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Executive Summary

This profile is one in a series supported by the Project in Development and the
Environment (PRIDE) on environmental markets in Near East countries. including Jordan.
Egypt, Morocco, and Tunisia. Designed to help the local and U.S. private sectors
participate in environmental business development, each profile defines the country's
environmental business sector, describes products and services that the country needs,
identifies opportunities, and offers other useful business information. The findings for this
profile were developed through field and survey research conducted in Jordan in late 1992.

The most significant environmental problems in Jordan are water related. Water
scarcity, combined with rapid development and population growth, are associated with the
following chronic environmental maladies:

~ Overexploitation of aquifers as a result of increasing demand and limited water
resources.

~ Inadequate industrial and municipal wastewater treatment capacities.

~ Location of industrial plants near or immediately upstream from major water
supplies.

~ Overuse 3l:ld misuse of pesticides, insecticides, fungicides, and fertilizers, leading
to irrigation drainage that pollutes surface and groundwater resources.

Other major f:nvironmental problems facing the country stem from unmanaged
disposal of solid, hazardous, and mining waste (primarily from phosphate mines), and
industrial air pollution in Amman.

Currently, these problems are addressed by a medley of uncoordinated rules and
regulations falling under the jurisdiction of various government agencies, many of which
lack clear statutory directives for their actions. Standards are strict for some sources of
water pollution and nonexistent for others. The problem of industrial hazardous waste is
largely unaddressed, ant;{ no fonnal air pollution program exists. Finally, there is no
statutory basis for coastal zone management, although several related statutes provide
authority to regulate coastal areas. The need for a comprehensive legal framework is clear.

Although a national environmental law has not yet been enacted in Jordan, a Draft
Environment Act prepared in October 1992 is being revised and is expected to be passed in
1993. The 17-page draft act indicates the Government of Jordan (GOl) is pressing for
improvements in environmental policy. Development of the Environment Act was prompted
by the National Environment Strategy for Jordan, a document completed in May 1991 by the
Ministry of Municipal and Rural Affairs and the Environment. The strategy describes
Jordan's environmental i:»roblems and makes recommendations to address water shortages;
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Executive Summary

overpumping of aquifers; population growth; desertification; agricultural land loss; pollution
of air, surface water, marine and groundwater; and loss of critical cuitural resources.

This profile concludes that the overall market for environmental goods and services in
Jordan in fhe next five years will be small and thus best suited for Jordanian firms, in some
cases with U.S.lforeign partners. This is largely due to the fact that the country's population
and geographic area are relatively small, and its industrial sector, compact. This compactness
will, however, facilitate execution of comprehensive pollution prevention and abatement
programs.

Several other .factors contribute to a positive outlook for Jodan's environmental
private sector. First, public awareness of the need for rapid government action to address
environmental problems appears to be growing in the ~ountry. In addition, a strong
community of nongovernmental organizations is playing a key role in facilitating government
action. Finally, the international donor and lending community will contribute more to
environmental programs in the corning decade (approximately $50 million annually for
municipal water supply and wastewater treatment projects alone). Thus, opportunities are
promising in several areas for finns providing environmental products or services, despite
the relatively small size of the country and its industrial sector.

Statistics on the size of current markets for environmental goods and services in
Jordan are virtually nonexistent. The table on the next page offers estimates of 1992 and
proje,·t..=d 1997 market size based OD general market statistics in Jordan and research
conducted for this profile on nine environmental business &ectors.

The total market for environmental goods and services was estimated at less than $54
million in 1992, 80 percent of which stems from wastewater projects that are largely donor
funded. To put these estimates in perspective, the International Finance Corporation has
estimated average per capita expenditure of non-OEeD countries on environmental goods and
services at about $8. This would place the current Jordanian market at $32 million. The
substantial donor aid that Jordan receives in the environmental sector accounts for the
discrepancy between that figure and the one on the table. The estimat~5 do not include
services that Jordanian government agencies provide to each other.

The estimates for municipal water supply and wastewater treatment are based on the
cumulative foreign donor and Jordanian commitments, whi~h amount to approximately $250
million over the next five years, or $50 million annually (see section on Municipal Water
Supply and Wastewater Treatment and Appendix D). It is also assumed that project
investments will increase toward the end of the five-year period.
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Executive Summary

Environmental Business Sector: Market Size Estimates by Market Segment

Municipal water and wastewater 40 70

Industrial wastewater treatment and prevention 2 20

Water purification an conservation 2 <20

Environmental monitoring and testing <1 3
equipment and services

Municipal solid and hazardous waste <5 20

Waste recycling <1 ~5

Agricultural waste recycling <1 No information available

Mobile and s~tionary source air pollution <1 5

Renewable energy and conservation <1 3"

Total estimated market <54 147

*In terms of technical potential, combined industrial and residential savings from energy efficiency measures is
estimated at about $31 million for measures having a payback period of three years or less. Spread over J.O years, a
realized market would be roughly $3 million annually. (Based on a model developed by ReG/Hagler, Bailly, Inc.
using energy balance data for Jordan from International Energy Agency; World Energy Balances 1985-1989, OEeD,
Paris 1990.)

The current estimate of $2 million for industrial wastewater pollution prevention and
abatement is based on interviews and research in Jordan and is probably conservative. The
projected growth to $20 million by 1997 reflects two anticipated developments: stricter
government regulation of industries emitting liquid waste streams, and more emphasis on
industrial pollution by the donor community.

The GOJ has already initiated efforts to modernize and upgrade water supply systems.
Estimates of market size for water conservation and purification systems are based on current
GOJ spending in this area. The projected figure reflects an expected increase in GOJ interest
in facilitating activities to stem leaks and stop illegal connections. Much of the expenditure
is expected to be recovered in saved water. It also reflects greater domestic interest in water
saving equipment and services as a result of water scarcity and rising water prices.

Two forces will drive business opportunities in Jordan: the ability of the GOJ to
sharpen its regulatory and enforcement efforts, and the scarcity of water of sufficient quality
to meet urban, industrial, and agricultural demands.
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Introduction and Overview

PRIDE (Project in Development and the Environment) has
targeted the private sector as an important player in delivering
solutions to environmental problems in Jordan. The purpose
of this profile is to describe Jordan's private sector
environmental market, and opportunities and strategies for
taking advantage of the growing demand for environmental
goods and services. This profile is designed to be useful to

both Jordanian and U.S.. private sector suppliers of environmental goods and services.

The profile also seeks to provide PRIDE and development agencies with infonnation
to develop a strategy tor private sector participation in environmental activities, and facilitate
the transfer of technology and expertise to Jordan's private sector to help it develop services
and capabilities.

The environmental business sector includes companies that
produce or sell products or services that help conserve natural
resources or industrial materials; prevent, reduce and control
pollution; dispose of or recycle wastes and hazardous
materials; protect water supplies; conserve energy; provide
energy from alternative sources; restore the environment and
its resources; and produce "environmentally safe" products.

Numerous finns that provide support services in the environmental area are also part of the
sector, including management consultants, advertising and public relations finns, lawyers,
financial institutions, and accounting finns. l

This profile focuses on nine types of environmental goods and services that reflect
Jordan's specific environmental problems relating to the deterioration of water, air, or land
resources. Together, they comprise Jordan's environmental business sector.

• Municipal water supply and wastewater treatment equipment and design,
construction and operation

. ~ Industrial wastewater treatment and prevention, and process materials reuse
(includes equipment, design and operation)

• Water purification and conservation equipment and services for industrial,
commercial and domestic use

• Environmental monitoring and testing
• Municipal solid and hazardous waste collection and disposal
• Waste recycling services and equipment
• Agriculturally related recycling and processes

I Massachuselts Environmental Industry/Education Resource Directory, 1992.
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Introduction and Overview

~ Mobile and stationary source air pollution control equipment and services
~ Energy conservation and renewable energy

The profile is divided into five parts. The first is an executive
summary. This part, "Introductiolij and Overview,"
summarizes Jordan's environmental problems and highlights
the most promising oPP011Unities in the environmental
business sector.

The third part, "Business Activities and Opportunities in the
Environment," describes each environmental market segment. Included are an overview and
information on products and services, potential clients, market demand, supply, competition,
ownership, and market entry barriers and strategies. A table illustrates the appeal of each
market segment.

The fourth, "What is Needed to Take Advantage of the Opportunities," briefly
delineates the needs: market awareness and information, increased regulation, particip,ation
by foreign environmental companies, financing, removal of barriers to market entry,
privatization, training, and access to new technologies and approaches.

Finally, the appendices give more details on Jordan's environmental problems,
environmental regulatory framework. and donor programs in the environment. The
appendices also contain lists of resources and persons interviewed for the profile survey, and
an explanation of the study methodology.

Improved health care and waves of refugee migration have
increased Jordan's population tenfold since 1948. This growth
has put tremendous pressure on the country's scarce water
relsources and its sanitation sector.

The population of Jordan in 1991 was estimated to be 3.5
million; growth has averaged over 3.8 percent per year in the
last decade. A full 75 percent of the population is under 30

years of age. Amman, the capital and largest cil,y, contains nearly 35 percent of the
population and is growing rapidly. The government is attempting to slow further migration
to Amman by promoting infrastructure development outside the city and providing financial
incentives to encourage industries to move to other locations.

Jordan has an area of approximately 90,000 km2, 90 percent of which is considered
arid and semi-arid. The mountainous area east of the Jordan Rift Valley functious as a
precipitation trap for the cold air fronts traversing the country from west and northwest to
east and southeast.
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Introduction and Overview

Only 3 percent of Jordan's land receives average annual precipitation of more than
300 mm (the minimum required tor wheat production in dry fanning areas). Around 90
percent receives average precipitation of less than 100 mmlyr which generally classifies it as
arid. The scarcity and uneven distribution of precipitation result in meager surface and
groundwater resources, comparable to the average flow of the Euphrates River in just one
week or that of the Nile in only three days.

The government has tried to alleviate water supply problems and pollution by
developing resources and infrastructure in semi-arid areas. Dams and irrigation canals were
constructed; water pipes were laid to transport drinking water; and wastewater projects were
undertaken in all large towns.

The main polluted surface water resources lie within or downstream from urban and
industrial areas, and near irrigated land. Pollution from domestic and industrial sources
adversely affects the quality of surface waters. Other surface waters affected are wadis,
creeks, rivers and dams downstream from wastewater treatment plants, and solid waste
disposal sites like Wadi al Arab, Ukeider, Wadi Shueib, and Wadi Sir.

Pollution from waste disposal has also affected major groundwater resources,
rendering some of them unsuitable for domestic purposes and/or irrigation. Amman-Zarqa,
the main groundwater area affected, has half of Jordan's population and 70 percent of its
light and medium-sized industries.

Groundwater resources are also polluted from solid and liquid waste disposal.
Groundwater quality in Karak, Irbid, Ramtha, Aqaba, Mafraq, and elsewhere is deteriorating
due to semi-treated wastewater from wastewater treatment plants. In Jordan Valley, Dhuleil,
Sama Sdud, and al Agib, overuse of pesticides and insecticides including DDT (now banned,
except to eradicate malaria) has significantly increased their concentration in surface and
groundwater resources. The flow of irrigation water to rivers increases salinity and the
concentration of biocides, nitrates, phosphates, and other damaging substances.

Jordan depends almost exclusively on imported oil for its energy needs, except for
modest amounts of natural gas from a recently discovered field. Energy demand rose
sharply between 1974 and 1984 at an average annual rate of 14 percent, though the rate of
increase has decelerated in the last five years. The total national consumption of primary
energy in 1991 reached 3.28 million tons of oil equivalent (TOE) compared with 3.33
million TOE in 1990, a decrease of 1.6 percent. Causes of the decrease included the
economic recession and the GOl's adoption of additional rationing and conservation measures
early in 1991 when neighboring countries cut off oil supplies. Electricity ranked second after
the transport sector in energy consumption.

The air is considered relatively clean in most of the country except for some polluted
areas such as the industrial zones. The main industries are phosphates, potash, cement,
glass, iron, petroleum refining, fertilizers, electrical power sllltiOns, and ceramics. The vast
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Introduction and Overview

majority of industry consists of small workshops, except for about 550 medium-sized food,
chemical, furniture, and construction firms, located mostly in the Amman region, Marka,
Sahab, Bak'a basin, and. Zarqa in the northeast.

Until recently, open dumps were the only way to dispose of solid wasle. [n recent
years several have closed, but many are still used. The waste is dumped, ignited, and
allowed to burn, polluting air and water (through leaching), and leaving organic residues
which serve as a haven for disease and vermin.

Mining waste is also a significant environmental problem in Jordan. It destroys
agricultural soil and vegetation cover, causing dust to collect in public sewage and irrigation

tunnels, and trace elements to leach into the soil or blow in
the air and land on plants.

Because Jordan is relatively small, a good business
opportunity must demonstrate promise for significant growth.
Business opportunities in Jordan will be largely driven by two
forces: the GOJ's ability to sharpen its regulatory and
enforcement efforts, and the increasing scarcity of water of
sufficient quality to meet urban, industrial, and agricultural

demands. The best opportunities lie in the areas summarized in the table on the next page.
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Introduction and Overview

Overview of Opportunity in Five Environmental Subsectors

Municipal Wastewater Treatment

• Current systems desperately need upgrades in capacity.
• Donor spending in this area dominates environmental spending in Jordan.
• Demand will increase as Jordan's population grows and clean water becomes

scarce.

Industrial Wastewater Treatment and Pollr.ttion Prevention

• Water scarcity and impending stricter GOJ regulation will drive market.
• Potential for low-cost pollution prevention, materials recovery, and recycling can

be associated with cost recovery and savings.
• There are excellent opportunities for foreign/local joint initiatives.
• Donors are expected to emphasize this area more in the future.

Water Purijication and Conservation

• Potential is strong for upgrading water supply systems since this effort is often
associated with cost recovery or increased income.

• GOJ is already committed to programs to stem water losses.
• There is potential for foreign/joint initiatives.

Municipal Solid and Hamrdous Wa.ste Collection and DiS]lOsal

• The booming urban population will lead to a steady growing demand for these
services.

• Collection services are likely to 'Je privatized, opening new opportunities for local
contractors.

• Enactment of regulations on hazardous waste disposal is expected, given the
increasing threat of aquifer contamination coupled with Jordan's limited water
supplies.

Waste RecycUng

• Waste glass and metal recycling has proven profitable, but collection and
separation efficiency could be improved.

• Plastic waste production is increasing, providing new opportunities for recyclers.
• The collection and recycling of motor oil has a large unrealized potential

especially considering current threats to water supplies from discarded motor oil.
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Business Activities and Opportunities
in the Environment

Due to Jordan's rapid population growth and
continuous waves of immigrants and retunJees,
wastewater treatment plants that were designed to
handle wastewater for decades are reaching maximum
capacity in under 10 years. Demand is growing for
municipal wastewater treatment facilities. Recent
legislation and enforcement are also stimulating the

growth of the municipal wastewater treatment market. Expanding public awareness and
access to donor-agency funding are expected to further drive market growth.

Problems with wastewater manl\gemellt exist throughout the kingdom, but are
concentrated in the Amman-Zarqa region. Many systems are overloaded and need capacity
upgrades or supplementary systems. For example, the ponds at As-Samra were designed for
an average flow of 68,000 em/day, but now must accommodate 97,471 em/day. Ab0Ut 90
percent of the urban population has access to piped water, and tankers serve the res~.. Piped
wastewater systems serve nearly 4S percent of the urban population and 31 percent 'jf the
total population.

Fifty-five of the 108 major effluent-producing industrial operations are connected to
Amman-Zarqa sanitary sewers, while the remaining S3 discharge to surface waters, mostly
wadis. Jordan's 14 major wastewater treatment plants receive strong sewage similar to
industrial discharges. No central facilities exist to handle and dispose of toxic and hazardous
waste.

In recent years, the Water Authority of Jordan, responsible for municipal water
supply and wastewater treatment (see Annex C, Regulatory Framework), has had a mounting
deficit. Water and sewerage charges to customers have not been sufficient to cover existing
services. let alone to fund additional construction. The GOJ has had to rely on other internal
and donor funding sources to finance construction and operation of municipal wastewater
treatment facilities.

The construction of municipal water supply and wac;tewater treatment plants will
receive the greatest emphasis in environmentul spending over th~ next decade, in respo,.,se to
growing demand. The fullding driving the market will be supplied by the GOJ and by
international donor agencies, which are expected to spend US $250 million on water supply
and wastewater treatment in the next five years. While primary and secondary .leatment
methods are in greatest demand, tertiary treatment methods are being considered for some
areas.
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Business Activities
and Opportunities In the Environment

Water Authority of Jordan Revenue am) Expenses, 1988·1991
(In millions JD)

Water and Sewcr
Revcnucs

Currcnt Expenscs

Annual Deficit

Accumulated Dcficit

24

37

13

48

24

51

27

7S

22

58

36

111

24

61

43

147

Source: A Water Managemcnt Study for Jordan, PRIDE, 1992

Jordanian firms will be in a position to take advantage of key markets including pipe
manufactuk'e, (local pipe fabrication is already developed), plant and distribution system
construction, small- and medium-scale project design and engineering (joint ventures with
foreign engineering firms will be the best approach for large-scale pl'Ojects), and some
structural and mechanical equipment and supplies such as storage tanks, valves, water
meters, and filters. In addition, local firms will be in a much better position than foreign
firms to pioneer and fine-tune low-cost alternative wastewater treatment methods suited to the
Jordanian context, such as aquatic plant lagoons in place of high-tech, tertiary treatment
technologies. Local production of chemicals for water and wastewater treatment is limited
but will dominate supply of this market by the end of the decade.

Foreign firms will continue to be best poised to lead large-scale design and
engineering projects, and through this decade, will be the sole suppliers of highly
sophisticated technology and equipment. Many opportunities will also emerge for. joint
manufacture of water treatment and supply equipment. Much of the equipment and services
bought with donor funding will be earmarked, depending on the donor. Nevertheless,
competitive firms offering superior products will be able to enter the market.
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Business Activities
and Opportunities in the Environment

Type of Sewerage System Available in Houses
(percent of total houses)

Public network 79.6 <'l.S 1.7 29.6

Cesspools 19.0 92.1 85.2 64.8

Others 0.7 1.7 0.8 1.1

Nothing 0.7 1.7 12.3 4.5
Source: NalloTIQI Environmtl/lal Straltgy for Jordan, 1991.

Products and Services

Technologies used for wastewater treatment mclude conventional secondary treatment,
stabilization ponds and aerated lagoons, land treatment, phosphorous removal by chemical
addition, nitrification, and granular media filtration.

