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Summary

Many countries in the Middle East and
North Africa (MENA) face challenges
related to scarce water resources,
population growth, and climate change.
For this reason, treated wastewater
(TWW) or reclaimed water should be
used in place of conventional water
resources across diverse sectors.
Jordan has recently introduced policies
which clearly state that freshwater used
for irrigation should be gradually
substituted with TWW whenever
feasible. Many factors - including
regulatory, institutional, social, technical,
and financial aspects — will ultimately
affect the success of this substitution
process.

Although the agricultural sector in
Jordan has been using treated water for
decades, the potential for a direct reuse,

in particular, is far from being exhausted.

Direct use of TWW is still not popular in
the country and faces several
challenges, namely: (1) institutional
fragmentation, which jeopardizes the
design and implementation of effective
reuse schemes; (2) the existing
technical standards, which are
particularly relevant when small-scale
treatment and reuse schemes are
considered; (3) the lack of well-
established business models, which
hinders the widespread use of
decentralized wastewater treatment
systems; and (4) the lack of social
acceptance.

Public awareness programs have, up
until now, ignored the issue of promoting

TWW use. Hence, the government
should invest in public awareness
programs that focus on explaining
wastewater treatment and reuse. Other
areas for missing investment include:

(i) reducing TWW losses through
infiltration and evapotranspiration (e.g.
King Abdullah Canal) and enhancing
TWW transportation and storage;

(i) establishing an independent unit to
monitor the decentralized and semi-
centralized wastewater treatment plants
and create an official database of these
facilities; (iii) passing new official
guidelines concerning registration,
notification, supervision and
performance evaluation, as well as
developing a mechanism that can be
used to monitor effluent quality and the
end use of TWW; and (iv) enhancing the
performance of certain centralized
wastewater treatment plants (CWWTPs)
to comply with the current Jordanian
reuse standard (JS 893, 2006).

This study will give an overview on the
actual amounts of TWW and existing
reuse practices in Jordan. By using
Geographical Information Systems 33
centralized wastewater treatment
systems that serve communities bigger
than 5000 PE have been mapped and
the actual amount and quality of TWW
(about 163 MCM in 2018) and its reuse
is discussed, and the best practice
examples for the reuse of TWW and
biosolids in Jordan are presented.

Furthermore, 85 treatment systems
serving communities, hotels, individual
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houses smaller than 5000 PE have been
identified.

These study results should serve as the
basis for the establishment of a national
inventory, in particular, for decentralized
wastewater treatment and reuse
systems, which facilitates the
coordination of permit procedures and
control measures in Jordan.

Furthermore, there are two main critical
policy measures which are discussed
that can improve the current situation
and be used to overcome the previously
described challenges. The first policy
measure is related to the development
and approval of an institutional
framework for Sanitation Safety
Planning (SSP) and the subsequent
development and employment of SSPs
for different catchment areas in
accordance with the IWRM principles
presented in the National Water Strategy
2016 — 2025 (MWI, 2016a). Sanitation
Safety Plans would consider all
agricultural inputs to prioritize hazards
and define control measures that would
minimize the identified risks. This
approach would facilitate the
implementation of new standards that
would define the budget for wastewater
treatment and TWW reuse technologies.

This is important as investments in
wastewater treatment have previously
proven futile due to contamination later
in the process. Moreover, SSPs would
coordinate actions related to wastewater
management which will reduce the
existing burden on the Water Authority
of Jordan (WAJ) and result in clearly
defined responsibilities and interfaces
among the specified controlling bodies
and stakeholders. The second policy
measure focuses on introducing a more
integrated wastewater management
approach that is based on the concept of
a circular economy, i.e. the value
creation process includes various waste
streams. This approach would ideally
result in cost recovery and improved
societal acceptance of wastewater
treatment plants (WWTP) facilities in
local communities. Resource recovery
facilities or green facilities — could then
be established to encourage
investments.

Such recommendations for more
efficient water management would assist
Jordan in achieving one of the goals for
sustainable development listed by the
United Nations, ‘Ensure access to water
and sanitation for all’ (Goal 6).



Reuse of Treated Wastewater and Biosolids in Jordan |

Adial g (8 4y sllaall ulaall (Gaat) 45 5 jal)
.(893/2006) Alall Zia )1 pladin) sale)
Aladll laSl) e Aale Al s jall o34 adii
AR ale) s laa s Aallaall (o jaall olaal
e slaall alas aladinly s oY) 8 Al
Aallac ddase 33 255 g oA Ad)aal)
a3 il Copaall slae Aallaal 4,5 5
288 5000 e L 3 3 Claainll
Aadlaal) olpall lndll 40l Ailie Caad g ¢ S0
ple o xS e gsle 163 (Jsa) Leie 535
Lealasiinl 33le) a3y ¢ ((MWI, 2018) 2018
olaall aladiid sale Y Al oy ) daLayly
OV 8 slead) 5 Aalledll daslal)

a3 Aallas alai 86 st a3 celld e 3 5Se
Jay Sl Aol J 5l 5 3aliall 5 Claingl)
Uae Ay (S ¢ 88 5000 oo e
Aalleal) Larlal) oluall dae o daliall eyl
AR sale) 5 Lgie i

oY) A Al o il () 5S5 )f any
Aallaal) dadaily Aals duda g 5 ja Al cLESY
ey Lae catlall olsall alasid sale) 5 4y 38 D)
8 A1l g bl el ja) s
oY)

Ll Al s (e il Al ) 2 s
ol gia sl (e (e LegiSay (Al

44 goa gl bl e Calaill Lagaladi
Drsbiy OV Abaud) 8 (et Cum s

8 pall LSl Ll s ] aladel
o3 L5 (eaaall o yeall adls Jalad) sl
>l o pall LBl Llad Cailagiy gkt (4
(ool b 5 Aaliaal) olyal) Cilrans (3halie
olaall dyika ol dunl i) L Al [WRM
o pall 4Dl Ll Hhiis 2016-2025
apal Ao | 3l O s (G oaal)

JIE A A0l das s lalaal) il
Oe el 138 Lge 5 (Sadll (e Al Hlalad) (g
a3 Ll (e Bana yulae 2 Jeaw of 4l
sale) 5 oanall (o jall el dadled 4l 3

ol 138 iy dalleall daslall alall alasil
slae Aallaa b < jlafinl) Ciidl Cus cage

G U8 e ane e Ll aall o peal)
asfin @l e 3 dle EaY Juany (53 & k)

uadlall

Ly 8 Jlai g o g9 3l J g0 (e uaal) a8
saill g Al jaliaall 3 0 (Blaii Cibass

G el gl AL sl 5 oSSl
daliatuadl sball of dallaall daslall slpall alainl
Dbas g iy HuadS dleliall Calisa 8
1A e A gall Cuald ¢l gl (3 Al oludl)
Ldall olad) Of (e 7 g g2 i s a2
L, Ll &5 o Gamgy (5l (3 Aediiiasal)
35 USae ¢lld (S LalS dallaall daaladl olially
il gall Iy 8 Lay -l sl e el i3

— ALl 5 Al 5 dpe Laia W) 5 A el 5 Akl
i) med e e

glhadl) 8 daliaiiaal) slpall Caeriind Sl

&I S5 s dia Y1 8 o)l

- 0l olaall jalias gl ga D (e o I
Y gl e S IS5 A sl 1aa
s, Az ulS i) alaainy) sale] ddlaa)
Aalatuall obuall jiluall alafin) J) 3 Y celly
(1) :Siaecbanill e 3=l daal 55 (LS e
s (Dl sl a5 55) A pall 45230
pladiny) sale) Jalad 8% 5 avaal 23gT Lo ) o0
el Al bl sall/ yulaall (2) ¢alladl)
Bale) 5 dalled) cilladadia slac) die dayial)

355 (& ol (3) ¢ pia Glai e pladiuy)
Al aladinl (ge 2 Las e JSE) dae (33m
Jaill axe (4) 5 ¢l 5 @ad e 4y 53U
=Ly

o e Aalad) Ao 51 ol clalas il
e e by Asbiaiial sbuall alasiul
) Adlal) G il el A L) A sSall
e>all o uall sl Aallas 7 50 e S 5
ld Wlizail) aal (e Ui g Lgaladind sale )
Aadlral) Aadtal) slall (g 8L 5 (1) ;ALall
38 8 Jall s LS Al 5 2L V) Gy ke e
Aaalall olaall (3835 J& 30 5a% 5 ) e L
48yl Aliise A3 fo2a 5 £ L) (2) challndll
43S a2 aall Cojeall lpe Aallre cilaas
o3¢d Agans ) by Bacl8 ¢ L) 5 43S jall
U seady Bada Cliial se 1 i) (3) ilas)
Al g5 IS 5 el s g ol S 5 Sl
A el sball dpe 53 A8 al Lgalasind (S

(4) aatiadl Ladtall oliall el aladiu¥l
Fadlad) slaall Aallas cillana (any ool Gprua



Reuse of Treated Wastewater and Biosolids in Jordan |

Gl e oL 3 3y Sy Adaall Cacinall el ja Yl apiady oaall Cipeall Zedls Jalad
gl - el i) Ll i o aadl Sl e I g g eankadl Ll 5yl il
DA (e ot 138 aed (e Cum ST i ) (52585 sladd) Al e el ecall

ST alae s ) dilin) dlae cailday s Glaal 5 saanall Clisell (o S5 asal
Aadledll sl 5aY Bl e 5K i Al S el Ll Aalad)
Al oladl 53] e b ol oi seln o) el a5 Y DS ST e Ja

Glaal (e ol Cangll Gias Ll (091 b circular ) s il JLaBY) o seho o ading

aatal e Lgia ol () el el gl 1 g2 of Jds «(economy
sl Gi gl g ol e J el e Gl pcinall J g (a5 IS 3 i
- . " oenll &b eanal) Capall slie Aallas Cillass



Reuse of Treated Wastewater and Biosolids in Jordan |

Data Collection and Validation

The data used in the presented study
were collected by the WEE Pros GmbH
with the support of the NICE-Office in
Jordan by means of literature reviews,
meetings with stakeholders and field
visits. Relevant technical data from
literature and reports developed by the
Ministry of Water and Irrigation (MWI),
Water Authority of Jordan (WAJ),
Ministry of Health (MoH), Ministry of
Environment (MoEnv), Water Users
Association (WUA), donors such as the
German Agency for International
Cooperation (GlZ), United States
Agency for International Development
(USAID), the United Nations (UN), and
other Non-Governmental Organizations
(NGOs), along with water utility and
various private companies were
reviewed and summarized.

