Bin Malek School 1293

4 AL Hcssa High School For Boys 563

Madaba

I AL aRshv School For Girls 712

2 AI Kansa'a School For Girls 1124

3 IAL Nadeem Hosoital! Ministrv OF Health 1970

4 lAL Sawa'deh School 8'"-'-

5 Eskan Haneena School 508

6 Hamad Salman AL Ma'avah 1553

7 ,""ub High School For Girls 624

8 Ministrv Of AgriculturelMadaba 840

9 Ministrv OF EducationlAL Geravneh School 714

10 MinistrY Of Health 1357

II Ministrv Of HealthlEwavtv Health Center 5571

12 Ministrv Ofinterior 2674
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13 Ministry OF Religious AffairslThe Arab Mosque 13Q2

14 Princess Basma HildJ School 10Q2

15 Vocatioanl School OF Madaba 2102

Mafrak
,

I ~bu Ayyat MOSQue 707

2 !AI ALBAit University 32831

3 AL Kaldeyeh Irrigation Center 1785

4 ~I Kaldeyeh Station 1528

: 5 AL Za'tary Water Stationary 500

6 ;Aydoun High School For Girls 701

7 :Jaber AI Sarhan Border Point Center 4058

I 8 Mafraq Municipality 559

9 ~ Vocatonal HildJ School 609
,

10 Mafraq Water Management Authority 2632

II Magecr AL Sarhan School 753

12 Rahab Health Center 537

13 School Health Care 721 I
I

14 lRewayshcd Public Hospital 1137
,

;1

15 ~I Rewayshcd Customs Center 1016 it
;

i
j"

'lMa'an II
I

1 '~I Hussein Bin Talal University 1665

2 IlAntiQuities 594
i

3 Directorate Of Agriculture In Ma'an 508

4 Health Units For Petra City 4045

5 ~ordan Tc1evision and Radio Stationary 860

6 Ma'an Hospital 3975

7 Ma'an Vocational School For Girls 889

8 Ministry Of EducationlAL Khalil School 985 il

9 Ministry Of Health! AI Husseineyeh Health Center 707 I'

10 Ministry Of Interior 780
I

11 Ministry Of Public Works 1~17
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12 Ministry Of Religious Affairs 572

13 Ministry Of Religious Affairs I AI Hashmy Mosqu.: 592

14 Ministry Of Relildous Affairs I AL Wehdat MOSQue 551

15 Ministry Of Religious Affairs I Uthman Bin AfTan Mosque 510

16 Ministry Of Social IJevelopment 1320

Ministry Of Supply
,

17 900

18 Ministry OF Tourisim I Visitors of Petra City Center 581

19 MinislIy OfTourisirnl Aqaba Terolcry 1049

20 Ministy OfTransportation 729

21 Railroad Corp. 1000

22 Railroad Corp. 800

23 Railroad Corp. 2672

24 Sport Complcx 550

25 The Health Unit for Pctra City 4045

26 AL Husscyncych Girls School 500 ;!

27 AL Shoabak School For Girls 982 I'

28 'Salah AIDeen High School 890
II
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