A typical conventional secondary treatment system might employ the following
technologies: preliminary treatment such as skimming and screening to remove debris and
large suspended soUds, influent pumping, primary clarification and coagulation, activated
sludge treatment, secondary clarification, effluent disinfection by chlorination, and sludge
treatment. Typical equipment includes clarifiers, pumps, piping, aeration and settling tanks,
aerators, digestors, flow meters and regulators, control instrumentation, and analytical
sampling and testing equipment.

Services for this market are provided by finns that design, construct, and supply
materials and equipment for conventional as well as non-conventional municipaJI wastewater
treatment systems. This market aiso encompasses the operation and maintenance involved in
managing wastewater treatment systems.

The opportunities in municipal water and wastewater treatment are rated in the table
on the next page.

Clients

The clients for the design and constn.ction of wastewater treatment plants will be the
Ministry of Water and Irrigation and other municipalities that are under the Ministry of
Municipal and Rural Affairs and the Environment. A significant portion of the funding will
come from donor agencies and multilateral banks.
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and Opportunities in the Environment

Municipal \Vatt'r and \Vastcwatcr Trt'atrllt'llt ~
. ,

TYPE OF
BUSINESS

ENGINEERING • () • • • KEY
AND DESIGN

O-Low

CONSTRUCTION 0 • Ct () • (I- Medium

- • - Hlab
EQUIPMENT • () () • •AND SUPPLIES

-..It;

0 " 0 () •AND
MAINTENANCE

As aspects of the operations and maintenance are privatiztd, the clients for the plant
operations will be the population served by the plants. The contracting company that runs
the plant is hkely to purchase replacement and upgrade parts as well as treatment chemicals.

Demand and Market Size

Donors will spend an estimated $250 million on water supply and wastewater
treatment over the next five years or $50 million annually (donor-funded projects are listed in
Appendix D). Of the $250 million, $65 million will go directly to wastewater treatment. In
addition, another $585 million worth of projects has been proposed, for which donors have
not yet: been identified.

The demand for conventional secondary municipal wastewater treatment systems can
also be: roughly estimated for the next 20 years, based on popv.lation projections. Over that
period, municipal wastewater treatment plants will need to 00 constructed to serve 4 million
people.2 The cost of constructing secondary municipal wastewater treatment systems to serve

2 Jordan!; population can be projected conservatively at 6.5 million in 20 years, 80 percent ofwhich will probably be
urban (compared to 70 percent today). Assuming 95 percent ofthe urban population will be served by secondaly municipal
wastewater treatment systems, systems must be constructed to accommodate 3.7 million more urban residents. Assuming
50 percent of the rural population will be served, plants must be built to 9Q:Ommodate an additional .25 million people.
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4 million people is estimated at roughly $1.1 billion, or $55 million annually (using cost
curves from EPA document no. 600/8-84-010, adjusted to 1990 dollars). Most likely, more
of the tot'll will bf: spent in the second decade than in the first t:'~""de. Furthermore, this .
figure does not include money spent to maintain existing systems or to operate and maintain
new ones.

Non-conventional treatment methods will likely also be employed, particularly tertiary
tn:atment in plants that receive complaints about odor emissions when water is to be used for
agricultural purposes. One method considered is to cultivate aquatic plant colonies, which
COl1SUmf: the remaining organic content of the treated wastewater, clarifying it and producing
potential animal feed.

Summary of Sewerage and Water Treatment Projects

"'''JJIl!lMII_1
Aqaba sewerage project 18 months 1.8

EIB: Zarqa sewerage collection 92/94 9.6 lit.

USAlD: Industrial waste discharge 93/98 1.1

Salt water expansion 24 months 2.6

FuhaislMahis sewerage project 24 months 2.8

KFW: Irbid sewerage 93/96 26.9

USAlD: AI-Samra upgrade 93/98 6.6

USAlD: AI-Samra feasibility study 91/92 0.3

Wadi Musa sewera£e 24 months 2.9

Mudawara sewerage 12 months 0.3

Jarash sewerage expansion 24 months 2.7
11

Souf and refugees sewerage 24 months 2.8

Other sewerage projects 24 months 5.5

Total 65.9

Source: A Water Management Study for Jordan, PRIDE, 1992.
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Supply and Competition

Jordan has municipal wastewater treatment plants to meet the needs of around 70
percent of the population, in addition to numerous wastewater treatment plants belonging to
public and private sector organizathms such as airports, hospitals, uni,fersities, industries,
and army camps. The municipal wastewater in Jordan is rel:Jtively thick with a BODs of 700
to 1,000 mg/l, reflecting the modest use of water in homes due to water scarcity.

Municipal Wastewater Treatment Plants Owned by the Water Authority of Jordan

As Samra 1985 68,000 Waste stabilization ponds KTR

Mafraq 1988 1,800 Waste stabilization ponds Irrigation

Aqaba 1987 9,000 Waste stabilization ponds Irrigation

Ramtha 1988 2,335 Waste stabilization ponds Irrigation

Abu Nuseir 1988 4,000 Activated sludge KTR

Baqa'a 1988 6,000 Trickling filters, Solid contact KTR

Salt 1981 2,442 Extended aeration Shua'yd Res., Ground
water recharge

Irbid 1987 11,023 Trickling filters. Activated sludge Wadi Arab

Jarash 1983 1,155 Oxidation ui~r:h KTR

Karak 1988 786 Imhoff tank, Trickling filter Wadi Karak, Irrigation

Tafila 1989 800 Imhoff tank, Trickling filter Le·Ghoweir

Madaba 1989 2,000 Waste stabilization ponds Irrigation

Ma'an 1989 1,335 Waste stabilization ponds Landscaping,
revegetation

Koufranja 1989 1,800 Imhoff tank, trickling filter Wadi Kufranja

Source: WAJ Central Operation Department

The majority of the e~1.::ipment and materials used to construct water and wastewater
treatment facilities comes frUi.4! foreign manufacturers, either directly or through local agents.
British companies seem to be the most competitive equipment suppliers. Some British
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companies are part of an American company and/or have a license agreement to manufacture
American-designed equipment.

Several Jordanian firms are ready to plan, design, and construct wastewater treatment
facilities, but the greatest chance for success in large-scale projects would come through
partnerships between Jordanian and American finns. Jordanian engineering consultants and
construction·contractors have demonstrated they are capable of designing and constructing
small- and medium-scale water and wastewater' treatment facilities. Some Jordanian firms
have even competed in this area internationally.

Concrete reinforcing iron bars and pipes are manufactured locally. Local production
includes reinforced concrete pipes for wastewater collection systems, small quantities of PVC
pressure pipes and glass-reinforced plastic pipes, and galvanized steel pipes. Opportunities
exist for local production of other t"Jpes of equipm.mt, ;,ncluding water meters, storage tanks,
valves, and chemicals for water and wastewater tr.eatment. So far, local production of these
items has been limited, d11e in part to the small size of the total Jordanian market.

Strategies for Market Entry

The cost of starting production of large-scale or sophisticated wastewater treatment
equipment is relatively high, given the small Jordanian market. To make a venture profitable
in the long run, local manufacturers would need to feel confident that they would have
consistent access to donor agency funded projects, or be able to tap international markets.

Weak legislation and enforcement, bureaucratic barriers, and lack of low-interest rate
financing are all mC\lor barriers to expansion of this market.

GOJ is see1icing to manage its water and wastewater works more efficiently.
Privatization couid providt.~ an opportunit~ for private companies to take over operation and
management of selected wastewater treatme'nt plants and water supply systems. Jordan's
electricity distribution network has been a private sector venture since its inception 46 years
ago, and could be a model for efforts to privatize wastewater treatment. Privatization would
also provide an opportunity fi')r consulta.nts to facilitate the transfer of ownership. U.S.
companies and consultants could help evaluate and manage large corporations.

To pave the way for privatization, "everal barril:rs must be addressed, such as the
lack of legislation and enforcement of wast( water standards, limited awareness and expertise
in privatizing corporations as large as wastewater treatment plants, and inadequate financing.
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Industry consumes approximately 6 percent of the
water used in Jordan. Only about 100 industrial
installations have wastewater that requires treatment
before being diecharged to a municipal treatment plant.
The GOJ identified a number of industries discharging
wastewaters to the Zarqa River and in June 1991,
ordered several to close. The temporary closures

initiated a series of agreements between the GOJ and the imlustries that has begun to change
industry wantewater management. A few industries recycle water, especially for cooling.
Most major industries draw their supply partly from wells. At present, little is being done to
conserve industrial water or control pollution.

The government must take the following actions to pave the way for progress in
industrial waste prevention and control:

• Promote water and waste management education
• Aggressively and comprehensively monitor and enforce
• Adequately price water for agriculture and induf.l.')'
• Control industrial waste discharges through emphasis on pollution prevention and

dischar~e charges
• Create financial mechanisms to help supply and purchase clean technologies and

pollution prevention technologies

Many of Jordail's existing industrial wastewater treatment plants do not function
properly; therefore, the direct use of their effluent is highly risky for workers in direct
contact with the water, and for crop consumers. Many plants are not designed specifically
for the pollutants they treat. The industrial sector has little knowledge of pollution
prevention and waste minimization technology and practices. The Amman Chamber of
Industries is addressing this disparity.

Industries are concentrated in Amman and the Zarqa Basin. In Amman one major
industrial park houses many industries. Although most industries in the park are ,small, they
generate highly toxic and ,1angerous pollutants. Paint fabricators, metal plating, and cloth
dyeing are a few activities that take place there. The park lacks a wastewater treatment
facility designed [0 handle the industries' .wastewaters and make them acceptable for
discharge directly to the Zarqa Ri'ler or the municipal sewer system.

Products and Services

This category includes the design and construction of end-of-pipe treatment methods
as well as clean technologies and changes in pollution prevention processes to reduce the
volume, concentration, or toxicity of industrial wastewater. End-of-pipe treatment methods
fall under biological, chemical, or physical treatment technologies. The equipment used for
biological processes includes tanks, biological digestors, piping, pumps, clarifiers, filter
media, and gauges. Lagooning requires construction and lining materials and effluent
deliyery to and from the lagoon.
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Physical processes include methods that physically extract or separate pollutants from
effluent waste streams. Technologies include activated carbon adsorption, air stripping,
clarification, equalization, evapor~tion, filtration and separation, screening and cooling, and
incineration. A wide variety of equipment is associated with these processes.

Chemical treatment technologies make pollutants less hannful or decompose them
altogether. The chemical processes used to treat industrial wastewater include oxidation and
reduction, coagulation and precipitation, neutralization, ozonation, and sulfide precipitation.
The equipment used for these processes tends to be less complex than that for physical or
biological methods, and involves effluent delivery systems, chemicals, control equipment,
and tanks.

The volume and concentration of effluent from most industrial plants can be reduced
through process changes or materials recycling and recovery, which almost always requires
expertise in process engineering. Often, equipment is employed as part of the process
change or to recover or recycle lost raw materials, intennediates, or products. High priority
industries for pollution prevention and clean technologies include those that use organic
solvents and other raw materials, process metals, and large quantities of water.

Investments in pollution prevention and clean technologies pay for themselves through
reduced costs for raw materials, and savings from less raw material use and/or product loss.
End-ox-pipe treatment is a cost that can usually be justified only in tenns of savings in fines
or the h"ldirect benefits of a cleaner environment.

Equipment and services are supplied by quasi-government organizations, universities,
the Royal Scientific Society, the Amman Chamber of Industries, NGOs, or the private
sector. Much of the equipment would have to be imported, especially pumps, aerators,
chemical feeders, and pollution prevention and clean technologies. Both Jordanian and
foreign personnel and companies could supply services.

The opportunities in industrial wastewater treatment are summarized on the table that
appears on the next page.

Clients

Industry is the largest client for equipment and services. The private sector owns
most industries including polluting businesses such as gas stations, garages, laundries and
cleaners, and large institutions such as hospitals and industrial parks, except for a few large,
strategic industries in which the government owns 51 percent or more of shares. A factory
that handles toxic, hazardous, or polluting materials and produces wastewater with pollutants
in excess of levels in the National Standard Specifications must invest in pollution prevention
and/or control technologies and services to meet standards. They should invest first in clean
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technologies, reuse, and recycling and should handle the remaining pollution with end-of-pipe
technologies.

Industrial 'Vast~wat~r Tr~atlnent

TYPE OP
BUSINESS

DESIGN AND ct ct • ct • KEY

CONSULTING O·Low
EQUIPMENT ct ct • ct • <t. Medium

AND
•• Hi.bSUPPLIES

OPERATION AND 0 ct 0 0 ctMAINTENANCE

Demand and Market Size

Many of the 2,300 registered factories in Jordan need to install pollution prevention
or wastewater treatment equipment. Many, however, are too small to install a treatment
plant. The smaller manufacturers are ideal candidates for pollution prevention, waste
minimization, and clean technology applications. The type of pollutants found in
wastewaters from Zarqa Basin industries are shown un the table on the following page:
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Estimated Pollutant Loads from Zarqa Basin Factories, 1990

CHEMICAL 3374 196 1135 7528 122 8 3570 .2 1.3 I.l .2 .09 .3

PULp·PAPER 2300 461 1122 3135 4 8382 .8 .3 1.0

METALS 630 8 29 1846 4 .9 .1

FOOD 883 S263 13287 10613 377 91 95693 .2 .2 1.5 .1

SLAUGHTER 1200
HOUSE

IS124 21735 13670 17 15 274973 .3

TEXmES& 654
CLOTHES

162 443 835 11 33 2936 .1 .1 .01 .1

TANNING 200 38 102 2638 36 691 .2 .2

CANDY

BEVERAGE 460

294

288

706

641

235

941 4 2 S236 .1 .4

TOTALS 9776 21834 39200 41441 S76 IS5 396972 2.4 2.1 5.S .4 .1 1.1

• Kilograms per day (Kg\d)
• indicates trace amounlS were found and a blank indicates thar no data were reported

The types of wastewater treatment plants in Jordan include stabilization ponds,
activated sludge, and trickling filters. Some function properly and produce,. satisfactory
effluent quality, while others produce efHuent that damages the environment. Stabilization
ponds in Jordan such as Khirbet es Samra, Aqaba, Mafraq and Ramtha are known to be
creating problems. Major changes are required to improve t"eir efficiency as the volume of
incoming effluent is more than twice what they were designed to handle. A key problem is
often the amount and type of industrial discharges they are receiving.

Many institutions, such as universities, hospitals, airports, and army camps, have
treatment plants for their waste'waters. Some are functioning well, but most have serious
operation and maintenance problems.

A few plants recycle industrial water for use within the plant. An example of
successful in-plant recycling is the Hussein Thennal Generating Plant. In general, reuse in
industry involves mixing effluents with other water resources and reusing them in irrigation,
as is done with the phosphate mining effluent in Ruseifa, Hasa, and Shidiya, and the cement
factories.
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Supply and Competition

British companies are the most competitive industrial wastewater equipment suppliers.
Some of them have a license to manufacture American-designed equipment. There are few
package plant suppliers; most industrial wastewater treatment plants consist of pipes, pumps,
tanks, mixers, etc., assembled according to the design specifications of consultants.

The private sector works closely with equipment suppliers to choose and design
industrial treatment installations. The volume of treated wastewater in Jordan was estimated
at 50 MCM/yr in 1991. Evaporation, infiltration, and other losses reduced the volume used
to around 30 MCM/yr.

Strategies for Market Entry

Highly qualified engineers and scientists with knowledge and experience in pollution
prevention, waste minimization, or clean technology are in short supply, as are end-of-pipe
treatment plant design and construction professionals. Businesses have some qualified staff
with experience in industrial end-of-pipe treatment, especially civil and construction
engineering. Few companies manufacture equipment and even fewer could operate or
maintain pollution prevention or waste treatment equipment. Companies do not stock
equipment; plant design and equipment is imported on a case-by-case basis.

The best strategy for local companieH, either consultants or equipment sales and
service businesses, who want to enter the market wO'lld be to combine pollution prevention
and control with services and sales. A second strategy would be for a local finn to associate
with a leading international firm in the chosen business segment. The association would
allow the local firm to gain the training, support, and expertise to be competitive and to
supply high-quality consulting, design, or operation and maintenance services. It could also
lead to a closer relationship in which the foreign company could continue to draw on less
expensive local labor for work outside Jordan and, when doing business in other Arab
countries, the foreign firm could take advantage of language skills of the Jordanian staff.
Entry strategies for a foreign company could include association with or purchase of a local
firm.
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Water scarcity and frequent rationing have reduccd Jordanian
water consumption to among the lowest in the world on a per
capita basis. The growing demand on Jordan's limited water
supply will cause water conservation to continue to be the key
approach to dealing with scarcity. Already, municipal water
demands outstrip supply, a discrepancy that is expected to
grow (see table below), opening a wide range of markets for

related businesses. As more water management techniques am employed to stay abreast of
increasing demand, attractive opportunities will emerge for private sector firms. Many
niches, including service supply or equipment manufacture, would be best filled by
foreign/local cooperative efforts. These opportunities for foreign and local busin~sses are
discussed in the section on demand and market size in this chapter.

Current and Projected Water Supply and Demand

1990

2000

2015

3,453

5,249

8,684

157.9

309.8

573.5

125.0

190.0

314.4

Source: Water Authority of Jordan, 1992

Products and Services

This section covers equipment or services that conserve, recycle, treat, or purify
water for an industrial, urban, or commercial use, as opposed to treating wastewater before
expunging it (a topic covered in chapters on municipal and industrial wastewater). The
actual recovery of used water in industrial processes is covered in the chapter on industrial
pollution treatment, and materials recovery.

Water conservation can be accomplished in several areas, broadly divided into supply
management and demand management techniques. Supply management techniques include
leak repairs, measure and allocation devices, prevention of illegal connections, pressure
reduction, evaporation suppression, watershed management, and small-scale rainfall
collection devices. Demand management techniques involve reducing use of water through
such measures as water pricing, local reuse and recycling, use of water saving devices,
education, regulation, industrial process changes, and crop substitutions.

Water purification systems for industrial, municipal, or commercial use consist
primarily of physical and chemical treatment technologies, whereas biological methods are
the principal type of treatment for emuent for reuse.
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Physical processes include methods that physically extract or separate pollutants from
effluent waste streams. Technologies considered in this section include activated carbon
adsorption, clarification, evaporation processes, and other filtration and separation processes
such as ion exchange and membrane processes.

Chemical treatment technologies make pollutants less harmful or decompose them
altogether. The chemical processes used to treat water for a particular use or reuse include
chemical oxidation and reduction, coagulation-precipitation processes, neutralization, and
ozonation. The equipment used for these processes tends to be less complex than that
required for physical or biological methods, involving effluent delivery systems, control
equipment and instrumentation, and tanks.