After the data collection process, the
entire dataset was validated to ensure
reliability and that it can be presented in
the most accurate manner. Data
validation was done by comparing
received and gathered data with
available data, the literature review,
official publications and reports, which
were published by other
projects/organizations. Interviews with
relevant persons at WAJ and the
Miyahuna Water Company were also
part of the data validation process.
Geographical data were validated by
using GPS coordinates as well as
software and Google Earth. The data
concerning centralized wastewater
treatment plants (CWWTPs),

decentralized wastewater treatment
plants (DWWTPs) and biosolids
management and reuse are
summarized.

Various meetings with different
stakeholders were conducted with the
purpose of gathering missing data,
updating old information and verifying
the available data. The stakeholders
included the Municipality of Greater
Amman, Water and Agriculture
Department, WAJ, Housing and Urban
Development Corporation, GIZ,
NAWCO, MoA, National Agriculture
Research Center (NARC), Jordan
University of Science and Technology
(JUST), MoH, Royal Scientific Society
(RSS), and the Inter-Islamic Network on
Water Resources Development and
Management. Moreover, 13 site visits to
farms were conducted. The aim of these
visits was to collect data which describe
cropping patterns, cropping yields, as
well as the irrigation systems applied by
farmers.

GIS-based analysis

Geographic mapping using Geographic
Information System (GIS) was
performed at the national level to
present available data for CWWTPs and
DWWTPs, including reuse purposes and
locations in Jordan. The development of
the Geo-Database System comprised
the following activities:
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=  GIS data received from NICE
Office, literature review, and
technical reports, GIS acquisition
from field visits, GIS survey
administration and an analysis of
the results;

Design and creation of a
comprehensive geo-database
using GIS; and development of
national thematic layers and maps
that illustrate different figures,
statistics, descriptions and info-
graphical designs.
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Introduction
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ordan is a nation burdened by
J extreme water scarcity, a factor

which has always been one of

the biggest barriers to the
country’s economic growth and
development. Jordan has one of the
lowest levels of water availability per
capita in the world and, as such, is
constantly being challenged by water
shortages. In addition, meeting water
demands has become more difficult due
to climate change.

The average annual per capita
renewable water share does not exceed
100 m? (Halalsheh et al., 2018a), which
is far below the global threshold for
severe water scarcity (500 m® per capita
per year). Challenges related to water
scarcity have recently been aggravated
by an influx of refugees, which is related
to ongoing political unrest in the region.
Furthermore, water scarcity challenges
are exacerbated by the worsening
drought conditions associated with
climate change.

Jordan has very limited freshwater
resources and is classified as a semi-
arid to arid country, e.g., annual rainfall
of less than 200 mm over 92% of the
land. The country comprises

89.297 km?, with 92% of the area
considered to be desert/rangeland.
Groundwater is the main source of
freshwater in Jordan. However, more
than 50% (301 MCM/year in 2016) of the
total groundwater abstraction is
considered unsustainable due to over-
exploitation or abstraction from non-
renewable fossil aquifers. Furthermore,
the indirect disposal of untreated
wastewater through cesspools or leaking
sewer systems has further jeopardized

10

the quality of country’s scarce
groundwater resources.

Moreover, competition among the
domestic, agricultural and industrial
sectors seriously burdens water
sustainability. However, only 5% of the
land receives enough rainfall to support
cultivation. Even though farmers irrigate
less than 10% of the total agricultural
land, agricultural water requirements
accounted for around 52% of national
water needs - estimated at 571 MCM
(MWI, 2018). This is controversial
because the agricultural sector only
contributed 3 — 4% to gross domestic
production (GDP) in 2013 (MWI, 2016a).

Current efforts aiming to improve the
performance of the Jordanian
agricultural sector mainly focus on the
sector’s productivity, efficiency, and
responsiveness to changing
environmental conditions, such as
decreases in soil quality and water
supply (Sidahmed et al., 2012). It is
important to note that 28.6% of the
irrigation water used in Jordan is
covered by TWW (Table 1).

Table 1 Irrigation water supply (in MCM) by water
resource in 2017 (MWI, 2018).

Irrigation use Percentage of

Water resource

(MCM/year) water resource
Surface water 154.4 27.0%
Groundwater 253.2 44.3%
Treated wastewater 163.4 28.6%

Total 571.0 100%
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1.1 Wastewater sector in

Jordan

Despite facing severe challenges in
water supply, Jordan has managed to
provide approximately 67% of its
population (5.8 million inhabitants) with a
sewerage network (MWI, 2018).
Furthermore, the reuse of TWW in
agriculture is a well-established practice
and has been identified as a priority by
the government. A large amount of the
TWW is used for agricultural production
and, in most cases, is mixed with
freshwater resources. However, this
figure does not consider the losses
through evapotranspiration and
infiltration, among others, which have
been shown to nearly halve the TWW
supply (MWI, 2018). The rest of the
population is served by onsite
management systems, which mainly
consist of cesspools, where unwanted
infiltration of unpurified wastewater leads
to serious contamination of the
groundwater. The Government’s
strategy for wastewater collection and
treatment is relatively comprehensive:
there are 33 CWWTPs under the
jurisdiction of the WAJ, which are
expected to treat 240 MCM/year by
2025 to contribute approximately 16% to
the total water budget. The treatment
process includes “as a minimum
secondary biological treatment is applied
and about 70% of the collected
wastewater goes beyond and receives
tertiary treatment” (Halalsheh et al.,
2018a).

The development of the wastewater
sector also involves the adequate

treatment, discharge or reuse of
biosolids.

The reuse of biosolids may be possible
in the future, but only if the quality of the
biosolids is compatible with Jordanian
Standards (JS 1145, 2016). Currently,
sludge is not stabilized in most WWTPs.
In general, biosolids are dried in so-
called sludge drying beds and are either
stored at the WWTP or transported to a
landfill (AECOM, 2014).

According to the National Water
Strategy 2016 — 2025, wastewater shall
not be managed as waste but as a non-
conventional water resource (MWI,
2016a). It shall be collected and treated
to standards that allow it to be reused in
agriculture (unrestricted irrigation) and
other non-domestic purposes, including
groundwater recharge (Barcel6 et al.,
2011). The National Water Strategy,
which recommends an overarching
monitoring and evaluation policy for the
performance of the water sector, further
aims to revise the institutional and legal
frameworks to streamline wastewater
management.

1.2 Challenges in the water

sector of Jordan

Treated wastewater has been reused in
the Jordan Valley (JV) since the early
1980s. When considering how other
countries in the MENA region use TWW
for agricultural production, Jordan still
faces challenges that can be
categorized under two issues. The first
issue is related to the increased demand
in wastewater collection and treatment.
This issue also covers the lack of

11
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available (economically viable) services
in the scattered communities of rural
areas and in the rapidly expanding peri-
urban areas. The lack of such services
severely impedes the full utilization of
wastewater and, perhaps more
importantly, the prevention of potential
groundwater contamination. The high
investment costs associated with
conventional wastewater collection
systems hindered the expansion of
sanitation services to such communities.
The only feasible solution would be the
adoption of a new paradigm that
proposes decentralized sustainable
sanitation options as the core approach.
A decentralized sanitation system
integrates a variety of approaches for
the collection, treatment, and
disposal/reuse of wastewater from
individual households, industrial sites,
institutional facilities, clusters of homes
or businesses, and entire communities.
The main advantage of this type of
system is that it can service areas that
cannot be managed by centralized
wastewater systems due to technical
and financial constraints.

The second issue is related to the
current policy, and comprises aspects
such as the lack of socio-cultural
acceptance, relatively limited
government support, and the absence of
a legal framework and related
institutional arrangements. The science-
policy interface is also indirectly linked to
the limited valorization of wastewater in
Jordan, as the inadequate collaboration
between scientific experts and
government entities means that
technological advances are generally
only adopted after a significant delay.
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Demonstration projects, as well as
improved communication and
coordination, are required to accelerate
the application of beneficial new
concepts.

1.3 Wastewater reuse in

Jordan

The scarce supply of water in Jordan
has forced the MWI to pass a water
management strategy that emphasizes
the reuse of TWW as an additional water
resource and method to improve the
efficiency of water usage. Wastewater
reuse has been included in the National
Water Strategy since 1998 and the
government has demanded that every
new wastewater treatment project
includes an investigation of reuse
options. Guidelines for various reuse
options were issued in 1995 (JS 893,
1995), while revised, and more stringent,
standards were enacted in 2003 (JS
893, 2002); for example, it is prohibited
to irrigate vegetables that will be eaten
raw or recharge aquifers for potable use.
The use of sprinklers for irrigation with
TWW is only allowed at golf courses
when irrigation is practiced during night.
Further revisions in 2006 specified the
quality standards for wastewater to be
discharged into wadis/streams or used
for irrigation (Table 2). include advice on
irrigation practices and human exposure
control (Kramer et al., 2007).
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The standard JS 893 (2006) is currently
under review by JSMO (Jordan
Standards and Metrological
Organization) and is expected to be
published in 2020.

The past ten years have been defined
by large investments for the construction

of WWTP as key facilities for the
implementation of water reuse
strategies. The National Water Strategy
2016 — 2025 envisions that all TWW
should be used for irrigation, as well as
includes provisions for greywater reuse
and rainwater harvesting at the domestic
scale.
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Table 2 Quality characteristics of treated wastewater to be used in irrigation and to be discharged to
streams, wadis and water bodies according to JS 893 (2006).

Parameters Maximum allowable limits
Discharged to
Irrigation streams, wadis &
water bodies
Unit Vegetables Fruit trees, road Field crops, Cut flowers

cooked, parks, outside cities & industrial crops

stadiums & green & forest trees

side roads landscapes

within cities
Class A B C
BOD 30 200 300 15 60
COoD 100 500 500 50 150

mg/|
DO 22 - - 22 21
TSS 50 200 300 15 60
pH unit 6-9 6-9
Turbidity NTU 10 - - 5 -
NO3 30 45 70 45 80
mg/|

TN 45 70 100 70 70
E. coli MPN/100mI® 100 1000 - <11 1000
Intestinal
Helminthes Egg/l <1 < 01
Eggs
O gy : z ;

BOD: Biochemical Oxygen Demand; COD: Chemical Oxygen Demand; DO: Dissolved Oxygen; TSS: Total
Suspended Solids; NO3™: Nitrate; TN: Total Nitrogen; E. coli: Escherichia coli; ®Most Probable Number per

100 ml.

Treated wastewater is used for restricted
irrigation, while blended water (TWW
mixed with rain water/freshwater) is
mainly used in the Jordan Valley for the
unrestricted irrigation of different fruits
and vegetables. Drip irrigation systems
show relatively high efficiency and can
save significant amounts of water, which
is relevant to the severe water shortages
of Jordan. Moreover, Jordan is currently
trying to improve water availability by
influencing water demand behavior,
optimizing water transfer and allocation,
reusing TWW in irrigation, and providing
additional freshwater sources by
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desalination. The Government of Jordan
(GoJ) has recently developed and
adopted several policies that specifically
focus on wastewater reuse. For
example, the Water Substitution and
Reuse Policy was drafted to alleviate the
pressure caused by water shortages.
Additional policies — such as the Water
Reallocation Policy and the
decentralized wastewater management
(DWWM) Policy — are all part of the
National Water Strategy 2016 — 2025
(MWI, 2016a). The MWI is currently
developing action plans for these
policies that would optimize the
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management of Jordan’s scarce water
resources.

— Farmers agreement

Fields of crops and olive trees are
irrigated with TWW in the surrounding
areas of the CWWTPs. In regard for
providing farmers with TWW for
irrigation purposes, an agreement with
MWI/WAJ has to be signed. The WAJ
has entered into 263 agreements with
farmers which specify that the water is to
be directly used for either fodder crops
or trees (mainly olive trees) (Table 2).
The farmer-WAJ agreement defines the
amount of water that each farmer will
receive, as well as defines the roles and
responsibilities of each party. The
agreement includes the following main
clauses:

=  The “Farmer’ will be responsible
for abstracting the defined quantity
of TWW from the location defined
by MWI/WAJ, through pipes using
natural flow or via pumping
according to the specifications
defined by the WAJ. The
abstraction must be performed in a
way that protects both the
environment and public health.
The cost of electricity used in
pumping operations will be the
responsibility of the farmer.

»  The “Farmer’ is committed to pay
the amount of 40 Fils per m® as the
cost of the consumed water in
addition to 10 Fils/m® as a
contribution for the electricity cost,
paid to the Authority within one
month of receiving the invoice.

The “Farmer” is committed to use
the TWW for irrigating fodder
crops and in restricted irrigation,
and not to use the TWW for
irrigating vegetables that can be
eaten raw. In the case of maize,
the “Farmer’ is committed to
harvesting the crop before its
maturity and using it as a food for
livestock. Overall, all of the
products irrigated by TWW should
be consistent within JS 893
(2006). Any violation will give
MWI/WAJ the right to terminate
the agreement without
compensation.

The “Farmer’ can be expected to
know that the provided water is
TWW that may contain
microbiological pollutants; hence,
its purity and chemical composition
cannot be controlled. Accordingly,
MWI/WAJ is not responsible for
changes in the chemical, physical,
biological and/or microbiological
characteristics of the TWW. Thus,
farmers should be aware of the
results of the TWW analyses
provided by the WAJ.

15
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— Applied irrigation systems

There is currently a vast array of
irrigation systems available. It is not a
technical challenge, however, it is more
an issue of hygiene and health
precautions (DWA, 2019).

One of the challenges are that even if
proper irrigation systems are in place
often the systems are influenced by a
lack of supplies, neglected maintenance,
poor quality monitoring and
management that could lead to
"microbial re-contamination" of the
irrigation water (DWA, 2019).

The choice of system is influenced by
the type of crops, soil and irrigation
water quality, and must ensure a uniform
distribution of water.

Many irrigation methods are applied in
Jordan, including border/surface-
irrigation, drip-irrigation, and sprinkler
irrigation systems. These systems are
mainly used to irrigate fodder crops,
olive trees, and urban landscapes in
close proximity to CWWTPs with TWW.

Border/Surface irrigation

This system relies on furrows in the soil
that allow water to pass and irrigate
crops. Border irrigation systems use a
flat basin (furrow) with a gentle slope
and edges to ensure that all the plants
receive water.

Advantage: washing down salts when
using saline water such as TWW.

" According to JS 893 (2006), TWW is only allowed to
be used for golf courses when irrigated during night.
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Disadvantage: direct human contact and
low water efficiency by infiltration and
evaporation.

Drip irrigation

Drip or trickle irrigation uses a pipeline
network to distribute water among crops.
In this system, water is conveyed drop
by drop to the root zone of plant. This
system can be the most efficient method
of irrigation, as evaporation and runoff
are minimized when the system is
properly managed.

Advantage: Further reduction of
pathogens (WHO, 2006c¢) and limited
risk for direct contact.

Disadvantage: Salt accumulation in
upper soil layer due to reduced
infiltration.

Sprinkler irrigation’

In sprinkler irrigation systems, water is
transported to one or more central
locations within a field and distributed to
crops by overhead sprinklers.

Advantage: Water use efficient.

Disadvantage: Formation of aerosols
and higher risk of direct contact with
TWW; high water quality required.
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he data from MWI reports were
complemented with field visits

I and meetings to gather relevant

information.

The collected data demonstrated that
the WAJ is currently responsible for 33

CWWTPs (Table 3; Figure 1). There
are 11 CWWTPs in the Northern
Governorates, 12 CWWPTs in the
Middle Governorates, and 10 CWWTPs.
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Figure 1 Locations of the 33 centralized wastewater treatment plants in Jordan.

Around 90% of the wastewater is
produced in the middle governorate, as
this is the region where most of Jordan’s
population is concentrated. When
accounting for the minor quantity of
TWW that is reused in the vicinity of
WWTPs, about 80% of TWW is only
reused after being discharged to wadis.
The TWW used for irrigation is primarily
meeting Class C of JS 893 (2006)
(Table 2).
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Of the 33 CWWTPs currently in
operation in Jordan, the Al-Sharea’a
facility, Mansorah and Shobak WWTPs
are classified as CWWTPs according to
the annual reports from MWI and WAJ.
However, based on the design capacity
of these WWTPs and according to the
DWWM Policy (MWI, 2016b) — in which
decentralized wastewater treatment
systems are specified as having a
design flow equivalent to < 5.000 PE or
a hydraulic capacity of

< 182.500 m®/year (calculated with a
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specific wastewater production of 100 |
per person per day) — these WWTPs

should be classified as DWWTPs.

Furthermore, Al-Sharea’a is rather a
facility that is only used for
cleaning/washing filters.

Nevertheless, the 33 CWWTPs
classified according to WAJ will be used

in this study.

Table 3 Available data for centralized wastewater treatment plants in Jordan (MWI, 2018; UNHCR,

2018).
MCM/ year
1 Irbid North Shouna 0.4 0.2 0.2 0 0 0 0.2 0
2 Irbid Wadi Arab 7.7 4.6 4.5 0 0 0 4.5 0
3 Irbid Irbid Center 4.0 3.0 2.9 0 0 0 2.9 0
4 Irbid Ramtha 2.7 1.6 1.4 1.4 0 0 0 0
5 Irbid Wadi Shallaleh 5.0 3.1 2.9 0 0 0 2.9 0
6 Mafraq Ekedar 1.5 0.8 0.7 0.7 0 0 0 0
7 Jarash Me'yrad 3.3 1.6 1.6 0.5 0 0 1.1 0
8 Irbid Wadi Hassan 0.6 0.5 0.4 0.4 0 0 0 0
9 Mafraq Za’atari Camp 1.3 0.5 0.5 0.5 0 0 0 0
10 Mafraq Mafraq 2.2 1.4 1.4 1.4 0 0 0 0
1 Ajlun Kufranja 3.1 1.3 1.2 1.0 0.2 0 0 0
12 Balga Tal Mantah 1.8 0.1 0.1 0 0 0 0.1% 0
13 Balga Baga'a 5.4 5.3 51 0.4 0 0 4.7 0
14 Balga As-Salt 2.8 3.0 2.8 1.0 0 0 2.8 0
15 Balqa Al-Sharea‘a - - - - - - - -
16 Balga Fuheis-Mahes 1.5 1.17 1.0 0.3 0 0 0.7 0
17 Zarqa Azraq Camp 0.3 0.1% 0.1 0.1 0 0 0 0
18 Zarga Samra 130 125.8 115.7 10.0 0 0 105.3 0
19 Amman Abu Nuseir 1.5 1.2 1.2 0 0 0.2 1.0 0
20 Amman Jiza 15 0.3 0.3 0.3 0 0 0 0
21 Amman South Amman 29.0 4.9 4.8 1.1 0 0 3.3 0.4
22 Amman Wadi Esseir 17.5 1.8 1.8 0.8 0 0 1.0 0
23 Madaba Madaba 2.8 2.7 2.3 2.3 0 0 0 0
24 Karak Karak 0.7 0.5 0.5 0.5 0 0 0 0
25 Karak Lajoon 0.4 0.7 0.3 0.1 0 0 0 0
26 Tafileh Tafila 2.7 0.7 0.7 0 0 0 0.7 0
27 Ma'an Mansorah 0.02
28 Ma'an Shobak 0.1 0.1 0.1 0.1 0 0 0 0
29 Ma'an Wadi Mousa 1.2 1.0 1.0 1.0 0 0 0 0
30 Ma'an Ma'an 2.1 0.9 0.5 0.5 0 0 0 0
31 Karak Mutah-Mazar 2.6 0.5 0.4 0.1 0 0 0.3 0
32 Agaba Agaba-Mechanical 4.7 4.6 4.5 1.7 0 0 0 2.8
33 Agaba Agaba-Natural 3.0 2.6 2.5 0 0 1.9 0 0.6
Total: 163.4 26.1 0.2 1.9 131.4 3.8

& UNHCR (2018); $ TWW is stored in evapotranspiration ponds. N/A: not available; MCM: Million cubic meter.
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2.1 Northern Governorates

There are 11 CWWTPs in the Northern
Governorates (Figure 2). These
WWTPs produce a total TWW quantity
of 17.7 MCM/year, with 6.9 MCM of this
amount directly reused each year. The

35 35 5 35 36

remaining TWW, which corresponds to
11.6 MCM and is mainly produced by
Wadi Arab, Irbid Center, Wadi Shallaleh
and North Shouna, is indirectly reused
and discharged to wadis leading to the
Jordan river (Table 3).
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Figure 2 Locations of the centralized wastewater treatment plants in the Northern Governorates.

In the Ramtha, Wadi Hassan, Kufranja,
Za'atari Camp, Mafraq and Ekeder
facilities, 100% of the TWW is currently
used for direct agricultural irrigation
purposes. In contrast, only 31% of the
TWW produced at the Me’'yrad CWWTP
is directly reused for irrigation while 69%
is indirectly reused through discharge to
wadis.