Potable water filters use several kinds of cartridges such as cellulose, paper, activated
carbon, and ceramic. Growing public awareness of water pollution has increased demand for
such filters (importation of filters increased by 52 percent in 1991 over 1990), and it is
expected to continue to grow. The opportunities in water purification systems and
conservation are rated on the table below:

\ Va h' r P U 1
4 i fi cat i () n S." st t' 111 S

ilnd Consl'I'\'~lti()n

TYPE OP
BUSINESS

WATBR DY
PURIPICATION () • • () • O-Low

SYSTEMS

SUPPLY MGMT.
() • () • • (J - Medium

EQUIPMENT A
... BlabSERVICES

DEMAND MGMT. () • () () •BQUIPMENTA
SERVICES
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Summary of Water Supply Distribution Projects

EEC/KFW/IBRD: Amman water system

BIB: Ramtha water supply

Saudi Fund: S. Amman water supply

Rehabilitation of Fuhais water system

Ajlun district water projects

Wadi Musa water project

Al-Aaboun (Tafileih) water project

Salt water project

Mafraq water project

Other water projects

Total

93195

NA
87/92

18 months

12 months

48 months

30 months

24 months

2S

4.5

12.8

1.7

l.S

1.1

0.7

S.O

3.2,

3.5

59.0

Source: A Water Management Study for Jordan, PRIDE Document, 1992.

Demand, Market Size and Opportunities

Supply Management '

The time is right for municipalities to look to the private sector to repair distribution
system leaks, block illegal connections, and install measurement and allocation devices.
Such measures can recover costs which can pay the contractor and generate income for the
municipality. The savings attainable through these measures have been estimated at 30
MCM/yr by 2015. Over half (56 percent) of the municipal water supply is unaccounted for,
meaning it is lost through leaks or illegal conne'.;tions. The current municipal water supply
could be increased by 14 percent simply by fixing leaks. The total cost of repairing leaks
and stopping illegal connections has been estimated at JD 75 million. Black, Veatch and
Associates (1987) projected cost savings and revenues of approximately JD 7 million in 1991
by reducing municipal leaks to 15 percent. During low flows, water goes unrecorded
because many meters do not function properly. In Mafraq water district, an estimated
10,000 of 18,000 water meters are broken or not in use. With the private sector water meter
installation firms working on an incentive-based contract, municipal water authority revenues
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could probably be nearly doubled by repairing and Installing meters (combined water supply
and sewerage revenues were JO 24 million in 1991).

The WAJ has called for ~(:tions to deal with meters, bl1ling, illegal connections, and
leakage at an estimated cost of 10 2.4 million (WAJ 1988). The savings in reduced expenses
and the water itsclf from these actions is estimated to exceed JD 15 million. In addition,
nearly JO 60 million are ~o be spent on water supply projects over the next several years,
largeiy financed by donor funding (see table on previous page).

There are also opportunities to conduct feasibility studies to employ pressure
reduction where long water lines lead down steep slopes, and to use evaporation suppression
technil~ues in wlnerable areas. Candidates for evaporative closures include pipe connections
from King Talal Reservoir with both As-Samra and the Jordan Valley facilities.

The private sector (primarily consulting firms) can also offer water conservation
sen'icea in watershed management. This typically involves planning and administrative
functions such as zoning, building regulations, land use planning and sitings of waste
management facilities, but also pertains to such activities as land purchases for direct control
of access to water courses, and afforestation or revegetation around waterways. .

f
Finally, with the price and demand for freshwater expected to continue to rise, a

potentially lucrative opportunity for local manufacturers and suppliers of rainfall capturing
systems will be rooftop collection devices and storage tanks.

Demand Management

Onc= way to reduce water demand is through reuse, usually for an application
i't~quiring a lower quality of water than did the original. In most cases, reuse requires some
treatment or preparation.

The t.otal efl1uent from treatment plants is expected to increaae to 66 MCM/yr
annually by th: year 2000 and twice that level by 2015, making large volumes of water
available for :c:use, given sufficient treatment. The current end use of most of this treated
wastewater is farming in the Jordan Valley. However, the high fecal coliform concentration
(2S,OOO/I00ml) prevents the direct reuse of wastewater for most food crops. Treatment
plants must be upgraded if the eftluent is to be reused. Most wastewater reuse by agriculture
involves either direct application, or groundwater recharge and extraction from wells.

In Zai. a water purification plant treats the water pumped from the King Abdullah canal which
supplies greater Amman. The plan employs filtration, sedimentation. coagulation, chlorination, and
activated carbon techniques. The capacity ofthe plan is around 125 MCMlyr, but ~t uses an
average of only about one-tenth of that. Costs could easily be saved by improving overall water
management. The lai system can deliver water at a rate of 169 fils per cubic meter (operation and
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maintenance costs), compared to domestic groundwater delivered to Amman at 229 fils per cubic
meter. Astudy by CH2M·HIIl (1989) allrlbuted Inadequate meter reading, rcvenue collection, and
similar drawbacks to the absencc of management Information systems. This casc teprcscnts one of
many opportunitlcs for private sector managcmcnt and Information systcm consulting firms.

Urban reUfle is currently limited in the residential and commercial areas. Extensive
l~se of grey water is unlikely among residences unless separate plumbing systems are
constructed for septic and non-septic wastewater in homes, which most likely entails
prohibitively high construction costs. Water saving devices and equipment have significant
potential for reducing water use and increasing water availability. In homes, hospitals,
hotels, schools, and other facilities, the main potentia' for water savings is in bathrooms and
kitchens. About half the 553,00Q toilets in Jordan are flush units, over 70 percent of which
are supplied by the Jordan Ceramics Company. The average toilet currently uses 10 liters
per flush. Importers, aware of the market potential of water saving toilets, are promoting
toilets that use 5-7 liters per flush. The Ceramics Company is testing a model that uses 5-6
liters per flush. Older models can be outfitted with water-saving devices.

Replacing faucets and shower heads with new models that restrict flow can also save
water and open opportunities for private manufacturers and faucet suppliers. Jordan has an
estimated 500,000 bathtubs or showers, and over 2 million faucets. The public cost of
replacing all units has been estimated at JD 45 million.

Irrigation water represents about 73 percent of total water consumption, which is
mainly used to irrigate Jordan Valley agricultural lands, in addition to farms with their own
wells. Simple water filtration is employed here. Significant water savings are also possible
in agriculture through devices that deliver water more efficiently and avoid evaporation, such
as drip irrigation, which is cUlTently used on nearly 60 percent of Jordan's farmland.
Substitutions of less water-intensive crops also can save considerable water. In short, there
is potential for private sector suppliers of non-water intensive seeds as well as water
conserving irrigation systems.

Some households also require filtration units to filter municipal supplies, or local well
and surface extraction. The total expected market size of household water filter units has
b~en estimated at about 55,000 units. The market size for replacement cartridges is three
times this figure (165,000 units/year).

Finally, water savings are possible in the industrial sector. In terms of equivalent
production units, Jordanian operations require 2.76 times more water than U.S. firms-l.71
times more to tan leather, and 1.26 times more to produce beer. In many cases water use
could be reduced to below U.S. levels by employing water conservation and recycling
techniques and equipment. This market is discussed in the section on industrial wastewater
treatment and prevention and process materials reuse.
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Clients and Ownership

Municipalities and various GOJ agencies, particularly the Water Authority of Jordan,
would be the &10st likely clients for water supply management services and equipment.

Not all people who are aware of water quality can afford water treatment, but with
government subsidies andlor higher water charges, small industry, hospitals, medical labs,
commercial firms, and domestic dwellings are potential clients for water demand
management services and equipment.

Jordan has about 2,300 manufacturing plants, of which an estimated 500 are
candidates for water reuse and conservation equipment and services. Most of these are in the
private sector.

A large percentage of the agricultural entel. 'ises in the Jordan Valley and the uplands
have yet to convert from basin, furrow, and sprinkler irrigation to drip irrigation.

Supply and Competition

As industry becomes more aware of the benefits of water conservation techniques,
new businesses have been emerging. However, competition among Jordanian businesses is
still only moderate.

The number of new businesses entering the water filter market has increased with
demand in recent years. Prices of water filters have fallen by one-third compared with the
l"rires two years ago, and imports of household wa~er filters increased by m~re than 50
percent in 1991 over 1990; a similar increase was expected for 1992.

The United States has the most competitive suppliers of household water filter
systems, followed by Italy. The most competitive suppliers of water purification equipment
for agricultural use are Gennany, the United States, and Italy.

Several private sector companies are supplying water treatment equipment and
systems. Most of them ar.e 20 to 30 years old. Gennan suppliers tend to be the most
aggressive in marketing.

In Wadi el Arab, which supplies Irbid with drinking water, the produced water is
purified by cascading coagulation, sedimentation, and chlorination. All over the country
small purification plants for industrial & ..~ ~rivate use are using reverse osmosis, filtration,
coagulation, and ion exchange units. Jordan has severallong-estatlished drip irrigation
manufacturing plants.
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Market Entry Strategies and Barriers

The private sector can be active in marketing and supplying and installing water
conservation equipment in the residential, commercial, agricultural, and industrial sectors.
Water prices can act as powerful incentives for water conservation, especially where prices
are minimally subsidized and market driven. Changes in the present structures of both the
Jordan Valley Authority and the Water Authority of Jordan to reduce their high government
subsidization and subject them more to market forces would spawn the growth of related
private sector businesses. Such a move would also alleviate cost recovery problems and
provide incentives for farmers to adopt water-conserving equipment and crop choices.

Local businesses will be able to manufacture items of low to medium technological
sophistication such as cartridges, while high technology equipment will have to be imported.
Some of the best possibilities for Jordanian firms are assembling filtration equipment, water
pumps, and diesel enginer, and manufacturing cast iron parts. Opportunities will also
emerge for local companies that can maintain and repair water delivery systems. In some
cases, foreign technologies such as valves and flow meters could be required. U.S.
consultants/manufacturers should consider helping to establish m2lflufacturing centers in
Jordan.

Strategies for business development in water conservation include acquiring systems
and equipment covering the range of sectors being serviced, launching a comprehensive
marketing scheme, and training technicians to install and service the equipment.

The potential is good for local manufacturers to produce filter cartridges to meet the
growing market demand currently filled largely by foreign suppliers. The technology
employed is relatively ~imple and the cost of entry, moderate. All the raw materials for such
filters are available in ":-;;m. However, the basic technology of the industry is not
available. Foreign/local joim ~",;ntures would be preferred.

Barriers to entering the water conservation market include limited public awareness of
the seriousness of the water scarcity, high cost of entry, and the lack of water conservation
legislation. In addition, subsidies artificiaHy decrease the cost of water to consumers.
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The current market for environmental monitoring and testing
equipment is quite limited. However, as the GOJ bec:omes
more active in pollution prevention and control, a malrket for
basic and sophisticated environmental testing equipment is
expected to emerge. The largest market segment in this area
will be for equipment and services to test and analyze water
and liquids. Smaller markets are expected to develop nn the

agricultural and food areas, especially in pesticide residues aud solid and hazardous wastes.
Measurement and continuous monitoring of energy use is an established and growing field.
All environmental monitoring and testing markets will be small, however, because the
Jordanian economy is relatively small.

The National Environment Strategy for Jordan prepared in August 1991 pays little
attention to environmental monitoring and testing. A number of government agencies and
other groups have quantity and quality monitoring programs for water, but air and land
quality monitoring is limited. Jordan has no national environmental quality monitoring plan,
and the market for sampling and measurement equipment and services will not. significantly
expand until this area receives more attention.

A number of water monitoring programs are ongoing. The Marine Sciences Station
has been monitoring marine waters since 1986. In addition, in 1989 and 1990 the Aqaba
Region Authority, ~ogether with the Royal Scientific Society, implemented an environmental
monitoring system. The project monitored water quality of consumable water, sea water,
treated wastewater, irrigation run-off, and cooling water, to determine suitability of treatment
plant effluent and palm forest irrigation runoff for various agricultural uses. The Ministry of
Water and Irrigation, the Jordan Water Authority, and the Jordan Valley Authority have
major water quantity and quality monitoring activities.

An emerging area will be for agricultural products shipped to the European Economic
Community and other Western markets, which will require pesticide residue certificates. As
towns and industries build and maintain wastewater treatment systems, as solid and
hazardous waste volumes increase, and as the GOl becomes more involved in managing and
protecting the environment, awareness of the need for testing and monitoring will increase.

Products and Services

Environmental testing equipment and services apply to air, water, and solids including
resources, raw materials, food products, and wastes. Sampling equipment is required to
extract samples, and testing equipment to determine the nature of the samples. The range of
sampling and analysis venues requires analysis both on-site and in a remo':ed laboratory.
The equipment for both requirements is widely available and directly related to the much
larger field of medical analysis.

Skilled laboratory technicians and properly equipped laboratories are required to do
testing and analysis. The medical and university teaching and research fields in 10rdan
probably already have equipment similar to that required for environmental sampling and
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analysis. Thus, there is already an infrastructure to supply and service this market. The
equipment and services required for environmental sampling and analysis is, if anything,
simpler and mostly less precise than that already available in Jordan. The one criterion
which this field does not share with the medical and education-related equipment is the
portability and robustness needed for on-site and out-of-doors sampling and analysis.

Many proven general spectrum environmental sampling and analysis systems are for
sale that handle water, air, or solid samples. This equipment can be imported from many
countries and sales and service should be routine because it is so similar to analytical
equipment already used and marketed in the country.

The overall opportunities in environmental monitoring and testing are rated on the
table below:

En\' in)!l nl~n tal Mpn it ori ng a Ild J~~st ing

Clients

TYPE or
BUSINESS

TESTING AND
ANALYSIS
SERVICES

TESTING AND
ANALYSIS

BQUIPMENT

o
o

o 0 (II

()O()

O-Low
<I- Medium

.-W.b

As the market for environmental testing and analysis equipment grows, it is likely to
include government agencies, industry, educational institutions, existing and new
laboratories, and possibly consulting and engineering companies. The three segments of this
market which appear most attractive are industries, consulting companies/laboratories, and
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the government. Industries are already beginning to develop pollution prevention materials
and waste recycling and treatment programs. These developments raise the need for
measurement and monitoring equipment. The government is expanding its monitoring and
enforcement programs. For industries and others to comply with environmental
requirements, consultants will be needed.

Demand

The early clients identified above will require equipment for their own sampling
analysis activities; technical assistance and services from others to routinely sample and
analyze water, air, and solid samples; and substantial repair and maintenance services for all
owners of sampling and analysis equipment. Training of samplers, analytical equipment, and
repair and maintenance personnel will also be needed.

Research financed by local or foreign institutions is rare, but has the potential to
de\'elop as research institutions in Jordan undertake joint endeavors with foreign institutions.
Research areas needing testing and analysis equipment which are expected. to expand include
water-soil-plant interactions, water use efficiency, advanced irrigation techniques, wastewater
treannent and reuse, evaluation of groundwater resources, brackish water use in irrigation,
brackish water treatment, desalination by using solar energy, water harvesting and artificial
groundwater recharge, recycling of industrial water, and integrated environmental assessment
of water projects.

The Government of Jordan represented by the Ministry of Planning and the Higher
Council of Science and Technology has financed studies and research in the last decade in the
following areas: wastewater treatment, wastewater qualities and reuse, qualities of surface
and groundwater curative waters, and groundwater artificial recharge.

The amounts allocated for studies and research are surprisingly low and do not cover
the needs, but research is still cheapest at universities, because they pay their own salaries
and overheads.

Industries are beginning to require more raw materials analysis capacity. Since water
is a major input to industrial processing, the need is growing for more sophisticated water
analysis. Wastewater sampling and analysis by industry, municipalities, and the government
is also becoming more common.

Supply

The Royal Scientific Society and the Water Authority of Jordan have laboratories for
analyses and quality control but have not developed the capability to support extensive
sampling, monitoring, and analysis. Even the best equipped laboratories in the government
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or at the University of Jordan are not able to analyze cenain imponant pollution parameters
in liquid, atmospheric, and solid samples. For example, existing laboratories lack adequate
microbiological testing and the ability to handle in situ analysis of solid and hazardous
wastes. The Ministry of Water and Irrigation does not operate laboratories of sufficient
capacity in areas other than Amman. All analyses beyond the simplest tests have to be
performed in Amman. Other laboratories, especially in the health field, could provide
analysis to satisfy some needs in the water and wastewater fields. However, there is almost
no capability to analyze air and solid samples.

Technical staffs in laboratories are adequate to perform the current level of testing.
However, additional training is needed. Foreign consulting companies in joint ventures with
local consultants generally carry out complex studies on pollutant fate and concentrations.

Competition

Laboratories for environmental quality control and studies have been established in
several agencies. The best equipped laboratories are in the Ministry of Water and Irrigation,
the Ministry of Health, the University of Jordan, the Royal Scientific Society, and the
Ministry of Agriculture. The other laboratories are very limited in capacity. Because most
laboratories are government-owned or supported by major public institutions, private
laboratories will have difficulty competing with them. Yet, these capabilities have proven
inadequate to meet even existing demand in some areas.

Equipment supply is limited to agents and sales operations. No major sampling or
analytical equipment is manufactured in Jordan. The agricultural sector has a limited
network of irrigation water, crop, and soil analysis equipment suppliers. A more robust
network of equipment supply and service also exists for the medical analysis equipment field.

Strategies for Market Entry

Teaming with existing education, and research entities and tracking donor agency
funding in this area comprise one approach to the sampling and analysis service market.
Another strategy involves offering training and information seminars to potential clients. A
third is to build on the existing medical, energy conservation, and agricultural sampling and
analysis base. Firms that now supply services or equipment to these markets could begin to
sell to environmental clients. A fourth way would be to specialize in an area such as solids
(wastes, soil, raw materials and products). Because the market in Jordan is small, only a
few new ventures are needed. The analytical equipment manufacturing capability is limited,
so, a broad-based foreign service provider and an equipment manufacturer could each
establish a local presence to exploit the growing demand for services and products. The
market might support more than one such venture. In both cases it would be useful to
utilize or joint venture with existing Jordanian private sector capability.
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Growing needs for municipal solid waste collection and
disposal coupled with GOJ moves to privatize some
government services will create opportunities for
Jordanian waste collection businesses. The best
opponunities for U.S. firms will lie in the sale of heavy
equipment, such as collection trocks and bulldozers, while
local firms will have a competitive advantage in the
supply of small, unsophisticated equipment and all

services related to the collection and disposal of municipal solid waste.

U.S. expertise may also be consulted in landfill management. Jordan's large arid
areas are poorly suited for agriculture or habitation. Landfilling is therefore considered the
most appropriate means of municipal solid waste disposal. However, it must be emphasized
that sanitary landfill technologies do not seem to be employed at present.