It is important to note that none of the
TWW produced at the North Shouna,
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Wadi Arab, Irbid Center and Wadi
Shallaleh facilities is used for direct
irrigation purposes (Figure 3). Areas
that are directly irrigated with TWW are
mainly found around the Ramtha,
Ekedar, Wadi Hassan, Kufranjah and
Mafraq facilities, while the TWW from
the North Shouna, Wadi Arab, Irbid
Center and Wadi Shallaleh facilities is
only used for indirect reuse.
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In terms of TWW quality in the Northern
Governorates, the BODs, COD and TN
values of the effluents from CWWTPs
are all below their respective maximum
limits (Class C). An exception is the
Ekedar WWTP, where BODs, COD and
TN values all clearly exceed the
maximum limits. The E. coli
concentrations were generally higher
than the permissible limits for discharge
to streams, wadis and water bodies (JS
893, 2006) at locations where indirect

use is present. This refers to the
following facilities: Irbid Center: BODs,
COD, E. coli; Wadi Shallaleh: COD,

E. coli; North Shouna: COD, TN, E. coli;
and Wadi Arab: E. coli.

Treated wastewater is distributed among
farmers according to the signed
agreements with the WAJ, with the
allocated water quantity proportional to
the irrigated area (Annex Figure 1).
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Figure 3 Treated wastewater reuse purposes in the Northern Governorates.
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For instance, TWW from the Ramtha The irrigated areas surrounding the
CWWTP is distributed among 20 Ekeder, Wadi Hassan, Kufranja,
farmers who manage a total irrigated

) Me’yrad, Ramtha, Mafraq and Za'atari
area of 1182 du (Annex Figure 4).

camp facilities employ border irrigation
systems (Figure 4).
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Figure 4 Irrigation systems in place for direct TWW reuse in the Northern Governorates.
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2.2 Middle Governorates

The WAJ states that the Middle
Governorates operate 12 CWWTPs.
However, the Al-Sharea'a WWTP is only
a station for cleaning filters; therefore, it

should not be considered a CWWTP
and is not displayed in Figure 5.

Facilities in the Middle Governorates
produced a total of 135.2 MCM of TWW
in 2017 (Table 3; Annex Figure 2).

vTaI Mantah
) Balqga Baga'a ¥
As-Salt

Fuheis-Mahes

WV Wadi Esseir

Madaba
v

Jiza

South Amman

Madaba

\\

Amman

v
Azraq Camp

E Legend
V¥ cwwrr

Surface Water Bodies

3

T T T T T
35 35 35 35 36 36

T T T
36 36 36

Figure 5 Locations of the centralized wastewater treatment plants in the Middle Governorates.

Of the 16.6 MCM that is reused directly,
16.2. MCM was used for
irrigation/lanscaping and 0.4 MCM was
used in industry, while the remaining
TWW (118.8 MCM) was discharged to
wadis leading towards King Talal Dam
(Table 3; Annex Figure 5).

All of the effluent from the Madaba, Jiza
and Azraq Camp CWWTPs is used for
direct irrigation, while significantly
smaller amounts of TWW produced at
the South Amman, Wadi Esseir, Fuheis-
Mahes, As-Salt, Samra and Baga'a

CWWTP are directly reused in irrigation.
In terms of the quality of the TWW used
for direct irrigation, the BODs, COD,
TSS, TN, and Nitrate concentrations are
all below the maximum limits of Class C
of JS 893 (2006).

The majority of the TWW produced by
CWWTPs in the Middle Governorates is
not directly reused in the vicinity of the
WWTPs, and several TWW quality
parameters often exceed the permissible
limits for discharge to streams, wadis
and water bodies (JS 893, 2006).
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Examples include Tal Mantah (BODs, rain water harvested at the King Talal
COD, TSS, TN; E. coli), Wadi Esseir Dam (Figure 6).

(COD; TSS, TN; E. coli), South Amman,
As-Salt, Baga’a and Fuheis-Mahes for
E. coli.

Currently, the TWW for direct irrigation
(9%) at the Samra CWWTP is
distributed among 55 farmers who

The TWW produced at the Samra manage a total irrigated area (direct
WWTP is mainly indirectly reused (91%) irrigation) of 2281 du (MWI et al., 2017);
in the Jordan Valley after blending with (Annex Figure 5 ).
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Figure 6 Treated wastewater reuse purposes in the Middle Governorates.
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irrigation systems are used for other
types of crops (Figure 7). At the Samra
and South Amman WWTP sprinkler
irrigation systems are used, although not
allowed according to JS 893 (2006).

Drip and furrow irrigation systems are
the most commonly used irrigation
system in the Middle Governorates,
accounting for about 90% of the
irrigation of forage crops, while border
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Figure 7 Irrigation systems in place for direct TWW reuse in the Middle Governorates.
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2.3 Southern Governorates

The 10 CWWTPs in the Southern
Governorates are shown in Figure 8.
The Mansorah and Shobak WWTPs are
classified as CWWTPs by the WAJ;
however, according to the DWWM
Policy (MWI, 2016b), they should be
classified as DWWTPs based on their
design capacity. These WWTPs produce
an annual total of 10.5 MCM of TWW.
The majority of this TWW quantity is
produced by the Agaba-Mechanical

(4.5 MCM/year) and at Agaba-Natural
(2.5 MCM/year) facilities (Table 3;
Annex Figure 3). Relative to the North

34
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and Middle Governorates, significantly
more effluent is used for industrial
purposes (32%) in the Southern
Governorates. Of the remaining TWW,
around 38% is used for irrigation, 18% is
used for landscaping and 10% is
discharged to wadis. The effluent that is
used for industrial purposes mainly
stems from the Agaba Mechanical (62%
of the effluent is used for industrial
purposes), and Agaba Natural (24%),
WWTP (Figure 9; Table 3). The
industrial applications are limited to the
concrete, paper and iron industries.
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Figure 8 Locations of the centralized wastewater treatment plants in the Southern Governorates.
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All of the TWW produced at the Ma’an,
Karak, Wadi Mousa and Lajoon WWTPs
is used for direct irrigation, while 100%
of the TWW from the Tafila and Shobak
WWTPs, and 75% from Mutah-Mazar
WWTP, is discharged to wadis (indirect
reuse; Figure 9).

Several CWWTPs produced TWW that
did not meet certain quality parameters
according to Class C of JS 893 (2006):
Karak (BODs, COD, TN) and Lajoon
(Nitrate).
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Furthermore, several WWTPs produce
TWW that does not meet the standards
for discharge to streams, wadis and
water bodies (JS 893, 2006); namely,
the TWW produced at the Tafila
CWWTP exceeds the maximum levels
set for BODs, COD, TN, and E. coli,
while the TWW produced at the Mutah-
Mazar CWWTP exceeds the maximum
level for TN and E. coli.
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Figure 9 Treated wastewater reuse purposes in the Southern Governorates.

27



Reuse of Treated Wastewater and Biosolids in Jordan |

The TWW produced at the Ma'an

irrigation system currently in use in the
Southern Governorates is border

CWWTP is distributed among nine

farmers who manage a total area of

362.7 du (Annex Figure 6).

The WAJ has allocated 3 m®

irrigation, which is used to irrigate forage
crops. Drip irrigation is used in smaller
fields of forage crops and in landscaping

TWWper  (Figure 10).
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Figure 10 Irrigation systems in place for direct TWW reuse in the Sothern Governorates
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24 Biosolids Management

at CWWTPs

Issues related to the management and
reuse of biosolids became prevalent
after the stabilization ponds at the
Samra WWTP were replaced with an
activated sludge system in 2009. Other
treatment plants, which originally used
stabilization ponds, are undergoing
similar changes. However, the most
serious management issue is related to
Samra WWTP, which produces around
127 t/d of stabilized sludge (biosolids)
(AECOM, 2014). Currently, the biosolids
produced at Samra WWTP are stored
on-site until other management options
can be considered. The company that
operates and maintains the Samra
WWTP claims that the plant will be able
to store all of the produced biosolids for
the entire contract period of 22 years.
The current management practice for
biosolids — following their removal from
lagoons - is further compression and
storage in an on-site “mono fill’ landfill.
Although this may be economically
feasible, it obviously cannot be
considered a sustainable option. Other
treatment plants discharge biosolids to
landfills. The Ekedar landfill receives
both liquid and solid waste, but already
suffers from overloading and many other
environmental problems, such as
leachate - which represents a serious
threat to local aquifers. This
demonstrates that sustainable biosolids
management options should be
developed for both centralized and
DWWTPs in Jordan. This issue is highly
relevant to both existing WWTPs and
planned treatment facilities.

Figures 11-13 show the sludge
projections for CWWTPs in Northern,
Middle, and Southern Governorates in
2015, 2020 and 2025, respectively.
These figures are based on data from
the Kingdom Wide Biosolid Management
Plan, which was coordinated by
(AECOM, 2014). The figures clearly
show that biosolids production is
increasing rapidly in all of the cities
across Jordan. However, there is no
new available data regarding sludge
production at Jordanian CWWTPs.

In Jordan, the standard JS 1145 (2016)
regulates the production, transportation
and reuse of biosolids. The standard
only allows biosolids to be used for
improving the soil quality of rangelands
or to be disposed in landfills. The current
standard classifies biosolids into three
classes and delimits the final fates of
each class. According to the Jordanian
Standard, Type /Il sludge can only be
transported to sanitary landfills, while
Type | and Type Il sludge can be used
as a soil amendment in rangelands. The
standard makes no clear distinction
between Type I and Type Il sludge in
terms of selected crops, rates of
applications, and conditions of
application. The maximum rate of
application for both Type I and Type Il
sludge is 6 tons/ha per year, and soil
amendment with biosolids can only be
performed in areas with less than

200 mm of average annual rainfall. An
additional specification is the maximum
moisture content, which has been set at
40% for Type Il biosolids. A moisture
content of 40% would require either
solar drying or a combination of
mechanical and solar drying. It is not
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clear on what basis the moisture content
of Type Il biosolids should be
determined, and no methods for
application and mixing of biosolids are
recommended. Accordingly, it is
recommended to check consistency of
the JS 1145 (2016) for the use and

disposal of biosolids. The standard also
prohibits the use of untreated sludge;
however, no management alternative is
provided.
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Figure 11 Projected production of biosolids (in kg/d dry solids) at CWWTPs in the Northern

Governorates.

However, contrary to the legal
framework of both, the MoEnv
(‘Instructions of Organizing the Storage,
Transport and Treatment of Organic
fertilizers and their Trading for 2009’)
and MoA (‘Instructions for the
Requirements of Licensing, Preparation,
Storage, Handling and Trading of
Fertilizers and Plant Growth Regulator
for 2011°) prohibit the production of
organic fertilizers from biosolids, and
refer to JS 962 (2011).
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According to JS 1145 (2016), the quality
of biosolids is monitored once every two
years when biosolids production is less
than 300 t/year. The quality of biosolids
is monitored by the Ministry of
Environment, with the latest available
results from 2015 (MoEnv, 2018).
However, no further analysis of the
quality of biosolids is currently available.
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Figure 12 Projected production of biosolids (in kg/d dry solids) at CWWTPs in the Middle Governorates.

On an international level, land (Suleiman et al., 2010). The slow
application is still the most widely used  release of nitrogen has been shown to
biosolids management approach. For increase the productivity of crops (Lu et
instance, over 50% of the 6 million al., 2017). Top soil total nitrogen,
metric tons (dry) of biosolids produced in extractable phosphorus concentrations,
the USA are land applied (Brooks et al.,  biomass nitrogen, and readily

2005). mineralized organic nitrogen have all

been reported to increase following
biosolids land application. Biosolids
application was also reported to

increase both plant available water

biosolids land application is the high supply and soil organic matter, as well
nitrogen content, which was found tobe "0y, cq top soil bulk density (Bhogal
around 4% for biosolids from the Wadi et al., 2009)

Mousa and Wadi Hassan WWTPs

Land application is not only relevant for
agricultural production, but also for land
restoration. A clear advantage of
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Figure 13 Projected production of biosolids (in kg/d dry solids) at CWWTPs

Governorates.

In terms of the health-related aspects of
biosolids land application, the vast
majority of literature reviews have
identified certain barriers that prevent
the transfer of enteric pathogenic
organisms to human beings (Lang et al.,
2003; Lajapathi Rai et al., 2008). In fact,
long-term biosolids land application
(over a time span of 20 years) enriched
bacterial diversity (Brooks et al., 2005;
Zerzghi et al., 2010). This is because the
sustainable reuse of biosolids on land
maintains soil health by promoting
bacterial biodiversity, which plays a
critical role in soil processes such as soil
structure, decomposition of organic
matter, toxin removal, and nutrient
recycling (e.g., carbon, nitrogen,
phosphorus and sulfur) (Zerzghi et al.,
2010).
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in the Southern

In the context of Jordan, a clear strategy
that delimits the end uses of biosolids
needs to be developed. Furthermore,
the obstacles to efficient management
that currently exist within Jordanian
regulations need to be removed. It is
important to note that there are
additional opportunities for the reuse of
biosolids than just land application and
landfilling. For instance, biosolids could
be used in cement kilns as an alternative
energy source or in incineration plants
for energy recovery (AECOM, 2014).

The need to find sustainable ways of
treating and recycling large quantities of
carbon- and nutrient-rich sewage sludge
is not only a problem in Jordan, it is
prevalent on a global scale (Breulmann
et al., 2017). An innovative idea of
converting biosolids into a carbonaceous
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material, called biochar, for use as a soil
amendment is promising from both
economic and ecological perspectives
(Breulmann et al., 2015). The
carbonization removes pathogens and
can potentially degrade thermally labile
pollutants, enabling the sustainable
recovery of plant mineral nutrients that
are present at high levels in sludge
(Libra et al., 2014).

To summarize, the land application of
biosolids is an option that is widely
accepted worldwide. However, it is
critical to consider biosolids
characteristics and application rates to
avoid potential negative effects of soil
enrichment, e.g. salinity, metal toxicity
and promotion of weedy and undesirable
plant species Action plans must also be
in place to control point sources of
contamination. The characterization of
biosolids in Jordan has shown that the
biosolids are of exceptional quality with
respect to heavy metals, as the

concentrations of these compounds are
far below the limits specified in JS 1145
(2016) (Suleiman et al., 2010).

However, there is only limited data on
biosolids treatment and reuse, as the
Ministry of Agriculture in Jordan does
not allow biosolids to be used in
agriculture; consequently, there is no
reuse of biosolids in the agricultural
sector. Furthermore, biosolids are not
directly reused for any other purposes in
Jordan. The only exception is the Samra
WWTP, where biogas produced from the
anaerobic digestion of sludge is used to
produce electricity for running the
facility. An additional anaerobic digester
was recently introduced at the Al-
Shallalah CWWTP.

This is part of a wider plan to introduce
digesters at two other CWWTPs (Irbid
Center and Wadi Arab) in order to
reduce electricity consumption and
simultaneously minimize biosolids
volume.
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ased on the available
B information, the 85 DWWTPs

identified in Jordan produced
about 4% of the total TWW flow
(Figure 14; Table 4; Table 5 and
Table 6). Even though these plants
represent a small fraction of the
wastewater management program, they
are nevertheless crucial to protecting
groundwater resources from
contamination. It is important to state
that the calculated percentage could be
significantly higher if all of the DWWTPs
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had been surveyed. Furthermore, these
facilities also contribute to climate
change adaptation measures as
presented in the Climate Change Policy,
published by the MWI in 2016, which
identified solutions and implementation
mechanisms that would assist the
Jordanian Government build resilience
towards the threat of climate change.
The three main levels of resilience
stated in this policy are persistence,
adaptability, and transformability .
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Figure 14 Locations of the 85 identified decentralized wastewater treatment plants identified in Jordan.

According to the Jordanian DWWM
Policy (MWI, 2016b), decentralized
wastewater treatment systems are
defined as having a design flow
equivalent to < 5.000 PE or a hydraulic
capacity of < 182.500 m*/year
(calculated with a specific wastewater
production of 100 | per person per day).
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The Jordanian DWWM Policy is
restricted to domestic wastewater only.
However, this study also includes
industrial WWTPs if they correspond to
the definition of the design flow provided
in the Jordanian DWWM Policy.

Within this study, the 85 DWWTPs were
identified and grouped as follows: Hotel,
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Resorts and Tourism sites; Industry,
Institutions, and Public buildings;
Houses and Additional DWWTPs (see
Table 4, Table 5, Table 6). The list of
DWWTP included the Mansorah and
Shobak WWTPs (see also Chapter 2
Centralized Wastewater Treatment
Plants and Table 6). Furthermore, the
research identified an additional

22 WWTPs that could neither be
considered CWWTPs according to WAJ
nor DWWTPs according to the DWWM
Policy (MWI, 2016b).

The DWWM Policy is an integral part of
the National Water Strategy (2016 —
2025), along with related policies and
action plans. It will be integral to shaping
the Jordanian approach to planning,
implementing and operating DWWM
infrastructure over the next decade. The
policy includes a broad scope, as it
covers the wide spectrum of DWWM
options and describes the many tasks
necessary for successful implementation
and sustainable operation. The policy
mentions that DWWM can significantly
alleviate water scarcity problems by an
estimated 64 MCM/year. Furthermore, a
DWWM system could help avoid annual
health costs from inadequate
wastewater disposal (overflowing
household cesspits, return flow in
sanitary pipes), providing savings of
3.757 JOD (suburb) and 2.652 JOD
(rural) per 500 PE. In addition, the
agricultural benefits (gross margins)

were estimated at 679 JOD/du for
greenhouses and 173 JOD/du for fruit
trees. Additional benefits include savings
from using less fertilizer (1.000 to

3.000 JOD/year) and avoiding the
annual costs for cleaning cesspits
(20.039 JOD per 500 PE; (MWI, 2016b).
The policy estimated that an investment
of 50 million JOD in the DWWM
infrastructure could generate up to 1.250
sustainable jobs in the water sector.

The DWWM approach was envisaged in
the Water for Life Jordan’s Water
Strategy 2008 — 2022 and the National
Water Strategy 2016 — 2025. The
presented strategies reflect the current
Jordanian Policy for the entire water
sector and, with respect to wastewater,
sets the goal of providing adequate
wastewater collection and treatment
facilities for all major cities and small
towns (van Afferden et al., 2010; van
Afferden et al., 2015). The objective of
the DWWM Policy is to sustain
development, public health and
environmental protection, cope with
water scarcity, improve local livelihoods,
provide efficient wastewater services,
improve water quality, and increase the
involvement of the private sector in
wastewater services. An additional
objective was promoting the participation
and ownership of local communities in
improving water and sanitation
management (Lee et al., 2013; MWI,
2016b).
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Table 4 Available data for decentralized wastewater treatment plants in Jordan: Hotels, Resorts &
Tourism Sites and Industry.

No. Gov. Location of WWTP E::ﬂty TWW Year Ownership Operator Reuse
(1000 m®ly)
Hotels, Resorts & Tourism Sites
1 Movenpick Dead Sea 127.8  73.0 2002 Movenpick Dead Sea Own staff Forrestry & ornamental trees
2 Baptism Site 29.2 26.3 2000 Ministry of Tourism - Landscaping & Forestry
3 Ma'in Spring Hotel 73.0 329 1989 Design Associated & Own staff Irrigation
Research Bureau (DARB)
4 Marriott Dead Sea Resort 127.8 21.9 2001 - - Forrestry & ornamental trees
5 Dead Sea Panorama 8.4 7.6 2000 Ministry of Tourism RSCN Landscaping
6 Dead Sea Spa Hotel 36.5 329 - Dead Sea Spa Hotel Own staff Landscaping & Forestry
7 Madaba | Al-Buhaira - - - - - -
8 O Beach Dead Sea - - - - - -
9 Holiday Inn Resort Dead Sea 91.3 62.1 2009 Holiday Inn Resort Dead Sea  Own staff Landscaping
10 Crown Plaza Dead Sea - - Crown Plaza Dead Sea Own staff
1 Ramada Resort 43.8 2014 Ramada Resort Own staff Irrigation & Flushing
12 Hilton Dead Sea Resort & Spa - - 2018 Hilton Dead Sea Resort & Own staff
13 Dead Sea Lagoon Hotel & Resort - - Dead Sea Lagoon Hotel & Own staff
14 Kepinski 182.5 164.3 2005 United Saudi Jordanian Own staff Landscaping & Forestry
15 Ma'an Bait Zaman Touristic Village 36.5 329 - - - Landscaping
16 Tafila Feynan Ecolodge 3.7 1.8 2019 RSCN EcoHotels Irrigation
17 Nawafleh Beit Zaman Hotel & Resort - - - Jordan Tourism Ivestment Own staff Landscaping & Forestry
18 Aqgaba Sunday Water Park 54.8 49.3 2005 Sundays International for - Landscaping & Forestry
Industry
19 Consolidated Sulpho-Chemical & Detergents 7.3 2.2 - - - Irrigation
20 Mafraq Arab Pioneers Carpets & Ayn Textile 109.5 73.0 - - - Irrigation
21 Hammoudeh Food Industries Co. 43.8 29.2 - - - -
22 Balga Fuheis Cement Factory - - - - - Forest trees
23 Jordan Petroleum Refinery 49.6 49.6 - - - Forest trees; froage
24 International Poultry Company (Tamam) 73.0 73.0 - - - Irrigation
25 Zarqa Alaglymyah Regional Supporting Industry 18.3 3.7 - - - Plantations
26 Yeast Factory - 730 - - - -
27 Jabal AlMkabr Feed Factory - - - - - Landscaping & Forestry
28 Nuqul Group 54.8 49.3 1998  Nuqul Group - Landscaping & Forestry
2 Middle East Pharmac.
Mid-Pharma 27.4 246 1996 Industr. & Medical
Appliances
Landscaping & Forestry
30 Jordanian Pharmaceutical 25.6 5.5 - - - Forrestry
31 Amman  Sahab Industrial City - - . Jordanian Industrial Estate o ¢
Corporation -
32 Muwakar Industrial City - - - Jordamar] Industrial Estate Own staff
Corporation -
33 King Abdullah Industrial City 657.0 365.0 - - - Farming and forage
34 Dar AlDawa Company 54.8 43.8 - - - Forrestry
35 Philip Morris 18.3 5.4 - - - Irrigation
36 Al-Keena Hygienic Paper Mill Co. 438.0 273.8 - - - Forrestry
37 Madaba | Al Razy Pharmaceutical Company 146 131 1998 A Rezy Pharmaceutical -
Company Forrestry
38 fila Al-Raei Dairy Factory 11.0 9.9 1996 Al-Raei Dairy Factory - Landscaping & Forestry
39 Al-Janoub Cement 548 16.4 1984 - - Forrestry
40 Agaba Oil Company 43.8 394 1999 Agaba Oil Company - Landscaping & Forestry
41 Agaba Hijazi Ghosheh Livestock 146.0 73.0 - - Forrestry
42 Jordan India Fertilizer Co. 65.7 59.1 2009 Jordan India Fertilizer Co. Priv. sector Landescaping
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Table 5 Available data for decentralized wastewater treatment plants in Jordan: Institutions and Public
buildings.