Markets for firms that provide flervices or equipment to collect and dispose of
hazardous wastes are expected to emerge in the next few years. However, laws pertaining to
the handling and disposal of hazardous waste have yet to be developed. At present, water
and health laws partially cover some aspects of disposal. No hazardous waste disposal
facilities exist in Jordan, although a cooperative industry/government venture has been
negotiated for which fund raising is under way.

The increasing scarcity of ground and surface water supplies will encourage GOJ
action to prevent aquifer contamination resulting from improper disposal of hazardous waste.
U.S. companies will have the advantage in supplying highly sophisticated disposal and
incineration equipment, although the market for such equipment is expected to be limited as
Jordanian industries will prefer low-cost options. An exception might be found in projects
financed by the United States or U.S.-backed donor agencies and multilateral lending
agencies.

The Prime Minister of Jordan established a clearing committee in 1987 to develop a
comprehensive waste management policy. This committee recommended creating a central
department responsible for solid waste management, construction of recycling facilities, and
use of biodegradable materials, along with the passage of solid waste legislation. In addition,
a committee has been formed representing the municipalities, the Health Ministry, the Water
Authority, the Royal Scientific Society, and the Natural Resources Authority to address
hazardous waste problems. The committee chose a location east of Amman for dumping
hazardous chemical waste.

In 1989 the GOJ joined the Basel Con'v ltion which controls the trans-boundary
introduction of hazardous waste. The Gulf of Aqaba lacks the necessary installations to treat
ballast water of ships, particularly oil tankers, but such treatment is especially important in
the ecologically sensitive gulf.
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Business Activities
and Opportunities in the Environment

Products and Services

Transport vehicles, waste movement equipment, collection services, and disposal
services and equipment constitute the major products and services market for municipal solid
waste. The waste may also be burned (sometimes as a fuel source) in incinerating units.
Organic waste may be composted in containers that control drainage and aeration, and may
have mechanically turned decomposition. Maulers are sometimes used to reduce the volume
of non-compactable waste. Landfill covers can be used to increase landfill capacity by
replacing dirt, in addition to suppressing vapors, odors, and disease vectors.

The fonns of hazardous waste treatment include incineration in kilns, engineered
landfills (a variety of lining methods can be used to prevent seepage), chemical fixation, the
reuse of high-energy potential wastes (oils, solvents, paint sludge, organic compounds,
pesticides, etc.) as a fuel source as in cement or lime kilns, and bioremediation, which can
be used for wastes containing low and medium concentrations of hazardous organic matter.
The transport of hazardous waste can require vehicles especially designed for hazardous
waste transport when safety is a concern.

The opportunities in municipal solid and hazardous waste collection and disposal are
rated on the table below.
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Business Activities
and Opportunities in the Environment

Clients and Ownership

Even if municipal waste collection and operation of disposal facilities are handed over
to the private sectOl; the main purchasers of composters and landfilling equipment will likely
be government agencies and municipalities.

Environmental regulations for industrial solid and hazardous waste disposal are
expected to become more stringent over the next several years, but to what degree is
uncertain. Ultimatel)( both private and public sector industries will require disposal and
treatment equipment and services. Hospitals could also become buyers of waste incineration
equipment, once such regulations are implemented.

Demand and Market Size

Jordan has approximately 140 municipalities, cities, and villages. Twelve currently
oper.ate landfills, seven of which serve more than one city. Municipalities not served by
landfills allow open dumping or burning. Over 90 percent of the population has access to
sanitation services in both rural and urban areas. Jordan's growing populution coupled with
steady migration to urban areas will assure the demand for municipal solid waste removal
equipment and services. (Currently, 97 percent of the population is concentrated in a 31
mile corridor east of the Jordan River.) An estimated 1,200 tons of solid waste is generated
daily in Greater Amman. The average individual production of domestic waste in Amman
was 0.46 kg/day in 1979, 0.72 kg/day in 1984, and to 0.84 kg/day in 1986.

Although the Municipality of Greater Amman pays about JD 4 million for collection
services in Amman, it cannot meet the: full demand for the collection and disposal of
municipal solid waste. Privatization of collection services is a probable in the near future,
and will open opportunities for local contractors. As solid waste collection represents a new
type of business for the private sector, contractors are expected to be conservative in pricing
policies at the beginning but more competitive over time.

With no adequate regulations, hazardous waste is dumped in unappraised sites, with
little regard for potential contamination. The main sources of industrial solid and hazardolls
waste in Jordan are as follows:

• Hospitals
• Thennal industrial treatments
• Pharmaceutical industry
• Used mineral oils
• Paint residuals
• Metal waste containing copper compounds, zinc, cadmiun, mercury, and lead
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The following table shows disposal measures currently employed for some typical
wastes.

M~or Industrial Solid Wastes and Present Disposal Measures

Industrial engineering

Construction

Wood and furniture

Tanning industry

Shoes

Food

Chemical and medical

Paper

Metal, electrical Metals are collected in containers and sent to
be recycled; plastic and electrical waste is
collected in plastic bags and burned

Concrete and other buHding Dumping at various sites
materials

Fibers and sawdust Sawdust is collected and sold; fibers and
textiles are collected and burned or sold

Solvents and other chemical Treated in waste treatment plant
residuals

Natural and other leather, Collected and burned or dumped
threads, paper and cardboard

Food waste, plastic, paper Collected in bags and burned or dumped
and metal

Chemical and organic waste, Solid wastes are burned, dumped or sold
paper, plastic, glass

Paper and plastic waste Burned or recycled

Supply and Competition

At present, municipalities collect and dispose of municipal solid waste. In recent
years, several sites have been closed. They generally dump wastes in an open site outside
municipal boundaries and allow them to bum. With the humidity ratio reaching 70 percent
in the domestic refuse, the burning process is incomplete, especially during winter.

The table on the next page gives the typical composition of domestic waste in 1986.
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Organic matter 49%

Paper and cardboard 26%

Glass 3%

Metals 3%

Plastic 12%

Other 7%

Source: Energy Management Services, Jordan, 1992.

Few if any companies provide safe disposal and treatment of hazardous waste. The
potential for joint ventures between U.S. and Jordanian firms in treatment plants could be
significant once comprehensive regulations for disposing of hazardous waste are established
and enforced.

Market Entry Strategies and Barriers

Legislative and bureaucratic barriers prevent the private sector from entering the
business of municipal waste collection and disposal. In addition, regulation and enforcement
is often relaxed for government-owned facilities. To contract collection services to the
private sector, GOJ regulations will need to be revised to ensure a clear billing and payment
structure, giving private collection services confidence in their returns. A scheme has been
suggested involving the GOJ by which the contractor could use available machinery and
receive free consulting services and TV and radio time to educate the public about solid
waste collection. Costs of entry in the municipal waste collection and disposal market are
relatively low; transport vehicles and labor are the primary needs.

Businesses wishing to enter the market for incineration and engineered landfills. to
dispose of hazardous waste will encounter relatively high costs since both require
sophisticated technology. To operate and manage hazardous waste facilities also requires
significant training.

U.S. equipment and machinery could be used to collect and dispose of municipal
waste, as well as to handle, incinerate, or dispose of hazardous waste. U.S. firms could
increase their competitiveness by offering financing at low interest rates.
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Huge amounts of motor oils are spilled daily over Jordan,
contaminating the soil, surface water, and groundwater. Even
when this oil is discharged into the sewage system, treatment
plants in Jordan do little to diminish the toxicity or
environmental degradation. Major users and collectors of
these oils include larp,e fleet operators such as the government
institutions, the military, police, municipal transportation,

airports and the Royal Jordanian Airline, service stations, and garages.

Collecting and re-refining mineral oil is a feasible business which is practiced in many
developed and developing countries. The residue from the refining process could be used as
a soil stabilizer in road construction.

Many domestic solid wastes are recycled in different stages of management. For
example, soft drink bottles are reused after consumption (S8 percent of bottles are returned).
Old newspapers are returned and recycled, and cans are used for several purposes. Almost
half the 150-160 million cans that Jordanians use annually are used in Amman.

Recently some industries have started to recycle solid waste such as paper, cardboard,
plastic, and glass. As a pilot case, the Jordan Paper and Cardboard Manufacturing Company
collects and recycles paper and cardboard. Approximately 8,000 tons of paper is recycled
each year. In the last two years the company has distributed containers to several collection
sites; a contractor and some individuals have collected and transported paper to the company.

Jordan has made tremendous efforts and achieved progress in agricultural
development. ThiG is due to fanners' awareness of the role of agriculture in supporting and
strengthening the national economy, which has led to the introduction of new technologies in
agriculture. Some of these methods present problems which will be reviewed in detail
below.

Plastic is used in agriculture in many ways (e.g., plastic greenhouses and agriculture
irrigation systems). Jordan consumes around 50,000 tons of plastic annually, of which
20,000 tons are for plastic houses. The Five Year Plan for 1986-1990 estimated that 60,000
dunums will be served by water irrigation systems in the early 199Os.

Accurate figures about the present situation are not available but indications point to
increased demand for plastic products, which means that plastic waste will accumulate and
hurt the environment.
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The main types of plastic used in agriculture arc::

• Low density polyethylene, mainly used in "protected" agriculture and plastic
greenhouses. (The most common type of plastic waste in Jordan, around 8,000
tons of it accumulate yearly).

• Polystyrene, used to wrap vegetable and fruit. Annual demand for this plastic is
around 3,000 tons/year.

• PE and PVC irrigation pipes.

The~e plastics have cerr impacts on the environment, mainly as follows:

• They are aesthetically displeasing.

• They dite~tly threaten animal life because animals cannot utilize them (and they
can cause suffocation and death).

• When buried, they prevent soil from aerating and water from percolating into the
soil.

• They clog irrigation tunnels and shut down systems.

Plastic and oil pollution is a serious problem; a key solution is recycling and
increasing awareness of the environmental impact of present practices and the value of oil
and pl9.3tics recycling.

Pruducts and Services

The main types of solid waste in urban areas are household, commercial, industrial,
street, and. construction wastes. Of potential value in this waste stream are organic wastes,
plastics, rubber, motor oil, cooking oil, household batteries, metals, and any item that can
have value added for resale to consumers, such as used shoes, or to industries, such as
plastic and glass.

Separation, the first step in the extraction of recycled materials from municipal waste,
can be accomplished manuaily or by automation. Most of the limited separation of municipal
solid refuse in Jordan is done by hand. The following table lists needs for technology and
equipment to recycle various wastes.
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Plastic

Cooking and motor oil

Metal

Sorting, cutting, washing, granulating, and molding

Sieving and dehydrating devices

Hammer m.iIIs and ball mills for shredding and grinding

Glass

Rubber

Sevarators, washing tubs, batching equipment,
furnaces, annealing equipment, molding and shaping
machineryt-----------t-------------------f
Tire resurfllcing and retreading, pressing, shredding,
firing, craclldng, injection and extrusion molding

Paper and wood Shreddrrs, pulpers, wood hoggers, repulping tubs,
dewatering presses, and fiber balers
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To collect and recycle oils requires investment in collection tankl:rs; storage tanks;
filtration, re-refining and repackaging equipment, and redistribution tankers. Also needed is
the ultimate disposal of the residues from filtration and re-refining. The re-refined oil could
be used as a lubricant or as a fuel. The first reuse has the highest value, but only a portion of
the lubrication oil collected can be re-refined and upgraded to meet the quality standards
necessary for it to again serve as a lubricant. Motor and lubrication oil in Jordan is often used
longer than recommended and by the time it is changed or replaced, it has deteriorated
significantly. This common overuse makes the re-refining and upgrading process very costly.
Thus, the main use for waste aU would be as a high BTU fuel additive in industrial and
commercial boilers. It can also be used in incinerators and other combustion processes.
Supply segments such as aviation oU, motor oil from well maintained fleets, and lubricating
oil from selected industrial processe~1 can be re-refined and recycled economically as
lubricating oil.

The opportunities in waste recycling and associated businesses are rated on the table on
the next page.

Clients

Glass coll&:tors sell their waste glass to recyclers and processors, who clean, recycle,
and reprocess glass into new products. At present Jordan has no major glass recycler. The
only flat glass factory is in Ma'an. The only clients for waste and recycled glass are bottlers
who have the capacity to clean and handle recycled glass containers, and small specialty glass
makers. Until there is a major glass products maker or a major flat glass manufacturer, the
market for recycled glass will not be lar~e. To stimulate the use of waste and recycled glass,
the military could undenake some of 'j;;se manufacturing ventures. It has both the personnel
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al;tion by the government or a major, unprecedented private investment to si~nificantly

al:celerate glass or plastic recycling.

.' Waste l~el)'(~ling and {Associ
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Demand and Market Size

Glass recyclers are ready to buy many times more than what is offered. At current
prices for finished metal, metal recyclers and traders are ready to buy many times more scrap
than is offered. There is already a small but reportedly profitable scrap metals market.

Demand for waste glass is increasing, but still limited. Collectors' profits are limited
but apparently reasonable. In-house recyclers in business report it is very profitable.

Recyclers, especially the large National Paperboard Company, would buy many times
more than they receive, because it is more economical than importing paper pulp. At current
prices, demand is many times higher than supply, however. Recyclers should increase their
buying pricel\ to increase supply.

Some waste oil is recycled, especially in selected industries and by independent
collectors who buy it for resale as a combustion fuel supplement. Since this industry is not
highly organized, it appears that new and more efficient businesses could enter the market.
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Supply and Competition

Metal recycling and processing are mature technologies that have been employed
successfully in Jordan for many years. Collectors of metals like iron, aluminum, copper,
brass, and lead sell them to recyclers and scrap traders. Iron and aluminum are recycled and
remanufactured, while the rest of the metals are sold to scrap traders who export them.

Plastics collectors sell their plastic wastes to processors, who in turn clean and recycle
them into packing products for non-food goods. The supply of plastics is limited, so plastics
recyclers should raise the buying price to encourage more collection and to increase the
number of collectors. The quantity collected is very small compared with the potential.

To expand the markets described above will require extensive publicity and public
education about the value of recycling and reuse, and a substantial investment by the
government or the private sector in an industry that uses major amounts of waste and recycled
products.

Paper and cardboard are the only major recycled or reused products in Jordan. The
industry is considering expanding its paper board manufacturing but may have to go to Europe
to get sufficient stock. Europe has an oversupply of recycled paper, and the plant in Jordan
could obtain free, bailed recycled paper and cardboard at ports in Italy and Germany if it paid
for loading and shipping.

Market Entry Strategies and Barriers

For collectors, the costs of market entry are limited to collection equipment. For
recyclers, the costs are greater and include recycling equipment and process materials.

Consulting firms could perform technical and feasibility studies for small oil re
refining plants, while joint local and U.S. consultants could do the studies for medium and
large plants.

Currently there is no enforcement of legislation to drive the market for waste oil
recycling. Small-scale fe-refining of used oils could become widespread, first in Amman, and
then throughout Jordan. American equipment suppliers could have good opportunities,
particularly in small portable re-refining units. U.S. companie:; a.re advised to join local
partners for consulting and/or supply of equipment and plants, because the business will
continuously expand, especiaUy for small units.
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Several agriculturally related small-scale businesses are
particularly suited for the Jordanian context. These are
primarily opportunities for small, locally owned businesses,
although in some cases U.S. expertise might be needed.

One such opporturtity is the tr.eatment of manure to produce
fertilizer. Small specialized contr'acting businesses could

design and construct digesters. U.S. companies could supply a fe!w high-tech digesters
suitable for large animal farms.

Blood from slaughterhouses can be separated from other animal waste and sold to
animal feed producers.

The use of animal bones to produce gelatin products ranging from pharmaceuticals to
explosiv~s would not only create small businesses, but would reduce the amount of waste from
livestock cultivation.

Two additio....al opportunities relate to Jordan's large phosphate mining industry.
Phosphates from the Jordan Phosphate Mines Company in Shidiya are tmnsported to its
fertilizer manufacturing plant in Aqaba by truck, which is costly and dam&lging to the
environment. A pipeline has been considered to transport slurry phosphate (a phosphate and
water mix), as is common in the United States and other countries. Another possibility is to
use the phospho-gypsum by-product of the fertilizer-producing plants as a m&lterial to
manufacture blocks for construction.

Products and Services

Livestock fanns produce a continuous supply of manure, which is considered a
concentrated solid pollutant and a potential source of disease and odor. Disposal of animal
manure can be a problem for farm owners. Low-tech, low-cost digesters (fermenters) can be
employed to treat dung, producing a hygienic all-purpose fertilizer. The cost of such a
fermenter in Jordan has been estimated at about JD 1,500 for a small poultry farm of about
6,000 chickens. In some cases it may even be cost effective to capture methane gas produced
in the fermentation chamber.

Slaughterhouses generate a steady supply of large volumes of blood. Blood is
separated from other slaughterhouse waste and prepared for resale to animal feed producers.

Animal bones are another potentially valuable animal by-product. They can be
processed to produce gelatin for use in several industries, including pharmaceuticals and
explosives.
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Equipment, engineering, and construction expertise would be required to install a
pipeline to transport phosphorous slurry.

Phospho-gypsum, a by-product of fertilizer production from phosphate, can be used to
manufacture building blocks and to make the desert soil in southern Jordan more suitable for
agriculture.

The opportunities in agriCUltural waste recycling are rated in the table below.

Agricult ural \Vaste
Recycling

TYPE OF
BUSINESS
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Clients and Ownership

Hundreds of livestock farms in Jordan would buy small manure-digester units. Large
scale farms need larger, more sophisticated equipment. The farming industry is part of the
private sector.

Animal feed production plants would buy blood from slaughterhouses.
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Private sector explosives, phannaceutical, food, and other industries that import gelatin
supplies would be clients for new local gelatin producers.

The client base for phosphate blocks consists of domestic and possibly neighboring
country construction industries and developers.

Although the Jordanian Phosphate Mines Company is more than 50 percent
government owned, it is expected to be completely privatized within the next five years.

Demand and Market Size

The hundreds of animal farms in Jordan could contribute to a substantial demand for
manure digesters. The fertilizer produced would find a good market.

Small quantities of blood and organic-laden water are given to local blood meal
makers. By better separating blood during chicken, sheep, and cattle processing, the
slaughterhouse could market blood to animal feed makers. In addition, all the sheep and cattle
hides which can be recycled are sold to the leather tanning plant in Amman. Many are not in
good enough shape to be used, but represent a raw material for local use.

The market size for gelatin produced from animal waste is significant in Jordan.
Gelatin should be competitive as it is produced from raw material that is available free.

Jordan Phosphate Mines Company trucks 1 million tons of phosphates yearly from
Shidiya to its fertilizer manufacturing plant in Aqaba. (This figure will be 1.7 MCM/year by
1994.) This is costly and detrimental to the environment and too few transporters are
available. In the United States, phosphates are transported by pipe in the form of slurry.

The market for building blocks is growing along with Jordan's population boom.
Aqaba is expanding port activities and establishing a new industrial free zone. Demand for
building blocks and arable lands will continue, as Aqaba expands and its population grows.

Phospho-gypsum could also be used to increase the cohesiveness of the desert soil and
decrease salinity in the south and southeast of Jordan to improve land for agriculture. This
would require a government awareness program at the very least, and· preferably an
appropriate incentive program.

Supply and Competition

Currently, organic fertilizer must be imported to Jordan. The proposed manure
digesters will produce a hygienic organic fertilizer which will reduce the need for some of the
imported organic fertilizers.
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The Amman slaughterhouse is the largest of approximately 15
in the kingdom. Except for the ones in Zarqa, Salt, and Aqaba,
they are small. The Amman slaughterhouse on an average day
handles 100-150 cattle, 1,000-2,000 sheep, and 20,000-30,000
chickens. It also handles 20-30 camels during the year.

Gelatin is not currently manufachlred in significant quantities in
Jordan (if at all) and must be imported to satisfy demand.

While a handful of Jordanian firms could supply the required engineering and design of
a phosphate slurry pipeline, much of the technology and equipment will have to come from the
United States or other countries experienced in this area.

The fertilizer manufacturing plants in Aqaba (owned by Jordan Phosphate Mines Co.)
produce 1 million tons/year of phospho-gypsum as a by-product of fertilizer manufacture,
which has been accumulating in large piles and could be used to manufacture building bricks.

Market Entry Strategies and Barriers

Farms usually lack the financial capability to buy even a low-cost digester, so low-cost,
long-term interest rate financing is required. Later, the fanner might benefit from a reduced
use of veterinary medicines and savings on soil fertilizers. Another barrier to entry is the lack
of proper legislation and enforcement addressing disposal of manure.

Gelatin production has the potential to be profitable as the raw materials are found
locally and manufacturing costs in Jordan are competitive. Entry costs are high. as
moderately sophisticated technology is required, particularly for high-grade gelatin for the
phannaceutical industry.

Engineering companies interested in working on a pipeline for the Jordan Phosphate
Mines Company might consider undertaking a pro-bono feasibility study to detennine its
feasibility and cost-effectiveness.

Cost of entry for producing phosphogypsum blocks is moderate and the technologies
are relatively unsophisticated. Low-interest-rate, long-tenn loans could be an excellent
incentive for such a big project. Uncertainty and unawareness of the possibilities are major
barriers to market entry. However, suggestions could be addressed to Jordan Phosphate
Mines Co. Financing a study would encourage the company to engage in these projects.
Current regulations do not encourage the development of this market. U.S. and local
consultants could jointly supply consulting services.
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Mobile source air pollution originates in the transportation sector. Stationary air
pollution stems primarily from industrial activities and thermal power plants. Public
awareness of air pollution is not strong in Jordan, and the market is limited to a few activities
that have the potential to be expanded and supplemented. Jordan lacks comprehensive laws on
air pollution, so interest in stemming air pollution is limited.

Transportation is the largest single sector energy consumer of at 1,10 million TOE,
accounting for 43.9 percent of the kingdom's total energy consumption. Most means of
transportation in Jordan use refined petroleum products as a source of energy. Registered
vehicles in Jordan numbered 24,000 in 1970, a figure that has increased 10.5 times in the last
two decades, reaching 254,000 in 1990. About 60,500 of those vehicl~s use diesel oil and the
rest, leaded gasoline. In 1987,435 million liters of gasoline, 888 million liters of diesel oil,
and 176 million liters of kerosene were consumed. It is estimated that the quantity of
transportation emissions was about 19 million tons in 1990.

About 70 percent of commuters in Greater Amman use "service" cars (taxis); 20
percent use public buses; and only 10 percent use their own cars. More fuel-efficient fonns of
transportation would reduce fuel used per passenger mile, and decrease the amount of exhaust
produced.

The best opportunities for suppliers of products and services related to stemming
mobile source air pollution lie with local Jordanian businesses. Potential areas for growth
include engine tune-up programs and manufacture of mufflers to supply domestic as well as
other Near Eastern markets. U.S. manufacturers could supply sophisticated analyzing
equipment. In the long mn, opportunities could arise for U.S. engineering finns and
equipment suppliers to construct public transportation systems. An opportunity for small local
businesses lies in manufacturing canopies to cover trucks that transport potash, which pollutes
the air.

Point source air pollution in Jordan stems from industrial and commercial activities as
well as thermal power plants. The best prospects for U.S. air pollution control equipment and
consulting finns lie in large-scale industries (see table in clients and ownership section). The
local finns will be better equipped to provide services to small and medium-sized industries,
but the GOJ must first make a commitment to increase enforcement of regulations for small
polluters.

Products and Services

The equipment associated. with stemming vehicle air pollution includes vehicle tune-up
equipment, exhaust analyzers, and catalytic converters. Alternative fuels can also reduce
vehicle pollutant emissions. Technical consulting services can be useful in detennining
optimal traffic flows and modeling air quality. Finally, the construction of low-polluting
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public transportation systems such as light rails requires both specialized equipment and
engineering services.

Equipping an industrial plant with air emission control equipment requires a high level
of technical expertise to obtain good performance. Engineering consulting services from
specialized firms are often required before equipment can be purchased and installed.
Converting to natural gas requires investments in new burners and boilers, as well as
investments to increase the production and delivery of natural gas to industrial sites.

Particulate pollutants are commonly removed by mechanical collectors, fabric filters
(baghouses), electrostatic precipitators, and wet scrubbing devices. Gaseous pollutants can be
removed by several types of processes, depending on the type of pollutant. Sulfur dioxide can
be removed from coal burning power boilers by using flue gas desulfurization processes.
Molecular sieves are used to remove sulfur dioxide in sulfuric plants and NOll in nitric plants.
Methods for controlling odors and toxic pollutants include thermal incineration (after burners),
catalytic oxidation, activated carbon adsorption, and condensation.

Clients and Ownership

If Jordanian air quality standards for adequate vehicle maintenance and servicing are
developed and enforced, or if the GOJ raises fuel prices to encourage optimal engine
maintenance, an opportunity will emerge for the private sector to provide vehicle tune-ups.
Most of vehicles in Jordan are owned by the private sector and serviced at private service
stations. Government institutions, however, do have repair and m.aintenance centers for army
and government vehicles.

The GOJ and the municipalities would comprise the primary clients for construction of
public transportation systems. Donor funding will largely define this market.
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What Is Needed to Take Advantage
of the Opportunities

The success of environmental businesses in Jordan depends
on public and industry awareness of environmental problems.
The GOJ and the private sector should plan a comprehensive
public awareness program to supply the market with facts
and figures on the environment. The survey conducted for
this profile showed that a large percentage of the public lacks
access to environmental infonnation. The media can play an

important role on behalf of the GOJ by presenting environmental education programs. GOJ
plans for expenditures on pollution control enforcement are unclear. This information is
needed, however, to give the private sector the confidence it needs to enter environmental
markets.

The GOJ must develop a more focused regulatory agenda.
Market demand must be established through sharpened
regulation before many environmental businesses can be
expected to fully take root. The private sector must be
convinced that enforcement will be consistent. Economic
incentives should be established wherever possible to justify
implementation of pollution control measures in industry.

Environmental business is a relatively new concept in Jordan;
often involving new technologies. The future of
environmental business depends largely on the availability of
a qualified authority to give advice and assistance for
establishing businesses. Agents/distributors of imported
environmental equipment need to know how to find the most
appropriate equipment to import. Foreign equipment

suppliers must adapt their products to Jordanian specifications. Generally this means offering
technologi~s that rely less on consistent operation and maintenance and that minimize the
need for expensive replacements or spare parts. Where spare parts are required, the foreign
suppiier should establish and guarantee a mechanism for obtaining them. Foreign companies
also need to consider how to lower the costs of their products and services to make them
competitive in the Jordanian market. One option for lowering costs is to begin local
assembly and manufacturing for certain technologies.
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What /s Needed

Emerging environmental businesses often require feasibility
studies and financing for capital investments. Because
environmental awareness and the market are still limited,
environmental goods and services may seem like a risky
business. The GOJ and donor organizations can help the
private sector overcome fears by financing the cost of entry

through grants or low-interest long-term loans. Several environmental sectors described in
this report require feasibility studies before compani&.~s will consider tmtering the business.

The GOJ should help the private sector explore
environmental businesses by removing all barriers, such as
customs duties on environmental equipment, and by enforcing
laws to encourage using environmental equipment and
systems. High import duties discourage the import of much
equipment important to the sector. The custom duties on

wastewater treatment systems, for example, are about 40 percent. In addition, environmental
equipment is often lumped with other kinds of equipment when customs duties are applied.

Undoubtedly, the privatization of environmentally related
municipal services will open opportunities for the private
sector (see section on water purification and conservation).
If state-run industries also privatize, government regulatory
agencies will be more likely to enforce environmental
standards. As it stands, conflicts of interest may arise if one

government agency regulates another. Privatization may also reduce the state financial
burden of maintaining unprofitable enterprises. The electricity distribution industry, which
has been private since its inception, demonstrates what is possible.

The lack of local experience in environmental projects could
be a significant barrier to successful project implementation.
The private sector will need additional education a: ~d training
to develop the specializations required to address Jordan's air
and water pollution problems. WhIle few experts can be
found in environmental consulting, there are experts in related
technical fields. Those with advanced training in chemical

and mechanical engineering areas pertaining to environmental technologies are needed.
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What /s Needed

The private sector's lack of techn\cal capability to addre,ss
many of the country',; environmental problems constrains
development of an environmental business sector. Many
solutions to environmental problems involve a combination of
scientific analysis and testing, designed and engineered
systems, equipment procurement and installation, and ongoing
operations and maintenance. Few private companies in

Jordan possess the capabilities to provide such an integrated solution, and few have
cooperated to combine their capabilities. Thus, environmental solutions provided by these
companies are often inadequate. Few engineers have experience in industrial waste
minimization and materials recovery.

Access to new technologies can be facilitated by organizing environmental businesses
and workshops, establishing technology databases, setting up environmental professional and
trade associations, distributing buyer's guides, and linking foreign technology suppliers with
the Jordanian business community through catalog exhibits, and trade and investmen.t
missions.
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Jordan's Environmental Problems and Trends

Jordan has nn area of approximately 90,000 km2, 90 percent of which is arid or
semi-arid. The mountainous area to the cast of the Jordan Rift Valley functions as a
precipitation trap for the cold fronts traversing the country from we~lt nnd northwest to east
and southeast. These fronts result in average annual precipitation rWlging from 300 mm in
the southern highlWlds of Shoubak and Kw'ak to more than 600 mm in, the northern highlands
of Salt and Ajlon. To the east of the highlands, the topography flattens rapidly and the Mea
lies in a precipitation shadow receiving average of precipitation with a maximum value of 300
mm, decreasing rapidly to SO nun in the east and south.

The kingdom has three major rivers: the Jordan, the Zarqa, and tht, Yarmouk. The
Jordan River is s8,line, and thus not suitable for drinking or irrigation. The Zarqa receives
substantial municipal, industrial, and agricultural pollution loads. Though Yarmouk is
reportedly less stressed, it also receives municipal wastewater.

Only 3 percent of Jordan's land area receives average annual precipitation of more
than 300 mm (the minimum required for wheat production in d.ry farming areas). Around 90
percent of the country receives average precipitation of less than\ 100 mrn/yr and is generally
classified as arid. The scarcity and uneven distribution of precipitation over Jordan result in
meager surface and groundwater resources with a total annual flow comparable to the average
flow of the Euphrates River in one week or that of the Nile in about three days.

Current and Projected Water Sources and Consumption

Source

Renewable 280 375 280 359
groundwater

Non-renewable 118 56 118 118
groundwater

Surface water 500 500 594 594

Treated water 32 32 60 60

Total 930 963 1052 1131

Source: National Environment Strategy for Jordan. 1991.
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Jordan is divided into four different climatic regions: (I) the western heights which
enjoy a Mediterranean climate; (Ii) the desert in thc cast; (iii) thc Oulf of Aqaba which is hot
and humid; and (iv) the Jordan Valley which has a scmitroplcal climate. Rain normally falls
in winter (Le. Decemb'er to March) with the maximum amount usually during January. In
general, the amount of rainfall d~crcWJes from west to cost and from north to south.

The most significant environmental problems in Jordan arc water related. Water
scarcity, rapid development, and population growth arc all associated with the following
chronic environmental maladies:

~ Overexploitation of aquifers as a result of increasing demand
coupled with limited water resources,

Inadequate industrial and municipal wastewater treatment
capacities,

~ Siting of industrial plants near or immediately upstream from
major water supplies,

Overuse and misuse of pesticides, insecticides, fungicides, and
fertilizers leading to pollution of surface and groundwate~'

resources by irrigation drainage.

Other major environmental problems facing the COWltry stem from
unmanaged disposal of solid and hazardous waste, mining waste (primarily from
phosphate mines), and some sources of air pollution in industrial sections of
Amman.

T:-te population of Jordan, estimated at over 4 million in 1991, has grown
at an average rate of 3.8 percent in the past 11 years. The capital city,
Amman, contains nearly 35 percent of the country's population. The large size
of this 'city state' caus-es many problems for the economic infrastructure and
planning. Therefore, measures are being taken to halt further migration to
this city ( e.g. service infrastructure is being developed outside Amman and
the government is giving financial incentives to encourage industries to move
there).

In the early 1960s, the Jafr groWldwater basin was developed to provide
water for both domestic and irrigation uses. After a few years of extraction,
water levels started to drop rapidly and the water quality deteriorated. The
investments in that area were lost because the water became WlSuitable even
for irrigation, and groundwater levels and quality dropped to unacceptable
levels. In Dhuleil area, water levels dropped and irrigation water infiltrated to the
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groundwater. A slnailor,Jattern has been obsf?rved at many other locations, including Azraq
and Disi-Sahl cs Sawan" Mudnwara.

It Is now teored that water will start moving from these marshes to the well field orca.
The signs of a salinity increase have already been registered. If pumping continues at present
rates, salt water will S' art moving toward the water producing areas, leading to salinization of
all groundwater.

Pollution relll.lting from waste disposal has also affected major groundwater resources,
which rendered som =of them unsuitable for domestic purposes and others even less suitable
for irrigation. The main groundwater area affected by wastes is the Amman-Zarqa orea,
where aro\md half )f Jordon's population live and around 70 percent of its light and medium
industries are localed. The major pollutants which reach the groundwater r~sources (other
than early domesti c wastewater from Zarqa cesspools) come from the different industrial
plants spread ovet the area (e.g., chemicals, steel, petroleum, paper, detergents, batteries,
polymers, textiles. chlorine filling, soft and alcoholic drinks).

From wate ~ analyses performed on wells in the area, it can be shown that trace
element concentra ions such as iron, arsenic, alwninum, cadmiwn, chromiwn, lead, zinc,
mercw'Y, and man ~anese are increasing to unacceptable levels. Some other wells have
increasing concent 'ations of nitrates, phosphates, TOS, bacteria, etc. indicating pollution by
domestic wastes.

The solid \\ aste disposal site of greater Amman is at the southeastern edge of the
aquifer underlying he Amman-Zarqa area. Leakage easily reaches the aquifer and
contaminates its wa ter. In addition, only slightly over 50 percent of houses in the area are
connected to a wast ,:water treatment plant. The rest possess cesspools which leak into the
surface and ground' later bodies or discharge into wadis.

The wastewa ::er treatment plant of the Amman-Zarqa area, Khirbet al Samra,
discharges an effluel'lt of semi-treated wastewater along the Wadi Ohuleil and Zarqa River
courses; this has cau ~;ed the groundwater quality to severely deteriorate along the effluent
portions of the wadi. The damage in that area is so severe that the groundwater is unfit to
irrigate even salt-tole rant crops.

Groundwater :'.'esources elsewhere in Jordan are also polluted from solid and liquid
waste disposals. Gro\,mdwater in the areas of Karak, Irbid, Ramtha, Aqaba, and Mafraq,
among others, is dete.liorating due to semi~treated wastewater from wastewater treatment
plants into the grounc water resources.

Fertilizers and biocides used in agriculture in the Jordan Valley area, Ohuleil, Sama
Sdud, al Agib, and ell,ewhere, are also harming the underlying groundwater. Irrigation water
infiltration carries the~ie pollutants (with others), decreasing the quality of the groundwater and
drastically increasing i ts salt content.
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The other main polluted surface water resources arc within or downstream from
urbanized and Industriali'lcd areas, Domcstic and industrial sources severcly pollutc the
surfacc watcrs of thc Amrnan-Zarqa area, especially the Zarqa River.

The surface water was rendered unsuitable for domestic and irrigation uses in the dry
season, because the flow consists of industrial and domestic; effluent. Only during flood
periods does the water quality ill~prove. Along Wadi Dhuleil, the effluent quality of Khirbet
al Samra has polluted surfac.l.: nnd groundwater, affecting human health and the environment.

The water of the Zarqa River collects in the King Talal Dam whose water quality
gradually deteriorated f1'om 1977 to 1985 but remained suitable for irrigation. After the
operation of the Khirbet al Samra treatment plant In 1985, the water quality at the dam
deteriorated rapidly until it was rendered unsuitable for Irrigation of most crops.

The other surface waters affected by pollution are wadis, creeks, rivers, and dams
lying downstream from wastewater treatment plants and solid waste disposal sites like Wadi al
Arab, Ukheidcr, Wadi Shueib, Wadi Sir, and others. Many wadies are dammed so that their
water collects in reservoirs. A study of the water quality at Jordan's dams showed that all
reservoirs are eutrophic to highly eutrophic except Ziqlab reservoir which receives only flood
and spring water originating from sparsely inhabited areas. Irrigation return flows to river
courses are increasingly causing a deterioration of groundwater quality expressed in salinity
increases, high contents of biocides, nitrates, phosphates, and other substances.

Seepages from sewerage pipes undermine water supply systems. Water supply pipes
in different areas of Jordan are leaking as a result of breakage, corrosion, and erosion. Water
shortages prevent pipes from being continuously under pressure or in operation. Water is
pumped once or twice each week to consumers especially during the dry season. Upon
pressure release, contaminated water leaking from cesspools and sewage systems becomes
sucked into the water supply pipes and reaches houses.

The use of biocides and fertilizers is generally restricted to irrigated areas like the
Jordan Valley, Dhuleil, Disi, Sarna Sdud, Aqib, Azraq and Amman-Zarqa; groundwater
underlying these areas has increasing concentrations of biocides, fertilizers, and salinities from
the irrigation return flows. Surface water resuurces in the surrounding irrigated agricultural
areas are also affected by pollution and increasing salinities. This is best shown in the side
wadis of the Jordan Valley, which serve as drainage for irrigation waters.