No. Gov. Location of WWTP E::'ai;y TWW Year Ownership Operator Reuse
(1000 m%ly)
Institutions
43 Mafraq Al Albait University 5.8 4.9 2005 Al Albait University Own staff Landscaping
44 Jerash Jerash Private University 54.8 49.2 2005 Jerash Private University = Own staff Landscaping
45 Philadelphia University 36.5 32.9 2005 Philadelphia University Own staff Forrested landfill
46 Philadelphia University 36.5 73.0 - Philadelphia University Own staff Landscaping & Forestry
47 Balga Dept. of Motor & Drivers Licensing 54.8 493 - - - Landscaping & Forestry
48 SMART Project/ Fuheis-Mahes 9.1 8.1 2012 Al-Balga Applied Own staff Irrigation
University
49 Zarga Zarqa Private University 73.0 65.7 2003 Zarga Private University Own staff Landscaping & Forestry
50 Al Essra University 54.8 49.3 2003 Al Essra University Own staff Landscaping & Forestry
51 Petra University 73.0 34.7 2012 Petra University Priv. sector Forestry
52  Amman Middle East University 43.8 39.4 - Middle East University - Landscaping & Forestry
53 German Archeological Institute - - 2018 German Archeological Priv. sector  Landscaping
Institute
54 Madaba American University of Madaba 109.5 98.6 2011  American University of Own staff Landscaping
55 54.8 18.3 2012 Madaba Landscaping & Forestry
56 Karak College 54.8 8.4 2013 Al-Balga Applied Priv. sector  Forestry
Karak University
57 Mu'ta University 182.5 164.3 - Mu'ta University Own staff Forrestry; ornamental & olives
58 Ma'an Al-Hussein University 146.0 131.4 - Al-Hussein University Own staff Forestry
Public buildings
59  Irbid Sheik Hussien Bridge border 29.2 263 - Ministry of Public Works Priv. sector Landscaping & Forestry
& Housing
60 Mafraq Jaber border 73.0 65.7 1996 Ministry of Public Works Priv. sector  Landscaping & Forestry
& Housing
61 Zarqa Al Omari Border 36.5 32,9 2005 Ministry of Public Works Priv. sector  Landscaping & Forestry
& Housing
62 Balga Rehab. Center (Public Security) 21.09 16.4 2005 - - Forrestry & ornamental trees
63 Balga Rmimien Rehab. Center 109,5 43,8 - Forrestry & ornamental trees
64 Dept Motor and Drivers Licensing 54.8 49.3 2000 - - Landscaping
65 Public Security Directorat 54.8 54.8 2015 Public Security Directorat  Priv. sector Landscaping
66 Traffic Academy 36.5 32.9 2000 Public Security Directorat  Priv. sector  Forrestry, fruit trees and crops
Amman
67 Swaqa Rehab. Center 164.3 164.3 2007 Public Security Directorat  Priv. sector  Forrestry
68 Al- Muwagqar Correction & Rehab. Center 54.8 493 - - - Forrestry
69 Ma'an Al Mdawarah (Pumping Station) 182.5 91.3 2005 Ministry of Public Works Priv. sector ~ Landscaping
& Housing
70 Aqaba Southern Entrance (Border) 11.0 9.9 2000 Ministry of Public Works Priv. sector  Forrestry & ornamental trees
& Housing
71 Agaba Marine Forces 109.5 69.4 - - - -
72 PSD Chalet - - - Public Security Directorat  Priv. sector -
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Table 6 Available data for decentralized wastewater treatment plants in Jordan: Houses and additional
DWWTPs, along with wastewater treatment plants that could not be classified.

Design n
No. Gov. Location of WWTP capacity Year SO Obeatey Reuss
(1000 m®ly)
Houses

73 Jerash Sakeb Village 155.0 140.0 2006 - -
74 Ismail Akeel (SMART) 0.3 - - Ismail Akeel Priv. sect.
75 Maher Al Shehabi (SMART) 0.6 - - Maher Al Shehabi Priv. sect.
76 Fakri Hassan (SMART) 1.7 - - Fakri Hassan Priv. sect.
7 Nursing Home (SMART) 1.8 - - Nursing Home Priv. sect.
78 Balqa Abu Rumman (SMART) 1.3 - - Abu Rumman Priv. sect. .

. . . Landscaping
79 Hadidy (SMART) 0.5 - - Hadidy Priv. sect.
80 Al Awamleh (SMART) 0.6 - - Al Awamleh -
81 Ghalib Hiyari (SMART) 0.7 - - Ghalib Hiyari Priv. sect.
82 Princess Rahmeh College (SMART) 3.3 - - Princess Rahmeh College Priv. sect.
83 Amman Al-Mustaneda Housing 182.5 164.3 2011 Housing and Urban Development Priv. sect.

Corporation

Additional DWWTPs

84 Ma'an Mansorah 0.02 - 2010 WAJ WAJ -
85 Shobak 0.1 0.1 2010 WAJ WAJ -
Classified as CWWTPs according to the annual reports from MWI and WAJ. However, concerning the size of these WWTPs and according to the
Jordanian D¢ ized Mar Policy (MWI, 2016) they can be classied as DWWTPs.
Further WWTPs
a Irbid Al Hassan Industrial City 765.5 699.0 2007 Jordanian Industrial Estate Corporation - Forestry
b Irbid JUST University 765.5 273.8 1986  JUST University Own staff ornamental trees
c Um Lolo 3285 2957 2014 Public Security Directorate - Landscaping &
Mafraq olive trees
d Al-Thuraya Co. for Supply & Marketing Poultry 438.0 365.0 - - - Forestry
e Al-Reef Poultry - - - - - Forestry
f Union for Agricultural Development & Slaughtering 200.8 54.8 - - - Forestry
g Jordan Poultry Processing & Marketing Company 292.0 146.0 - - - Forestry
h Zarga Third Dimensions Apparel LLC 219.0 91.2 - - . Forestry
Forrestry,
j Teeba for Developed Food Processing 365.0 219.0 - - ornamental trees &
- landscaping
k Royal Polo Club 350.4 226.3 - - - Landscaping
| Balga TalaBay Resort 365.0 328.5 2012 - - -
m Abu Alanda Housing 5203 476.3 2014 'lousing and Urban Development Priv. sect. Forrestry &
Corporation ornamental trees
n Queen Alia'a International Airport 657.0 591.3 - Civil Aviation Authority (AIG) Priv. sect. Landscaping
o Amman | Jordan International Police Training Center 401.5 361.7 2006 Public Security Directorate - Forestry
[ Al-Watania Poultry 1095.0 365.0 - - . -
q Princess Eman Housing 328.5 - 2014 Housing land Urban Development Priv. sect.
Corporation Forage
Al-Hussein Industrial City 2445 182.5 - Jordanian Industrial Estate Corporation Own staff Landscaping
s Karak Karak Hospital 438.0 255.5 - Ministry of Health Priv. sector Discharge to wadi
t Potash Housing 365.0 127.8 - - - Forestry
Forrestry,
u Tafila Phosphate Housing 365.0 - 1985 - Priv. sect. ornamental trees &
landscaping

v Ma'an Jordan Phosphate Mines Co. - -
w Agaba  Tala Bay Resort 365.0 - 2012 Jordan Projects for Tourism Developmen - -

These WWTPs are not considered as CWWTPs according to MWI/WAJ and not as DWWTPs according to the DWWM Policy.
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Decentralized wastewater treatment
plants are currently obligated to follow
the reuse standard (JS 893, 2006),
however, are not specifically
mentioned/classified in the standard
itself with its own limits.

The Jordanian Standard JS 893 (2006),
was designed for the reuse of TWW
from CWWTPs and therefore cannot be
applied to decentralized wastewater
treatment systems.

The application of JS 893 (2006) is
limited mainly to the direct reuse of
TWW from CWWTPs for field crops,
industrial crops and forest trees
(Class C) and the discharge of large
quantities of TWW to streams, wadis
and water bodies (see Chapter 1.3).

The existing standard JS 893 (2006)
does not fit to DWWTPs as
decentralized systems handle smaller
volumes of water, requiring different
treatment, reuse and discharge systems.

For the first time, limit values for the
reuse of TWW from decentralized
treatment plants were proposed in the
DWWM Policy (MWI, 2016b). In the
policy effluent standard values are
presented for decentralized wastewater
treatment systems of up to 5.000 PE,
where limits are based on the irrigation
system in place (open discharge;
infiltration trench, subsurface, drip and
open irrigation).

It is therefore recommended to develop
a new standard for the reuse of
reclaimed domestic wastewater from
treatment plants with a design capacity
below 5.000 PE to improve sanitation
and water reuse in Jordan by
considering requirements such as:

(i) public health (direct contact,
groundwater), (ii) agricultural productivity
(soil and plant), (iii) environmental
health, (iv) technological feasibility and
(v) economic development of the
country.
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Photo 1 Drip-irrigation system for olive trees. The irrigation system receives its water from a DWWTP (Sequenced
Batch Reactor) at a nursing home in Fuheis, Jordan (© André Kiinzelmann).

A distinct characteristic of DWWTPs are
the low operation and maintenance
costs of the facilities, which means that
DWWTPs are an ideal choice for
systems with minimal sludge production
and energy requirements (or,
conversely, access to a continuous
supply of energy). For instance, a
treatment system that serves a small
community in a rural area of Jordan
might combine anaerobic and close-to-
nature aerobic systems. The former
(anaerobic system) would result in a
very low amount of excess sludge
production and not require much energy,
while the post-treatment choice of a
close-to-nature system would not
produce excess sludge and depends
only on natural aeration (no energy
input). Excess sludge produced from
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anaerobic treatment can be dewatered
and further treated (depending on its
characteristics) using sludge drying reed
beds (SDRBs), which might be the best
option if adequate space is available. In
this system, sludge can be further
stabilized and stored in the reed beds for
up to 10 years. The sludge can
eventually be used in agricultural
production. In fact, a pilot study was
already conducted at the As-Salt WWTP
to show that such systems are feasible
for sludge dewatering and treatment in
Jordan. A pilot reed bed system
consisting of 4 beds was designed and
built by BAUER Umwelt GmbH. The
company operated the beds for two
years and, after which the University of
Jordan continued to operate Beds 3

and 4 for an additional year.
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After the completion of the experiment,
the sludge in these reed beds showed
very interesting chemical and
microbiological characteristics. All of the
sludge had E. coli concentrations that
were lower than 1.000 MPN/100mL.
Concurrently, the sludge preserved
nitrogen - with a total nitrogen content of
about 7% - and showed high organic
matter content (40%), both of which are
line with the Environmental Protection
Agency classification of good quality
compost.