To cope with the delicate, environmental conditions of semi-arid areas, the
Government of Jordan has tried in recent decades to develop resources and construct
wastewater treatment plants and sewage systems. Dams and irrigation canals were
constructed, water pipes up to lOOkm in length per project were laid to carry drinking water,
and wastewater projects were developed in all large towns.
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If Jordan docs not address the issues of water shortage, more water will need to be
diverted from agricultural to domestic uses creating more unemployment in the agricultural
sector, increase of food imports, and a drain of foreign currencies. These results would lead
to poverty, deficient food supplies, and possibly social unrest.

The air is considered relatively clean in most of the country except for some polluted
areas such as the industrial zones. Air pollution in Jordan is either natural or industrial. The
major natural pollutants are sand and dust stomlS. Approximately 90 percent of Jordan's area
is desert, which is exposed to khwnasini winds from the North African Coast during April and
May. As a result, air is polluted with dust and sand. It is estimated that about 1.3 million
tons of dust reach Jordan annually. In Amman alone, dust quantities are estimated at 360
tons/yr. During khwnasini conditions, direct solar radiation decreases from 300 to 220
J/cm2/hr, whereas diffused radiation increases from 60 to 114 J/cm2/hr.

The high annual averages of total suspended particulates, sulfur dioxide, carbon
monoxide, and nitrogen oxides exceeded WHO and U.S. air quality standards. Air pollution
observed downtown correlated well with traffic activity, indicating that transportation was and
will be the major source of gaseous pollution in Amman.

The industrial sector has developed in Jordan during the last 20 years, and mining
activities have also developed and expanded at high rates. Industrial establishments in 1989
totalled 13,488, with approximately 133,000 employees. Industry consumed 498,000 TOE in
1990, which represents 20.2 percent of national energy consumption, including 1,188 GWhr
of electricity (i.e., about 38.5 percent of toud electrical consumption).

The main industries are phosphates, potash, cement, glass, iron, petroleum refining,
fertilizers, electrical power stations, and ce:ramics. The vast majority of industrial firms are
considered as small workshops and the rern (about 550) ar~ medium-sized factories in the
food, chemical, furniture, and construction industries.

Most of these factories are located in the Amman region, in Marko, Sahab, Bak'a
basin, and Zarqa in the northeast. The sulfur content in the heavy fuel oil which is used in
industry is about three times the international standards.

The phosphate mining industry, one of the biggest enterprises in Jordan, has a major
impact on the environment. Three main phosphate mines, located in southern JordlUl, are
operating: Hassa, Abyad, and Shidiya. Proven reserves of phosphates are about 2,000
million tons. The production rate was about 4.46 million tons in 1991. This quantity is
transported to Aqaba by trains and trucks. About 85 percent of the phosphate is exported and
the rest is used as raw material for the fertilizer factory in Aqaba.

The Phosphate Mines Co. and the Ports Corporation are taking measures to reduce dust
emissions in Aqaba by installing filtration equipment. It is estimated that 10,000 to 30,000
tons of soft phosphate will be collected annually. This method will be extended to cover
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facilitic!l in r,he main mines in order to limit dust emissions to a minimum; this would help to
collect a quantity of 250,000 to 600,000 tons/year, according to the particulate size collected.

The country's one refinery, the Jordan Petroleum Refinery Company, is situated in AI
Hashcmiya nelLr Zarqa. Its the normal production capacity is about 4.5 million tons/yr;
however, it is working at half capacity due to economic reasons. In 1991, total output was
about 2.31 million tons, including Iiquified petroleum gas, gasoline, jet fuel, kerosene, diesel.
heavy fuel oil and asphalt. Processing crude oil damages the surrounding environment (e.g.,
combust,ion goJ' , from boilers and furnaces). It is estimated that about 1atimes the amount
of fuel c:onsumed (i.e., 200,000 tons/year), is released to the atmosphere. Product leakage and
evaporation during processing, storage, loading, and unloading also result from oil refining.

Until r1ccently, open dumps were the only way to dispose of solid waste. In recent
years, several have closed, but many are still being used. Disposal is done mainly by
dumping and :igniting the waste, and allowing it to burn. This pollutes the air and water
through leaching, leaving orgwlic residues which act as a haven for disease and vermin.

Mining waste is a significant environmental problem in Jordan. Mining in Jordan is
open pit, with the ore deposit, primarily phosphate, close to the surface and the overburden
cover, very thin. Mining operations create large piles of sediment and dust. They dClstroy
agriculi.J1'al soil and vegetation cover, leave dust on public sewage and irrigation tunnels
which causes many problems, and cause trace elements to leach or blow into the air and
concentrate in soil and plants. Dust produced in quarries, cement works, and phosphate mines
in the last few decades increasingly concentrates in the air, endwlgering the health of the
surrounding inhabitants.

The main source of pollution causing disease is wastewater in contact with water
supply pipes that leak because of interrupted pumping. Also, wastewater treatment plant
effluents contain parasites and bacteria that directly affect workers who come in contact with
that water, and/or consume fruits and vegetables irrigated by it.

Both liquid and solid industrial wastes threaten surface and groundwater resources.
Using these resources for domestic purposes exposes the population to higher concenltrations
of heavy and trace elements, which may lead to chronic poisoning. An example cited in this
context is the mercury-contaminated soil and water near the chlorine filling plant in the
Ruseifa area, a problem that surfaced in 1990 and 1991.

The overuse of pesticides and insecticides including DDT has significantly increased in
the concentration of these biocides in surface and groundwater resources. The consumption of
vegetables and fruits harvested before degradation of biocides may cause severe illnesses.
Little work has been done in this field, but concentrations in crops are definitely higher than
they should be to be safe for consumption.
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Oases such as 8021 1-128, CO, and NOM' as well as lead, are released into the
atmosphere in industrial zones (e.g., along the Zarqa River or from non-point sources like
vehicles). In el Hashymiya village and northeast of Zarqa, these emissions are already
causing health problems for the surrounding population.

Ruseifa served as a tourist resort in the 1950s and 1960s with water, springs, green
fields, gardens, etc. Water pollution and water depletion have terminated tourist activities in
the area. In Jordan, forests are increasingly used as disposal sites, water resources are being
depleted and surface waters are becoming less suitable for recreation. Examples can be seen
in Azraq and Ruseifa with its drying pools, in Aqaba with partly polluted banks, and along
the Zarqa River and King Talal Dam where water pollution, bad odors, and mosquitoes are
increasingly discouraging tourists. Tourism in the Aqaba region has been growing rapidly
with an annual increase in visitors of about 36 percent from 1987 to 1989.
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Business Climate in Jordan

From the mid-1970s to the early 1980s, economic activity boomed in Jordan due to
increases in expatriate remittances, aid from other Arab countries, public sector infrastructural
projects, and exports. Toward the end of the 1980s, economic growth in real terms wavered
and inflation rose. Since then, the economy has mostly stagnated with only short periods of
growth.

During 198B, the economy suffered major changes, due to an increase in Jordan's
foreign debt and insufficient foreign currency revenues. By the end of the year, the
government undertook tough economic, monetary, and financial measures to correct this
situation. The Jordanian dinar wa.'1 floated, leading to a decline in its value.

Following an agreement with the IMP in 1989, a new medium-term economic reform
program was implemented, calling for gradual economic growth, expansion of exports, and a
reduction in the budget deficit. However, the Gulf crisis adversely affected Jordan's
economy, and the government strayed from its structural adjustment program. In 1991 the
Gross National Product reached JD 2,415 million, a decline of 1.1 percent in real terms
against 1990.

Jordan has a modest industrial and manufacturing base of about 7,500 registered
establishments. The nation boasts a skilled and highly educated workforce and is well
positioned to engage in regional trade. Through the Encouragement of Investment Law of
1987, the government encourages foreign and private investment. Investments meeting the
definition of an "economic project" qualify for various tax holidays, exemptions from customs
and import duties on fixed assets needed to establish a project, free grants of state-owned land
outside Amman and Zarqa, and annual repatriation of dividends. The investor must, however,
meet performance requirements to obtain these exemptions.

The government is planning to improve its investment incentive policies, emphasizing
development of the country's small-scale and large-scale industrial sector. The government
also plans to promote the privatization of some major share holding companies and the
expansion of free zones in Zarqa and Aqaba. Currently, capital outflows are restricted under
the Foreign Currency Control regulations No. 95 of 1966 and their updates.
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Key Economic Indicators

Appendix IJ

Population (millions) 3.75 3.88 4.01

ODP (billions Dinars, 1985 prices) 2.152 1.924 1.921 1.931

GOP/Capita (Dinars, 1985 prices) 547 495 479

Consumer Prices (1985 = 100) 106.4 133.8 155.4 168.1

Commercial bank exchange rate (US$/Dinar) 2.69 1.75 1.51 1.47

Trade balance
Exports (million of US$)
Imports (millions of US$)

Services balance (millions of US$)
Receipts (million of US$)
Payments (millions of US$)

Transfers (millions of US$)
Current account balance (millions of US$)
Total external debt (millions of Dinars)
U.S. aid to Jordan (millions of US$)

Exports to Jordan (millions US$)
Imports from Jordan (millions US$)

Revenues (millions of Dinars)
Expenditures (millions of Dinars)
Deficit (millions of Dinars)

865
. 2719

80
1,420

(1,340)
1,351

(293.7)
7982

18
342.9

3.5
544.34
910.87

(204.57)

929
2140

176
1,239

(1,063)
1,178
384.9
8,244

42
297.2

4.9
565.40
947.92

(137.10)

1123
2447

35
280.0

5.0
746.08

1,001.21
(95.00)

Sources: (1) Intemational Financial Statistics Yearbook, IMF, 1992.
(2) U.S. Department of Commerce

B-2



Appendix C

Regulatory Framework
Jordan does not yet have a national environmental law, but does have many

regulations, instructions, and rules that relate to the environment and acts to protect and
regulate its use, (e.g., concerning water, irrigation and municipalities); most important are
those related to public health. Although the government adopted a National Environmental
Strategy in May 1992, it is not yet implemented. There is no formal coordinating mechanism
and little cooperation among agencies involved in the environment. The steps the
government and the private sector have taken indicate awareness of the problems and
readiness to enact laws and regulations to solve them. Both govenunent agencies and NGOs
are pressing for improvements and sounder environmental policies.

Because laws and administrative directives pertaining to the environment have been
developed piecemeal, they are often ineffective and far from comprehenc;ive. The new
National Environmental Strategy was designed as a single integrated policy leading to the
formation of a higher council for environmental protection. The council will monitor
compliance with environmental legislation and coordinate all concerned bodies. Also it will
set the stage for "environmental management" legislation'to empower the Department of the
Environment to fulfill its mandate through greater legal and enforcement authority. Finally,
it will create a national process to assess the environmental impact of all new development
and construction projects before they are initiated.

Water pollution control in Jordan is a cooperative effort by several agencies that lack
a complete statutory underpinning or regulatory framework. Some sources have stringent
standards, while others have none. Neither the statutory mandate nor the institutional
responsibility for promulgating missing standards is clear. 1

The industrial sector expanded over the last 10 years due to government regulations
that favored economic priorities over environmental ones. Environmental violations were and
are occurring; these were accepted in the past because the industrial base was small. The
natural system had time to recover. These violations are now unacceptable due to the huge
number of factories that are dumping hazardous chemical waste. There are no official
specifications or maximum allowed levels for such pollutants.

Water pollution regulations in Jordan vary considerably depending on the water
source. Direct industrial discharges are regulated by Jordanian Standard Specification
Number 202 issued in 1981 by DDS and revised in 1990. The standards cover up to 37
pollutant parameters (conventional and nonconventional pollutants and metals), setting
maximum allowable discharges to various water bodies. Industries are required to self
monitor once a week. WAJ guidelines specify compliance monitoring at industries twice a

IAn Analysis of Jordanian Environmental Laws and Institutions. Submitted by PRIDE to USAID/Jordan,
Government of Jordan, 1992.
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month. 2

Indirect dischargers are subject to a different set of effluent limits imposed by the
WAJ under a regulation issued in September 1988. Concentration limits are established for
29 organic and chemical constituents and physical properties. Process changes must be
reported to the WAJ, which is allowed to sample twice a month. 3

Publicly owned treatment works constructed and operated by WAJ are not subject to
specific effluent limitations. No detailed standards regulate the disposal of sludge generated
in the course of municipal or industrial wastewater treatment, although health policies may be
applied. Regulations do not exist to control illicit disposal to storm drains, underground
injection, or marine dumping.4

While air pollution is not yet a major problem in Jordan, it is growing due to
population growth, urbanization, and industrialization. The first air pollution priority is the
Zarqa Basin. Jordan has no air pollution laws and no formal regulatory programs. As with
water pollution, several government agencies perform activities related to air quality
management. DOE participates in industrial licensing/siting undertaken by MIT. Jordan has
not promulgated its own air quality criteria but adapts World Health Organization Standards
for this purpose. Finally, DOE has a standing request to DDS to jointly develop Jordanian
air quality criteria.S

Pursuant to the Public Health Law, MOH has the authority to close facilities where air
pollution threatens health. The Meteorological Department performs long-term
meteorological monitoring and records maintenance. RSS conducts some sampling and
analysis on behalf of DOE, as well as research studies on urban air pollution. The Ministry
of the Interior enforces traffic laws and through the police may issue tickets to polluting
vehicles. Cars must be inspected every year, although no pollution control equipment is
required. The DOE has insufficient equipment or resources to monitor, so no comprehensive
air quality monitoring is occurring.

Jordan has no hazardous waste disposal facilities, although a cooperative
industry/government venture has been negotiated for which fundraising is under way.
Individual municipalities control collection and disposal practices. No consolidated laws
specifically call for regulation of solid or hazardous waste. The Royal Society for
Conservation of Nature has recommended passage of solid waste legislation. No regulatory

21bid

31bid

4Ibid.

51bid
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activities are occurring at the national level.

Presently, NRA does not monitor mines or quarries, and the authorized mine
inspection is not active. Since the NRA lacks police powers under the mining law, it has
often worked with mayors to close quarries and confiscate equipment. Initial licensing of
mines and quarries is the most important environmental activity that NRA performs regarding
mining. Members of the licensing committee are drawn from MOl, the Ministry of Water
Irrigation, and MOA. 6

The coastal area along the Gulf of Aqaba is extremely rich in marine life, with clear
water and coral formations, making Aqaba an outstanding tourist resource. Development hns
brought a decline in fisheries resources; oil, thermal, and phosphate pollution; and damage to
the coral reefs. The Aqaba Regional Authority, which is responsible for coastal zone
management in Aqaba, controls construction of coastal installations and prepares plans and
environmental studies. DOE consults on licensing activities affecting the coastal zones and
responds to citizen complaints. WAJ is responsible for enforcing effluent limits on
discharges into the sea, and MOA has jurisdiction over fishing regulations. There appears to
be no centralized statutory basis for coastal zone management in Jordan, although several
related statutes provide some authority to regulate coastal degradation.7

The key government institution working in environmental protection is the Department
of Environment, under the Ministry of Municipal and Rural Affairs' and the Environment. It
regulates and enforces laws which relate to the environment, and responds to citizen
complaints or ministry inquiries about water pollution, monitors some water and wastewaters,
participates in licensing and regulatory development committees, and performs research and
studies on water pollution.

Various other government institutions hold some jurisdiction over environmental
matters. including the Ministry of Health, the Ministry of Water and Irrigation, the Ministry
of Industry and Trade, and the Department of Forests and Soil Conservation at the Ministry
of Agriculture. These agencies are supported by quasi-independent institutions, (e.g.,
university research centers, the Royal Scientific Society, and the Higher Council of Science
and Technology).

~bid
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Title of Low Function

Health Lllw No.. 21 of 1971 ControlAami denncs USCA of wastewater, among other mllndlltell

Agriculture Law No. 20 of Provides Minister <II' Agriculture with legal base to develop and protect Jordan's
1973 rangeIarid and foreRI rCllourceR

Water Authority LlIW No. Crellted Water Authorlly of Jordan and providcs full responsibility to MWI for all
18 of 1988 water and scwage syslcms and for establishing a water policy, includcs penalticll

and lines

Military Ordinance Number Required all induslrics to Ireat their wastewatcrs by January I, 1981
6 of 1980

Military Ordinance No. 2 Placed restrictions on the usc of wastewaters to irrigate agricultural lands
of 1982, updated by MOA
dccree of 1991

Public Health Law No. 21 Gives MOH powerhJI authority 10 close facilities and order health nuisancell
of 1971, sections 31 and 36 eliminated

Traffic Law No. 14 Prohibits the driving of vehicles that pollute the air

Organization of Natural Disallows the appropriation of water without wrinen permission from the vice
Resources Affairs Law No. president and agreement of land owners
12. Article 44

Municipalities Organization
Law No. 18 of 1988

Regulation No. 61 and No. Regulates buildings and zoning in Amman
67 of 1979

Regulation No. 79 of 1986 Regulates city and village buildings and zoning

Jordan Siandards No. 288 Lists drinking water standards
for Drinking Water

Circular No. 31 of 1971 Pertains to wood and wastes discharged by ships into the Aqaba port

Fisheries Law No. 25 of Pertains to fisheries
1943

Agreement with the Iraqi Regulates transport of mineral oil
Pelrol Company of 1931

Standards Specification No. Specifies standards for industrial wastewater discharges.
202

In addition to the government agencies listed above, two NGOs concerned with
environmental issues have evolved in the last 12 years: the Royal Society for the
Conservation of Nature established in the early 1980s, and the Jordan Association for the
Control of Environmental Pollution established in 1988. Both function as pressure groups to
protection the environment. The different economic and social development plans of Jordan
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which were prepared by the government (1980-1985 and 1985·1990 etc.) dealt with the
environmental sector as an important development issue.

The water sector was reorganized in 1987 by the cr&:ation of the Ministry of Water
and Irrigation. Previously, the water sector had been managed by the Water Authority of
Jordan and the Jordan Valley Authority; their responsibilities sometimes conflicted and they
suffered inefficiencies and poor personnel management. The Ministry of Water and
Irrigation (MOWI) has the Water Authority and the Jordan Valley Authority under its
umbre:!a. The ministry as such is now reSIJOnsible for water resources studies, planning,
development, and allocation all over the country. It is also responsible for wastewater
collection, treatment, and allocation for reuse. Irrigation activities are also under the
supervision and responsibility of the MOWI. Each of the two authorities under MOWI has
several departments to facilitate planning, implementation, control, maintenance, water
distribution, and consumer affairs.

Although the water sector is now under a single organization, the two authorities still
conflict sometimes. The Jordan Valley Authority tries to save as much water as possible for
irrigating the Jordan Valley, whereas the Water Authority tries to allocate as much water as
possible to bridge the gap between supply and demand for domestic and industrial uses.

The Water Authority is responsible for managing water resources and for water
supply and distribution, as well as sanitary services. Its operating budget in 1991 was
approximately 60 million JD, compared with the Department of Environment's total budget
of less than 100,000 JD that year. The Jordan Valley Authority is now responsible for
developing storage and irrigation systems for agricultural use in the Jordan Valley area.

The Ministry of Water and Irrigation is responsible for water supply, construction and
maintenance of wastewater treatment plants, and protection of surface water quality from
municipal and industrial wast~water discharge by monitoring effluent and taking compliance
actions. The Ministry of Health is responsible for performing analyses for biological
contaminants and monitoring water supplies to ensure their safety. MOB also has the
authority to close down industries for violating health laws.

Through its Department of Standards and Specifications, the Ministry of Industry and
Trade is responsible for developing all standards in Jordan, and promulgating wastewater
limits and drinking water standards in Regulations, No. 202 and 286, respectively.

In general, the water sector is now better organized than before, but organizational
plans to simplify and clarify authorities and integrate planning and decision-making are still
needed.

Most industrial plants in Jordan own wastewater treatment facilities, but few are
designed to specifically treat the pollutants produced by a partiCUlar industrial plant. This is
partly the result of a government policy of the early 1980s, which threatened to close any
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Appendix C

factory that did not acquire a wllstcwntc:r treatment plnnt within six months. To comply, each
factory tried to i.mport a treatment plant without rc:gnrd to specific design or eft1clc:ncy.
Other Industries nre not complying with the effluent quality guidelines issued by the
Department of Standurds, due to the relatively high cost of meeting specifications.
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Appendi.x D

Donor Programs in the Environment

In Jordan, donors such as USAID, UNDP, the World Bank, CIDA of Canada, GTZ
of Germany, and donor agencies of France, Japan, and the United Kingdom operate
development programs covering a wide range of areas, including the environment.

Most projtcts related to the environment are conducted on behalf of the government,
mainly through the Ministry of Planning, with little direct private sector involvement. Some
donors, such as USAJD and CIDA, have special private sector programs, but they have not
stre~sed environmental business. The emphasis will probably shift with increased awareness
of the role tha, the private sector can play in stemming pollutiml.

USAID has been active in Jorcan for over 30 years. In the area of energy and the
environment, USAID sponsore trah~ing programs fer Jordanians, financing programs for the
private sector, feasibility studies, reports, and research. In the future, USAID plans to
concentrate more on environmental issues l especially in the water and energy sectors; the
agency will also emphasize a more activl. productive private sector role and private sector
development.

Since CIDA initiated its program in Jurdan in 1987, it has executed a number of
projects, severaJ of which have related to the environment, including designing three desert
dams, supplying an aquifer drilling tool for Al Dissi Aquifer, and operating agricultural
proje~ts I")n the southern farms (supply of services and equipment). These projects were
either requested explicitly by the Ministry of Planning or suggested by Canadian private
sector consultants who are paid by the Canadian government. CIDA plans to focus more on
the private sector in its program.

GTZ has operated in Jordan for a long time, helping to carry out numerous
development proj:cts. Although most of its projects have been in the agricultural sector,
recently GTZ has initiated projects addressin~ the water problem. GTZ is involved only with
governmental projects, and has a representative resident in the Ministry of Planning. Future
projects are selrcted from proposals of the Ministry of Planning and the GTZ team in. Jord&n.
GTZ plans to concentrate future budgets on more environmentally related projects in which
the Jordanian private sector will act as the local consultant on the GTZ team.
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Appendix D

JORDAN WATERIWASTE WATER··INTERNATIONAL PROJECTS

FUNCTIONS:
pp. Pollcv, Pl.nnlna and Man'a_mlnt
LL • Leal.lltlon, Weln.lna ,. Standerd.
RD • Real.rch ,. Dev.lopmlnt, Explorltlon
Fl-Flnanc.
DT. D.llan, Tinder Documlntl ,. Conltruetlon
OM - Oplratlonl ,. Malntlnanc.
ME • Monitoring, Evaluation ,. Intlrpretatlon
EN • Enforclmlnt
TE • Training" Formal Education
IC -Information, Communication ,. Public Awarenl..
ES • Envlronmlntal S.rvici' InduIUV

1-WATER 2 -WASTE WATER 3-eOTH

OONORS/PROJECT6 pp LL RO FI OT OM ME EN TE IC I:S S/F EST. COST-
DATE FOREIGN

MULTILATlltAL DONOI ADlNC'.'r

IC/H~ Slmln o"....c." Irw. , flitS ICU 4 Mil

IC/AZ"IIQ O"CUldw.t." .tudv , 90/95 ICU 3 Mil

IC/Dotan w.Uc. & MYlb D_ , 19/95 ICU 2 Mil

EC/UC 1t1ft.1t It.tton ItudY , 9'5/96 ICU 510 ooa
IC/Slcto".l PoltcY 3 92 I!CU 200 OUO

EC/.II.lna K.f".tn D. 't~ , 9'192 IQI 450 000

EC/ACIIbIlrwl,,~c
, , , , tn/tS ICU 3S0 000

EC/VI"IOUG ".CI" ,ugply P"ol. , 92193 JD 6 MIL

ICIWIldI ••'.l (I. (C_t.) , 92193 JD , MIL

EClWlldt Jo".... D. (CortIt.) , 92193 JD O.IMfl

EII/K'V/IIID ltlhlbilication O".at.r , , , 1 , , 95/95 JD 25 Mtl
~ Wlt.r lYle.

1II/ZIrqI ...... Collection and 2 92/94 SOl Flnanctng
""ocI••lna of ICU '2 Mil

III/•.-thl ".tl" SUDDly IlA JD 4·S Mfl

111/.lt•• Al IClfr.l" D.. , , 95/tS 501 Financing
of JD 6 MIL

111/.1h.lll'~tton lAC , , IlA SOl Flnencl".
of JD '0 Mil

IlltD/Pollutlon control 2 2 IlA MA

IUD/...ional wat.r M.,......nt , ,. IlA IlA
Itudv

tllO/Za... wallr PI.lIM awe. , , , 90192 JD 4.654 Mtl

D-2



Appendix D

JORDAN WATERIWAGTE WATEA··INTERNATIONAL PROJECTS
(Contlnuedt

FUNCTIO~S:
PP • Polley, Planning and Mlnlg.m.nt
LL • Legl.lltlon, Llcenllng 8& Standard.
RD • R••••rch ,. D.v.lopment, Exploration
FI-Flnanc.
DT • Da.lgn, Tender Docum.nt. 8& Conltructlon
OM .Operatlonl 8& Malnt.nance
ME • Monitoring, Evalultlon It. Interpr.tatlon
EN • Enforc.ment
TE • Training 8& Formll Educltlon
IC -Information, Communication" Public Awarentu
ES • Envlronmentll S.rvicil Indullrv

1-WATER 2 ~'" WASTE WATER 3-00TH
440

DONORS/PROJECTS h~'p LL RO FI DT OM ME f:N TE Ie ES S/F EST. COST··
DATE FOREIGN

NO OONOI IDENTI.IIDI

Conv-v Dttl Wat.r to No,.th , 92/96 olD 240 Mil

....... Futlal. w,.t.,. Iyst. ,
" Month. olD 1.65 Mil

Allun DI.t,.lct Wat.r p,.oJects , ,. Months olD 1.5 Mil

Wadi MUI. Sev,ae Z 24 Month. olD 2.9 litll

Nudawe,.a S....II. 2 1Z Months JD 0.285 Mil

Salt s....II. rill..nafon Z 24 Months olD 2.6 Mit

Ja,.a.h S....U. Ellpenlfon Z 24 Manth. olD 2.7 Mil

UDd8t. National ".t.,. Pl." :5 12 Month. olD 1.4 Mil

Studv Deep Wltl,. Syst...··Potabl. & 1 1 24 Month. olD 3.8 Mil
I,..ckfsh

Souf TOWl & ".fUl"~ S....,.... 2 24 Month. olD 2.75 MIL
Project

Wadi MuI. Wat',. p,.olect , ,. Month. olD '.05 Mil

Al·A.bou,. (Taffl .... ) 'lat.,. P"oject , 12 Months olD 0.66 Mfl

~alt "at.r Proj.ct , 41 Months olD 5 Mfl

N.f,.ea ".t.,. ,,.oleee: 1 30 Months olD 3.2 Mil

A"M S....r••• Proiect 2 ,. Month, olD '.S Mil

FutI''',/Mlhil S....,.... P"oJeet 2 24 Month. olD 2.75 Mil

V.,.foua Wit.,. Projects , Z4 Month' olD 3.5 Mil

v."ioua S...".a. '"ojeets Z Z4 Month. olD 5.5 Mil

Va,.ioua Wlt.r &SIM:,.... I.Latld 3 3 24 Month. olD 2.3 Mil
Studf"

NOll: sa. 0' 111. ,nt.....l:1ana, prOjects lI.w not "L been connlWla/W"thld W GDoI 0,. U. dono,...
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Appendix D

JORDAN WATERIWASTE WATER-INTERNATIONAL PROJECTS
(Continued)

FUNcnONS:
. PP - Policy, Pflnnlng Ind Mlnlglmlnt

LL -l.IIglllldon, Weanling • Stllndlrdl
P.D - RII.lrch • elvelopment, Explorltlon
FI-Flninci
DT - De.lgn, T.nd.r Documents 8& Conltruetlon
OM - OPlrlttonl • M.lntlninci
ME - Monttoring, Evaluation • Intlrprltltlon
EN - EnforClmlnt
TE - T...lnlng • Formal Ed~ca1:fon

IC -Informadon, Communication' Public AWlrenlU
ES - Environmlntal Servici' Indultr'V

1-WATER 2 -WASTE WATER 3-aOTH

DONORSIPROJECTS PP U. RD FI DT OM ME EN TE IC ES SIF EST. COST··
DATE FOREIGN

llLATlUL DeMIt AGlwel.11

GTZ around Ult.r North.rn Jo~ , , "19] OM US Mit

IC"'/Ienovltt", Wlt.r ...t .... 1 93 OM 5 ,m
IC'U/North ...t Ghar carrter , 1 NA JD 5 Mil
I.lec--.t

1C"'"rbtd Governor.t. I..... 2 2 93/96 OM 64 Mil

Ge~ Gov./Ulnter D_ 1 92 OM 5 Mil

!t.lY/SUIlDU.. for ...·an 1 92 Llr. 10 III

Japan/Studv & 'INll D..Ign Al , 36 Month. NA
Tamour D_ CUadt N•••,

J.../Studv I.I.t". Wldl Arlb D_ , NA NA

J tt,. U.t.r ....t.r 'lan J NA NA

Sui 'Wld/iouth.rn~ Ulter 1 1 1 17102 JD 12.751

USAIDlUlt.r Gullltv I.~t WId J 3 3 3 J J 3 J 92/97 US 121 MI l
CONI."".tlon •
UlAID/".tfonel Ult.r Itr.tew It_ 3 :5 :5 3 :5 :5 J 3 :5 3 :5 92 III 10.4 MI l

USAID/I.·I.... 'e.lIbtllty ltudv 2 '''92 III 10.4 NI l

USAID"L4IO/Eaut~t for 3 NA NA

lID DCIIII IDINTI'llDt

Al C.r.... D_ 1 1 1 92/95 JD 45 Mil

CONItruetlon Al Mujlb D_ Ca,tl_· ,
"196 C1ptl_··JD

• 35/15/7'5) 62179/16 "IL
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Appendix D

JORDAN WATEllllWASTE WATER-INTERNATIONAL PROJECTS
(Continued)

FUNCTIONS:
PP - Pollcv, Pllnnlng and Managlmlnt
LL - Llglilitlon, Ueen.lng 8& Standardl
RD - R.lllreh 8& Dev.'opmlnt, IExploration
FI-Finanee
DT - DI.lgn, T.nd.r Documenu 1& Con.truetion
OM. Operatlonl 8& Malntenlnce
ME - Monitoring, EvaluJitlon • Interpr.tatlon
EN - Enforclment
TE - Training • Formal Education
IC -'nformation, Communication" Public Awarlnl••
ES - Envlronm*ntal Slrvlc.1 Industry

1 -WATER 2-WASTE WATER 3-eOTH

DONORSIPROJECTS "P LL AD FI DT OM ME EN TE IC ES SIF EST. COST-
DATE FOREIGN

MULTILATIWAL OONOI AGiNCIII.

UNDP/Strengthenfng Polley & :s S 92195 USIO.5 Mil
Phmf". In till

UIlDP/wet Lendl of Azreq·-Gl' 1 1 NA UaS.3 Mil
Prollet

UNDPlDana Ylld Llf.--GE' Prolect S S NA USS3 Mil

IImP/I..rlltnCY NHdI A.......,n: , 92 USl50.000

IrLATERAL DONOR AGiNCr.l:

aDA/A_lnhtrltton Iyst_ In ..,1 :5 NA IA

aDAlTh... "ater Authority T.,'mt,. S S 3 IIA NA

aDA/Techntcel AI.I.tenc. to ..,1 :s :s S :s 3 S IIA ur: £4.5

aDA/Centrel Work.hoa S IIA NA

CrDA/Long-T.nI Techn'cal A••fltence :s 3 :5 :s :5 3 NA alA
to y.ter Sector

crDA/Env'r~t.l Study Z.rqa :s 3 :5 :5 S 4 yr. JD 1.3 Mfl
I'ver ' ..'n

CrDA/I..lonal Yat.~ Conference S IlA IlA

rDIC/Study "-t.,. ....,.".,t,. u•• , NA IlA

rOIC/Studv Pl••ttc "l. Productfon 1 IlA IlA

rDIC/Study "-Ite "-te" T,.••c.nt 2 IlA IlA

rOIC/Net'onal Info,...tfon IYlt.. S IlA IlA

GTZ/Adv'.ory serv'c.. to .IVA 1 , 1 , 1 92/94 OM 1 Mil
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Resources

In Jordan

Chamber of Industries
Usama Mudallal, Environmental Advisor

Commission of the European Communities
Torben Holtze, Development Counsellor

European Investment Bank
Patrick Walsh, Senior Loan Officer

Higher Council for Science and Technology
A. Abel-Rahman, Director, Agriculture and Water Sector

Japan Environment Center
Tetsuo Hayakawa , Director, Office of Total Pollutant Control

Jordanian Society for Control of Environmental Pollution
Munir AI-Adghan, Project Director

Jordan University of Science and Technology
Abdullah Jararat, Professor of Agriculture

JVA
Abdullah AI-Aziz Weshah, Secretary General

Ministry of Agriculture
Usama Ali Bilbeisi, Chief, Public Relations and International Cooperation

MMRAE
Dr. Saleh AI-Share, Director, Department of Environment

MWI
Adnan Saad AI-Zoubi, Director, Public Relations and Information

Royal Scientific Society
Murad Bino, Director

Society for the Environmental Pollution Control
Ms. Huda Qasim, Executive Secretary
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United Nalions ESCWA
Ahmed Harnza, Regional Advisor on Environment

U.S. Embassy/Amman
Amit Agarwal, U.S. State Department
Roger Harrison, Ambassador

USAID/Amman
Abdullah Ahmed, Environmental Officer

Water Authority of Jordan
Fawzi N. Abu Ni:!af, Director, Development/Planning Directorate

World Bank
Christopher Ward

In Washington, D.C

AID I S Consultant Registry Infonnation System (ACRIS)
Office of Small and Disadvantaged Business Utilization
Agency for Ini~mational Development
Washington, D.C. 20523-1414
Phone: (703) 875-1551
Fax: (703) 875-1862

U.S. Foreign Commercial Service Office-Jordan Desk Officer
U.S. Department of Commerce
International Trade Association
Room 2039
Washington, D.C. 20230
Phone: (202) 337-4941

Office of Energy, Environment and Infrastructure
U.S. Department of Commerce
Room 3832
Washington, D.C. 20230
Phone: (202) 377-5225
Fax: (202) 377-3954

E-2
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Office of Finance and Contracts
U.S. Department of Commcrcr.
Room 3832
Washington, D.C. 20230
Phone: (202) 377-3277
Fax: (202) 377-5702

Committee on Renewable Energy Commerce and Trade
Department of Energy
Office of Conservation and Renewables
1000 Independence Avenue
Washington, D.C. 20585
Phone: (202) 586-5517
Fax: (202) 586-1605

Environmental Technology Clearinghouse
U.S. Environmental Protection Agency
401 M Street, SW
Washington, D.C. 20460
Phone: (202) 260-2087
Fax: (202) 260-4470

Export Finance Group
Export Import Bank
Office for Africa and the Middle East
811 Vermont Avenue, NW
Washington, D.C. 20571
Phone: (202) 566-8011
Fax: (202) 566-7524

Investment Development Department
Overseas Private Investment Corporation
Information Officer
1100 New York Avenue, NW
Washington, D.C. 20527
Phone: (202) 336-8636
Fax: (202) 408-5155

Office of International Trade
Small Business Administration
409 3rd Street, SW
Washington, D.C. 20416
Phone: (202) 205-6720
fax (202) 205-7272
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Appendix E

JORDAN WATERIWASTE WATER ORGANIZATIONS

FUNcnON8:
PP - Policy, PI.nning Ind Mlnlg.m.m:
LL - L.gl.lltlon, Welnllng • Sgnd.rd*
RD. R••••rch • Olvllopmem:, Explorlnon
FI • Flnant:e
OT - OI.lgn, Tend.r Documlnll • Conl1Netlon
OM • Operation•• MalntlnanCI
ME. Monitoring, Ev.luatlon • Intlrprltatlon
EN • Enforclment
TE - Training • Formal Edue.uon ,
Ie -Information, Communication • Public Awarlnl..
ES • Environmental Servici' Indu.trV

'.WATER 2 -WASTE WATER 3-aOTH

ORGANIZATIONS PP LL RD FI DT OM ME EN TE Ie ES , STAFF

PUILIC SECTOA-MWI

Mlnl.tl'Y of ".tl,. ... Irriution (""., :s 3 :s 3 :s :s 3 3 J :s 1.646

...,. WIIter AuthoritY of .10"" (UU) :s 3 3 :s 3 :s J J 3 :s 6.419

WAJ 'GIli'd of DlrllCto... :s 3 J

Ple""ina & Cool'dhwUon C.-Itt.. S

Public Rel.tlona & Public Slrvlcl unit 3 2

Plenni 1'141 , Deyel~t & Info,..clon 3 3 S 3 53

Di,.ectoretl of pl.,..l", & Dewl-.c :I 3 3 3

DlrllCcorltl of Info,..clon :I 3 3

DirllCcorle. of O,...nllittonel 3
D.".l~C '(Yrllnl"l)

ldMlnflerlclon I ,tnenc. 3 3 3Z4

p,.oiecCI 3 125

Wit.,. Ituaurcu 1 1 , 537

DlrllCtO,.et. of Drllliftl ,
Dlrlcto"lt. of LIbe,.llori.. 3

Dlrll:to"le. of "It.,. ' ..ourc.. Scudl.. , ,
Dlrectorle. of I,.rililian 1

ODe,.ltfene &Mefncenenc. 3 3 51'

Gove~rec. DlrllCto,.et.. 3 3 3 , S 4.169

...,• .10"" VeUe¥ Autho,.fty (.IVA) , , 1 , , , , 1 , , 2.152
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Appendix E

JORDAN WATERIWASTE WATER ORGANIZATIONS (Continued)

FUNCTIONS:
PP • Policy, Ptlnnlng and MI,..g.meM
LL • Llgl.l.don, Ucenalng " Standlrd.
RD .R••••rch " Dev.lopm.nt, Exploration .
FI-Flnlnc.
DT • O.llgn, T.ndlr Docum.nta " Connrucdon
OM III Operluonl " Mllntlnlnc. .
ME: ; Monitoring, Ev.lulttan • ImlrprltCtion
EN • Enforc.m.m
TE • Tr.lnlng " Farmll Educluon
Ie .Informltlon, Communication" Public Aw.",n...
ES • Environm.ntal Servic'l Indunry

'.WATER 2.WASTE WATER 3-BOTH

ORGANIZATIONS PP U RD FI DT OM ME EN TE Ie ES , STAFF

PUILIC SECTOB-MWI

JVA lurd of Director.