However, there is a large concern, as JS
1145 (2016) states that treated sludge
can only be reused on rangelands, and
is prohibited from being reused in
agricultural production. It should be
noted that the land application of sludge
has already proven to be a promising
alternative to chemical and manure
fertilizers in Jordan during pilot studies
performed by the University of Jordan
and the Royal Scientific Society. Thus,
future efforts should focus on making the
MoA aware of the value of reusing
sludge in agricultural production. This
would lead to positive revisions in the
current reuse standards.

Control mechanisms

Currently, no real control mechanisms
for DWWTPs exist in Jordan.
Furthermore, the lack of certified
systems for DWWTPs, coupled with a
shortage of skilled personnel for
conducting O&M of such systems, will
impede the development of successful
business models. Regarding the
management of DWWTPs, it is of utmost

importance to establish an independent
unit within a national body that will be
responsible for monitoring and
controlling the DWWTPs.

A clear definition of roles and
responsibilities, as well as strong
coordination among institutions/
authorities, will be indispensable in
managing the DWWTPs in Jordan
effectively. This type of information is
currently unavailable or scattered among
various institutions/ authorities. For
example, both the Ministry of Health and
the Ministry of Environment are legally
obliged to check numerous effluent
quality criteria (e.g. BODs, TSS, COD,
E. coli) at various WWTPs on a regular
basis and report the results to the WAJ.

As mentioned previously, DWWTPs in
hotels, public buildings or in the industry,
are obligated to follow JS 893 (2006) or
JS 202 (2007). If, by chance, the MoH is
informed about the existence of a
DWWTP by the health directorate of the
specific region, then the MoH will also
be obliged to check the effluent quality
at these DWWTPs (MoH, 2018). This is
the reason why certain DWWTPs are
already listed in the annual reports of the
MoH. The reports, MoH (2018) and
MoEnv (2018) indicate for instance that
certain hotels and industries exceed the
irrigation limits set in JS 893 (2006).

An official database (inventory) of all the
existing DWWTPs should be created.

Furthermore, efforts should be made to
establish new guidelines for the
registration of DWWTPs and the
monitoring of effluent quality and reuse
of TWW.
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Photo 2 Subsurface irrigation at a residential house in Amman, Jordan (© Nabil Wakileh).
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ufficiantly TWW is a reliable
S water source, and can partially

substitute for freshwater when
water demand increases. Wastewater
management practices have recently
shifted from disposal to reuse, as well as
the recovery of valuable materials.
Resource recovery has been actively
promoted in recent years due to its
environmental and economic benéefits,
with many technologies progressing
towards commercially feasible solutions
that attempt to integrate circular
economy principles. The circular
economy concept has emerged in
response to criticism of the ubiquitous
‘take-make-consume and dispose’
model of growth for its negative
environmental effects (IWA, 2018).
Velenturf et al. (2019) stated that one of
the key tenets of a circular economy is
that the value of products and materials
is maintained for as long as possible.
Hence, waste and resource exploitation
are minimized. Moreover, when a
product reaches the end of its life cycle,
it is used again to create further value. In
the context of the water sector,
transitioning to a circular economy
presents an opportunity to implement
and scale-up recent technological
advances that support greater efficiency
in the sector. In this regard, transforming
waste from domestic and agro-industrial
sources into a valuable source holds
promise for entrepreneurs, especially
when mixed waste streams are used to
create a successful business model.
These types of changes are strongly
supported by the Sustainable
Development Goals (SDGs) from the
UN, which target, among others, water
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reuse (SDG 6), renewable energy
(SDG 7) and waste recycling and reuse
(SDG 12). The last goal can help restore
degraded soils (SDG 15), improve
agricultural and food security (SDC 12)
and create resilient cities (SDG 11)
(Otoo et al., 2018). Moreover, the
development of innovative business
models could be encouraged by flexible
regulatory and institutional frameworks,
which would, in turn, reduce potential
health and environmental risks through
appropriate safety control measures,
such as the multi-barrier approach
presented by the World Health
Organization (WHO) (WHO, 2006c¢).
This would reduce the cost of treatment
and lead to savings in operation and
maintenance costs.

However, the creation of business
models that apply circular economy
principles and encourage private sector
participation in waste management
require regulatory and institutional
frameworks that will facilitate the
transition to a more circular economy.
This is also a starting point for the
provision of sustainable services and
participation of private companies in the
water sector. This has not yet been
achieved in Jordan; accordingly, the
best reuse practices discussed herein
will consider the current Jordanian
regulatory and institutional frameworks.

Within this context, the sale of TWW for
irrigation shows limited cost recovery
due to highly subsidized irrigation water.
However, there is the possibility of
sustainable cost recovery when TWW is
used for industrial purposes since the
water can be priced higher. In the
industrial sector, TWW has been used in
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power stations, textile manufacturing,
paper industry, oil refineries, heating and
cooling networks, steelworks, and,
recently, in large data centers, e.g.,
Google Data Center in Belgium (WWAP,
2017).

As shown in the following sections,
Jordan has already made advances in
how TWW is utilized in the agricultural
and industrial sectors. However, it is first
essential to define criteria that can be
used to select the optimal reuse
practices.

4.1 Criteria for selecting

best reuse practices

This chapter — which covers the
selection of best reuse practices -
excludes the Jordan Valley for two main
reasons. Firstly, the literature and
relevant experts are in agreeance that
the infrastructure in this area is of a
good standard and, secondly, irrigation
in the Jordan Valley can be classified as
indirect reuse with TWW, which is not
the ideal reuse option.

Most treatment plants in Jordan produce
an effluent suitable for reuse, primarily
used for irrigating fodder crops and fruit
trees. Moreover, institutional
fragmentation has resulted in the
misconception that agricultural irrigation
is a tool through which to dispose of
TWW rather than a means of resource
recovery. For instance, the Jordanian
Standard 893/2006 demands nutrients
removal even if TWW is mostly used for
agricultural irrigation, in which case
farmers have to apply organic or

chemical fertilizers. Furthermore, border
or basin irrigation — which is clearly not
the most efficient system - remains
widely used for the direct reuse of TWW.
Hence, the best practices presented in
the following chapters are specific to the
Jordanian context, and consider the
current direct reuse schemes at existing
WWTPs.

The examples of best practices
presented here consider social
acceptance as one of the main pillars in
the sustainability of a specific project. All
of the alternatives were assessed using
the following prerequisites:

1. Socio-economic reuse practice,
defined as the level of end user
involvement in the full project
(treatment and reuse) and at all
stages from planning to operation.
This criterion assumes that the
level of involvement is proportional
to the level of social acceptance
for the reuse scheme. If an
industrial player is the end user, its
willingness to pay is used as the
criterion for acceptance.

2.  The irrigation technique has
already been implemented in
Jordan (this holds for cases in
which TWW is used for agricultural
irrigation).

Criteria based on irrigation patterns
related to crop-specific water
requirements are also important in
defining best practices. However, such
criteria could not be included in the
research due to a lack of documented
meteorological and crop yield data.

47



Reuse of Treated Wastewater and Biosolids in Jordan |

Farmers in Jordan are only allowed to
use biosolids (stabilized sludge) as
fertilizer or soil conditioner in
rangelands. Although existing
regulations allow biosolids application at
rangelands, it is currently only practiced
on pilot and experimental levels.
Moreover, biosolids application
continues to be met with public
opposition and low governmental
support. In this way, no best practices
for biosolids application have been
established in Jordan.

4.2 Best practice of

CWWTPs

The application of the aforementioned
selection criteria identified two sites - the
Wadi Musa WWTP and the Agaba
Natural and Mechanical WWTPs — as
examples of best practices in TWW
reuse.

Wadi Musa WWTP

In the case of Wadi Musa, the two most
important examples of best practices
are:

1. the use of a drip irrigation system
instead of border- and basin-
irrigation; and

2. the extensive involvement of the
local community in the
implementation of direct TWW
reuse concepts.

The Wadi Musa CWWTP is located
270 km to the south of Amman and
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collects wastewater from four areas:
Wadi Musa city (including hotels);
Taybeh; Baydah; and Al Badoul housing
areas. The treatment process includes
primary treatment, secondary biological
treatment, final clarification, effluent
polishing lagoons, chlorination, biosolids
holding tank and sludge dry beds. As of
2017, the Wadi Musa WWTP receives
approximately 1.03 MCM of wastewater
and generates about 1.02 MCM of TWW
using extended aeration technology
(Photo 3). The treatment plant is
equipped with 16 drying beds for
processing thickened sludge, and
biosolids cake (>70% solid content) is
produced mainly during peak flow
operation (high tourist season). Dried
biosolids are then collected and stored
at the treatment plant.

The first community-based project was
established in collaboration with USAID.
The local community was provided with
technical information on how irrigating
their fodder crops with TWW could:

i. help improve the livelihoods of the
local community;
ii. reduce the competition and demand
for freshwater; and
iii. conserve natural resources and the
surrounding environment.

Treated wastewater is the only water
source for irrigation in the area and the
project in Jordan is considered the first
direct reuse project. The plant provides
irrigated water for a total of 1069 du.
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Photo 3 The Wadi Musa wastewater treatment plant (© Agaba Water Company).

— Social and economic impact —

The Wadi Musa demonstration of direct
TWW reuse has been implemented
permanently and sustainably within the
“‘Reuse for Industry, Agriculture and
Landscaping” (RIAL) project, which was
funded by USAID. In total, 45 farmers
and their families benefited from the
project, which allowed them to generate
additional income by cultivating fodder
crops. The RIAL project was
implemented by the U.S engineering
firm Camp Dresser and McKee, and had
an overarching goal of successfully
demonstrating how TWW reuse can

sustainably utilize water resources,
provide economic benefits and support
community development. Furthermore,
this RIAL project should show to the
public that direct TWW reuse can be
reliable, commercially viable,
environmentally sustainable, and safe
(AECOM, 2015). The project clearly
demonstrated how the application of an
environmental management system can
improve both the financial and
environmental performance of WWTPs.
Following the completion of the project,
the dissemination of easily
comprehensible information and direct
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communication with the local community
have both removed barriers to TWW

reuse. Members of the project were able
to build trust with the local farmers, as
well as help them realize the potential
economic incentives. As a results the
farmers’ attitudes towards using TWW
for irrigation changed from hesitant to
accepting. It should be noted that social
acceptance of the project was built over
a decade of intensive communication
with local communities. However,
communication was complicated due to
the fact that the reuse site was located
in a natural reserve with very strict
regulations.