Senior Aa.lnl.trarl~
, 6

"emlna & Info...tton , , , 1 , , 9

'lemlna ,
CCIIIIlUter 1

Info...tl., ,
Tr.lnh" 1

AdRlnl.tratlon &'I,~. 1 , 111

OUt (Jordan VaUIIY" , , , 938

OUt (Southern Ghor & wadi Ar.) , , 1 351

Studl.. & D..I," , 1 , , ,
Dr.IN" D..r~t , ..
Laboratory D..~ , no
Mechenlc. D_rc.M 1 154

"'.ter I ..ourc:.. , , , . 1

Irrf••tfon D....rt-.nt , , 1 44

D_D..r~t , , 1Z1

lur.l Dave'• .,.t D_rt-.t , , 101

Lenda DIMr",,"t D
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Appendix E
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JORDAN WATERIWASTE WATER ORGANIZATIONS (Continued)

FUNCTIONS:
pp.Policy, Pllnnlng .nd M.nlg.m.m
U • L.gl.,.don, UCln.'ng • SlInd.rd.
RD • R••••reh 1& o.".'opm.nt, Explor~tton 0'

FI.Fin.nc.
DT • D"'gn, Tender Doeum.ntl • ConmucUon
OM .Oper.llonl • M.'ntln.nel
ME • Monitoring, E".lu.don • Intlrpreudon
EN - Enforclm.nt
TE • Tr.lnlng 1& Form.1 Edueldon
IC -Inform.tion, Communication 1& Public Aw.rene..
ES - Envlronm.nul Servlc•• Indultl'V

1-WATER 2-WASTE WATER 3-BOTH

ORGANIZATIONS pp U RD Fl DT OM ME EN TE IC ES COMMENTS

OTHER PUBLIC SECTOR UNITS;

Th. cabtnet of Mfnf.tl~ 3 3 :5

Thl p."lIMent 3 :5

Mtni.try of Pl.,.,tna (MOf') :5 :5 :5

Mtnfstrv of Munictpal &.urll Afflt" & :5 I :5 :5
Erwfl'OMlnt (...AI)

DQllt. of Erwf"..-tt (DI) 3 :5 3 :5 ._-
M'nt.try of Aa"iculturl (MDA) , , , , ,

P~l'e ••lltiON & Info...tt., ,
Nltfonal Centl" fo" ....."eIl &TedlnolOlW , ,

T"I..fe"

M'ni.trY of N..lth (MOM) , , , , ,
M'nistrY of ~l fe WO"ka & "_fN (.....) , ,
M'niltrY of InduitrY &, T,," (tnT) I 3

Dt"ecto"ltl of Standl~ &Mlelur-..nta S

M;nistry of 'inancl (M3') :5 :5

Til••udolt DIDI. 3 :5

Ministry of Educlt;on nlan 3, 3

M'niltrv of Ene,,1Y & lIiN"I' ·...aure.. ,
(MEMIU

Nlturll ...ourc.. Authorttv ,
MiniltrY of Inll";o" :5

. 'ublte 'If.t., c_tn.. I
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Appendix E

JORDAN WATERIWASTE WATER ORGANIZATIONS (Continued)

PUNCTIONS:
PP - Polley, PIInnlng .nd M.n.g.mem
LL - Llgl.,.don, UClnajng • Stand.rd.
RD - R....rch • Dev.'tlpment, ExplorlUon
FI-Fln.nci
DT - De"gn, Tend., Documenu • Conl1l'Uetfon
OM .OPlrlltfon•• M.jnl.flllnce
ME - Monlloring, EvelUillon • Imerprltldon
EN - Enforc.m.nt
TE - Training • Formal Educ.uon
IC -Inform.don, Communic.don • Public Aw.r."...
ES • Environm.nul S.rvici' Indumy

1.WATER 2., WASTE WATER 3-BOTH

ORGANIZATIONS PP LL RD FI DT OM ME EN TE IC ES COMMENTS

omER ruBYC 'ECjTOR UND1I; " .

"Infll'" of Infet,..,f.. IMOI) S

TV S

1.10 S

P..... S

The AfWId 'orc.. S S :1

Dea-rc.lnl of '181f81fca J

.
....

\
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Appendix E

JORDAN WATER/WASTE: WATER ORGANIZATIONS (Continued)

FUNCTIONS:
PP _ Polley, PI.nnlng and Manag.m.nt
U - L.gl."don, UCln.lng • Stand.rd.
RD _ R••••rch 1& Devllopmlnt, EJCp'orltion
Fl- Fln.nee
DT - Clllan, T.ndlr Oocum.ntI 1& Conltruetfon
OM - Opel.donl 1& Malntlnanc.
ME - Monitoring, Ev.l~a1ian 1& lmlrprltldon
EN - Enforclmlnt
TE - Training 1& Formal Education
~C -Informadon, Comrr.unlc:adon 1& Public Aw.r."...
ES - Envlronm.ntal SilVie.. Indu.1IY

1-WATER 2 -WASTE WATER 3-BOTH

ORGANIZATIONS PP LL RD FI DT OM ME EN TE Ie ES COMMENTS

NON:QgVEBNMENTAL NlENCIEI;
lav.' Ict""ttftc Soct.t" fin') 2 S 2 J 3

Roy.' loctety fo, the CanI.rwetten of M.ture I
(IICI)

loctety for t'" Centro' of .rwt....-t., I
'olluttan

. Urltventtv of ",ordln (U.tO) :s S J I

",o...-n unlw,..tty of IetMa I '''''OIY J J J I
(.lUST) .

'niuetl'." J J J J J J

, .....1'1 1 1 1 1 , .
JOl'danlan Iftltneel'l allocletton S-
",o~fan Cantl'lCtors Aaeoct.tfen J S

MenuflCtul'el'l I l.me'te,.. S
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Appendix G

Profile Methodology and SurveJv

This profile wns completed through desk, field, and survey research, and report
synthesis and analysis. The desk research consisted of obtaining information on the private
sector in Jordan, U.S.lJordanian investment and trade relations, existing environmental
projects, and relevant environmental institutions in Jordan. The information collected and
used to compile this profile was quantitative and factual in some cases and anecdotal in
others, largely because the exploration of environmental marlcet dynamics in Jordan has
begun only recently.

The survey research involved a questionnaire that was, designed to address a wide
spectrum of organizations and companies. It was divided into four main s,,:ctions, each for a
particular group, as follows:

Section A: General Classification Questions. This section has seven questions
intended to classify the organization as private or governmental ("private sector" or "privately
owned" means a business with less than 50 percent ownership and control by the Government
of Jordan), discharger or environmental business, and to describe its activity, history in the
mark:' t (local and regional), size, products, services, and type of discharge.

Section B: Environmental Needs and Issues. This section contains 21 questions that
identify the environmental problems and needs of the business. This section was designed
mainly for environmental businesses, so dischargers were not accounted for in the results.

Section C: Public Opinion. This section, has seven questions that ask dischargers
and ~nvironmental businesses how Jordan's environmental problems should be handled.

Section D: General Environmental Businesses. Section D was added early in the
survey to ohtain more information on the types of problems and barriers facing environmental
business.

A wide range of specialties and business activities available in the market was
covered. However, time constraints did not allow coverage of a larger number of companies
in each activity. Business activities were divided into dischargers an(, environmental
businesses.

Dischargers include governmental and nongovernmental (private) businesses that
contribute to pollution in Jordan while producing goods or providing services. Dischargers
were subdivided into 10 business activities, covering most major discharging activities
(excluding domestic dischargers/citizens) as follows:
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1. Industry II 6. Commercial 2
2. Military 3 7. Construction 2
3. Medical 4 ~. Municipal Services 2
4. Garages/Airplane Maintenance S 9. Tourism Development 2
5. Chemical Storage/Transport S 10. Others 2

The survey covered (38) businesses of dischargers.

Environmental businesses are governmental and nongoVf~rnmental organizations,
institutions, and private businesses that participate directly or indirectly or could have
potential to participate in minimizing, eliminating, or analyzing environmental problems.
Environmental businesses were divided into 12 activities, listed below with the number of
interviews conducted for each:

1. Consultants 6 7. Treatment 0
2. Engineers 6 8. Recyclers 0
3. Constmction 0 9. Publishing 2
4. Equipment Manufacturers 0 10. Training/Education 2
S. Equipment Supply, Operation II. Financiers/Bankers 1

and Maintenance I 12. Others 1
6. Testing Laboratories 3

Some environmental activities could not be found in the local market. such as the
construction of pollution treatment projects, manufacturers of environmental products, and
firms specializing in waste treatment and recycling.

The survey was conducted primarily cn a person-to-person basis. However, many
organizations requested that thf: questionnaire left with them, which sometimes resulted in a
different kind of response. Those answers were not included in the result sheets, but were
considered in the evaluation process and taken as public opinion indicators.
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Individuals and Companies Interviewed

Appendix H

Industries

1. Arab Hygienic Paper Industries (SOFT)
Mr. M. Faouri, Finfl.ncial Manager

2. The Arab Potash Co.
Mr. Ali Erasour, Managing Director
Tel: 666~65

3. Jordan Petroleum Refineries
Mr. Sa'ad Al Tell, General Manager
Tel: 630151

4. Jordan Dairy Co.
Mr. A. Ghalayini, Financial Manager
Tel: 953368

5. Elba House Co.
Mr. A. Shawabkeh, Administrative Manager

6. Jordan Match Co.
Mr. M. Asa'ad
Tel: 983418

7. Jordan Ice & Aerated Water Co.
Mr. A. Farouqi, Maintenance Manager
Tel: 892014

8. Jordan C~ramic Industries Co.
Mr. A. Shaheb
Tel: 1)81373

9. Jordan Optical Manufactvxing Co.
Mr. A. Yassin

10. Fine Hygienic Paper Co. Ltd. it
Miss Salwa Masri, Personnel Manager
Tel: 652688



11. Industrial Comn., ':'clal & Agricultural Co.
Tel: 951945

12. AI-Maqdesiah Tires Retl'eading Co.
Mr. Ahmad Karram
Tel: 722480

Military

1. Blankets & Tents Factory
(Jordanian Armed Forces)

2. Directorate of Royal Maintenance Corps.
(Jordanian Armed Forces)

3. King Hussien Workshops (Armour Rebuild Facility)
(Jordanian Armed Forces)

Medical

1. Al Hikrnah Pharmaceuticals
Mr. Faisal AI. Ra' i
Tel: 811962

2. Ministry of Health
Mr. Ahmad Iram, Doctor
Tel: 665131

3. King Hussien Medical Center
Mr. Ahmad Al Ali, Doctor
Tel: 813813

Garages & Transpon

Appendix H

1.

2.
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Royal Jordanian Airline
Mr. Hanna Abu-Dela
Tel: 672872

Ministry of Transport
Mr. Marwan Al Hmood, Transport Engineer
Tel: 641461



3. Medico Carwash Station
Mr. Ahmad Khater, Manager
Tel: 671087

4. Macea Carwash Station
Mr. Ahmad Hammadicn, Manager
Tel: 821445

5. Civil Aviation Authority
Mr. Assem AI~Dalgamone

Tel: 52653

Chemical Stores

1. Spartan Co.
Miss Enass Assaf, Production
Tel: 774992

2. Jordan Sulpho~Chemicals Co.
Mr. Hatem Abbas, Teclmical Manager
Tel: 991434

3. Medeca Co.
Mr. Khoury, Director
Tel: 662401

4. Vapco
Miss Sawssan A. Fareed, Assistant Manager
Tel: 722801

5. Nabilsie Drugstore Co.
Tel: 630824

Commercial

1. Ata Ali Co.
Mr. Marwan Mahmrud
Tel: 812310

Construction

1. Jordan Tile Co.
Mr. Hassan Abu~Ashour

Tel: 991560
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2. Altllnqeeb Construction Material Manufacturing Co.
Mr. Dawoud Mustafa, Sales Manager
Tel: 892079

Municipal Services

1. Dhuliel Coop. Society for Cow' c:ders
Mr. Khaled EI Saad, Engineer
Tel: 914095

2. Amman Slaughter House
Dr. Othman AI Kilani, Manager
Tel: 891531

Tourism

1. Dead Sea Hotel Spa Co.
Mr. Wasiem Ziadeh, Executive Secretary
Tel: 802028

2. Ma'ain Hot Springs Spa
Mr. Fankhier AI-Zabin

Others

1. Jordan Electricity Authority
Mr. M. S. Arafa, Director General
Tel: 815615

2. Jordan Phosphate Mines Co. Ltd.
Mr. Mustafa Salama, Chief of Chemical & Environmental Studies Section
Tel: 660141

3. Private Testing Lab

Environmental Businesses

Consultancy

1. Water Authority
Mr. Hussam Khniem, Engineer
Tel: 680100
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2. Environmental & Water Research Center
Dr. Rand Khawas
Tel: 776115

3. Higher Council for Science & Technology
Dr. Fawaz AI Karmi
Tel: 835283

4. Dept. of the Environment
Mr. Esah Abu Hamzeh

S. Ministry of Trade & Industry
Mr. Pawz! AI Momani, Head of Industrial Services Section
Tel: 663191

6. Dr. Fouzi Al Rayan, Private Consultant

7. Jordan Technical cO!llSulting Group
Dr. Munif Hijazi
Tel: 690262

Engineering

1. Sigma Engineering Consultancy Co.
Mr. Maged Al Hilou
Tel: 641241

2. The Joint Venture Arabtech & MAR Jardaneh
Mr. Kassim Abu Hassan, Engineer
Tel: 827167

3. Ministry of Energy & Mineral Resources
Mr. J. O. Jaber, Head of Energy Conservation Section
Tel: 815615

4. Arab Engineering Consulting Firm
Mr. Abdel Fattah Toukan, Director
Td: 606068

S. Water Authort~

Mr. Ameen Belbiesy, Director
Tel: 679143
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6. Ministry of Energy & Minerai Resources
Mr. H. Taher, Renewable Energy Department
TeJ; 81561S

Equipment & Supply

1. Horizon Water Filtration
Mr. Youser Qutub, General Manager
Tel: 617S02

Testing Laboratories

1. Water Authority/Lab & Water Quality Dept.
Dr. Hamid Ounn, Director
Tel: 680100

2. Royal Scientific Society/Environmental Research Center
DR. Ali Elkarmi, Head of Ecology Division
Tel: 844700

3. Geotechnical Engineering & Material Testing
Mr. Marwan Sa'adoun, Geologist
Tel: 642806

Publishing

1. Fridrich Nouwman Foundation
Mr. Walter Rudel
Tel: 689377

2. Jordanian Society for the Control of Environment( Pollution
Dr. Saqar Al Salem, Secretary General
Tel: 695857
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Training &: Education

1. Ministry of Planning
Mr. Hussien Sha'p.rnri, Chemical Engineer
Tel: 6493341

2. Jordan University
College of Engineering & Technology

3. Jordan Engineering Association
Mr. Faisal AI Masri
,secretary General, Assistancp. for Technical Affairs
Tel: 660134

Financie'r/Banker

1. Industrial Development Bank
Mr. Zaidan A. Younes, Engineer
Tel: 647821

Others

1. Energy Management Services
Eng. Khaled Bushnaq, General Manager
Tel: 696464
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Appendix J

Environmental Publications
and Public Awareness

l~nvironmental bJsues are frequently addressed by the media incIudIna television,
radio, B,nd newspapers, and by seminars in schools, community colleges, universities, clubs.
associations of farmers, engineers and physicians, and syndicates. Jordanian schools educate
students to cal'le Ilbo~t tile environment through their regular lessons and lectures by
specialists and people working in the field. The standard of environmental education in the
schools is satisfactory.

The University of Jordan issues two to three bulletins yearly on the findings of the
Water Research. and Study Center, in addition to numerous reports about their current
research pr~jecus.

The Royal Scientific Society also issues reports on current research projects. The
scientific jourr18ls of the Jordanian universities frequently publish articles on environmental
issues. The Royal Society for the Conservatioln of Nature issues a quarterly magazine on
environmenta.l issues called Reem, which has educational goals.

The Jordanian Society for the Control of Environmental Pollution started publishing a
magazine called Ri;aJat AI B!'a one year ago. Like Reem it is dlso an educational magazine
at the mass media level. The Ministry of Education developed a program to educate people
on environmental issues, envirOl.'unentai repair, and conservation.

The Friedrich Neuman Foundation (FNS), in cooperation with the Jordanian Society
for the Control of Environmental Pollution, is supporting environmental awareness and
educational programs throughout Jordan.

Environmental education at the university level is distributed among various
departments and faculties. Faculties of science, engineering, technology, agriculture, and
medicine offer courses in environmental studies and protection. At a B.Sc. level there is no
specialization in environmental ;;tucJies, except at the Department of Earth anj Environmental
Sciences, Yarmouk University.

Training is offered by various d~partments and agencies, both governmental and
nongovernmental, (e.g. the Ministry of Water and Irrigation has.ts own training center and
universities offer tr~ining in water, wastewater treatment and analysis, water resources, and
irrigation).
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