— Planted area —

The WWTP produces approximately
1 MCM/year of TWW that is entirely
used in irrigation to guarantee zero
discharge to the Gulf of Agaba.

Soil monitoring at the Wadi Musa reuse
sites showed no salt accumulation over
an eight-year observational period.

When the Wadi Musa treatment plant
first began operating, the reuse site was
managed through a subcontract
between PA Government Services Inc.
and the BADIA Research and
Development Program (BRDP). The
demonstration area was fully planted
and irrigated with a functioning drip
irrigation system. The area includes
various crops, more specifically: field
crops such as alfalfa, maize, sunflowers
and Sudan Grass; tree crops including
pistachio, almond, olives, date palms,
lemons, poplars, spruce and junipers;
and many varieties of ornamental
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flowers including irises, geraniums,
petunias and daisies (Photo 4). The
maize in this area showed approximately
25% higher growth than maize grown
with freshwater, while sunflowers in the
area demonstrated approximately 30%
higher growth than sunflowers grown
with freshwater (Khleifat et al., 2003). A
total of 2.020 trees and 400 shrubs and
flowers have been planted. Alfalfa has
been the most profitable crop, followed
by barley and olive (AECOM, 2012).
Currently, the total area covers 1069 du,
with a 350 du expansion planned in the
future. The cropping pattern is: alfalfa
and other fodder crops: 90%; olive trees:
7%; Grape trees: 2.5%; fruit trees such
as Fig, Guava, and Lemon, along with
cactus and ornamental flowers: < 1%.

The largest achievement of the project
was introducing the direct reuse of TWW
in irrigation to the area, which was
considered a major development in the
south of Jordan based on the amount of
jobs that it created. It is important to note
that farmers participated in the
implementation of reuse projects in Wadi
Musa; this most probably increased their
awareness and acceptance of the
practice. The direct reuse of TWW has
increased economic returns by reducing
the amount of fertilizer that farmers need
to apply, which, in turn, has increased
productivity. Instead of trying to convince
farmers to irrigate their fields with TWW,
the area around the Wadi Musa
treatment plant is now struggling to
supply enough TWW to meet the local
demand. The plant, which reliably treats
large quantities of wastewater to
produce high-quality TWW, has enabled
the government — with the support of
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donors — to demonstrate how TWW
could improve agricultural productivity in
the Wadi Musa area (SWIM, 2013).
Better awareness and understanding at
the community level have positively
changed farmers’ opinions of using
TWW for irrigation. Moreover, the
farmers have been highly satisfied with
the results.

Some of the TWW has been utilized by
local operators to create eco-tourism
projects. According to the Wadi Musa
WWTP manager, local farmers earn
around 150 JOD/dunum when growing
alfalfa and fodder crops. Furthermore,
he has stated that farmers experience
60% and 20% savings in nitrogen and
potassium fertilizers, respectively, due to
the direct reuse of TWW in agricultural
irrigation.

Photo 4 Reuse of treated wastewater in the area of the Wadi Musa wastewater treatment plant
(© Amal Hijazi).
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Photo 5 The Aqaba wastewater treatment plants (© Agaba Water Company).

Agaba WWTPs

The city of Agaba enacted the Policy of
Zero Discharge to the Gulf of Agaba,
which forced the wastewater sector to
turn a challenge into an opportunity by
effectively treating wastewater and
identifying fit-for-purpose reuse schemes
that would ensure sustainable cost
recovery. The capital investment was
paid by the tourism sector under a
Public Private Partnership (PPP)
contract (IWA, 2018).The water sector is
managed by the Aqaba Water Company
(AWC), which collects 90% of the
wastewater, a total quantity of

7.0 MCM/year (IWA, 2018). The other
10% are collected in septic tanks
followed by leaching fields. The
collection system includes 250 km of
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gravity sewers and 7 km of rising mains
(AECOM, 2015). Several pump stations
direct the flow through a 1200 mm
gravity interceptor to the WWTP, after
which the influent is split into mechanical
and natural treatment streams (AECOM,
2015). The influent is treated using two
different treatment technologies, more
specifically, 2.5 MCM/year is treated
using a natural system featuring
facultative and maturation ponds, while
the remaining 4.5 MCM/year is treated
at the secondary level using oxidation
ditches, clarifiers, sand filtration and a
UV-disinfection unit, as shown in

Photo 5. It should be noted that the
investment into the WWT provides the
AWC with additional net income of

4 million US$ per year.
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The ponds have an area of around

0.6 km? and lie at the tip of the Gulf of
Agaba, which is situated along a major
bird migratory bottleneck between
Eurasia and Africa. Thus, ensuring a
sustainable and effective treatment
process is an environmental priority
(Photo 6). Effluent from the natural
treatment plant is directed towards an
agricultural water network, which serves
a number of customers and was
developed primarily for agricultural
irrigation purposes. When the demand
for irrigation water is low, effluent is sent
to evaporation ponds. Effluent from the
mechanical WWTP is diverted to
industrial users (mainly for cooling
water), used for landscaping, or sent to
evaporation ponds when there is no
demand for the effluent (AECOM, 2015).
Treated wastewater already provides
15% of the city’s water demand and
enables Agaba to maintain the green
areas and urban landscape (Elimam et
al., 2012). This water supply also meets
the water demands of development
projects and the industrial zone. The
main industrial customer is the Jordan
Phosphate Mines Company (JPMC),
which may use up to 2.5 MCM, or 33%
of the TWW flow, on an annual basis
(World Bank, 2011). With respect to
biosolids, all of the solids generated at
the Agaba Mechanical WWTP are
diverted to conventional sand drying
beds. Drying is performed in open air,
which quickly results in dry cakes
containing up to 90% solids that are
landfilled on-site. This on-site disposal
represents the least costly alternative for
the Agaba WWTP.

Photo 6 Agaba birds’ observatory (Agaba Bird
Observatory Gate © Feras Rahahleh).

Although details about cost recovery do
not exist, personal communication with
the treatment plant engineer revealed
that reuse for industrial purposes
provides the best return. Recent
investments in golf courses and luxury
residential complexes entail promising
routes for cost recovery, as these types
of properties have a high demand for
water to upkeep lawns and ornamental
plants. The selling prices and high
percentage of direct reuse in the city
indicate positive public acceptance of,
and satisfaction with, direct TWW reuse.
The recognized bird migratory pathway
was pivotal to creating the
circumstances that provide a unique
example of how TWW can be used for
environmental purposes in Jordan.

4.3 Best practice of

DWWTPs

Regarding DWWTPs best practices, the
Public Security Directorate (PSD)
DWWTP was considered the best
example of DWWTP design and
operation in Jordan (Photo 7). The
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WWTP selection process was based on
a detailed analysis of the Public Security
Directorate institutional settings,
potential locations for the plant, and
capacities - especially those related to
the operation and maintenance of the
selected system. The produced effluent
meets Class A of JS 893 (2006), which
is the highest class of effluent quality.
The effluent is used to irrigate the
Directorate’s green areas, which
encompass nearly 19 du of olive trees
and some roadside ornamental plants.
The irrigation scheme process reuses up
to 100% of the produced TWW, which
can save 4.500 m® of freshwater per
month.

The DWWTP employs Sequencing
Batch Reactor technology (SBR) with a
design capacity of 150 m?d, which
reflects the water used by around 2.500
PSD employees.

— lIrrigation system —

A drip irrigation system is used to irrigate
18.500 m? of landscape and ornamental
trees. There is the possibility to irrigate
another 15.500 m? of green areas within
the project borders. Furthermore, an
90.000 m? area outside of the project
border could be developed into a green
area that can be irrigated with TWW
from the PSD DWWTP, but this depends
on an agreement between relevant
parties (Hayek, 2013).

54

S T A

Photo 7 Treated wastewater reuse at the PSD
decentralized wastewater treatment plant (© Nabil
Wakileh).

Drip irrigation is the optimal irrigation
system, as it enables highly efficient
water use based on the delivery of
minute amounts of water at low pressure
through numerous emission points.

The design of the irrigation system used
in the areas around the PSD DWWTP
complies with the Jordanian Standards
for Wastewater Reuse. The design
considered the peak monthly
evapotranspiration rates based on actual
weather conditions and rainfall at the
location. The PSD DWWTP produces
only small quantities of biosolids. These
biosolids are managed via collection by
tankers once every two months
(collection could be even less frequent).
The collected biosolids are then
disposed at a dumping site.



Assessment of
Bottlenecks Regarding
the Sustainable Reuse
of Treated Wastewater
and Biosolids
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ordan will require an integrated
J water resource management

approach that clearly positions
wastewater in the water cycle to
adequately prepare for climate change.
Wastewater is the only water resource
that is sustainable and increasing;
therefore, this resource should be
optimally utilized. The political situation
in the region, which manifests itself in
the influx of war refugees, has also
increased the magnitude of the
environmental, water and wastewater
challenges within Jordan. Analyses
related to the carrying capacity of Jordan
must carefully consider which options
can guarantee certain living standards
for both citizens and refugees.
Obviously, water and water-related
aspects are central issues concerning
human equality and dignity.
Nevertheless, food security adds to the
challenge, and demonstrates why food-
water security should be one of the top
priorities for the Jordanian Government.

Many countries in the MENA region face
challenges related to scarce water
resources, population growth, and
climate change. TWW could be a viable
solution to some of these problems, as it
can be used instead of conventional
water resources for diverse purposes.
Many factors — such as regulatory,
institutional, social, technical, and
financial aspects — can influence the
success of the substitution process.
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5.1 Regulatory and

institutional bottlenecks

Perhaps one of the main bottlenecks
related to the use of TWW and biosolids
in Jordan is institutional fragmentation,
which jeopardizes the design and
implementation of effective reuse
schemes. This fragmentation is evident
in that many of the involved
stakeholders, e.g., MoA, MWI, Jordan
Valley Authority (JVA), WAJ, MoEnv,
MoH, have overlapping responsibilities
and, more importantly, lack sufficient
coordination (Seder et al., 2011). There
is no clear structure for cooperation
among these government organizations;
as a result, resources are not effectively
used as some tasks are repeated by
several stakeholders.

A National Water Reuse Coordination
Committee (NWRCC) was formed as
per cabinet letter 57/11/6826, dated
21/5/2003, under the supervision of the
secretary general of the WAJ. The
members of the committee represented
the Royal Court, MoH, MoEnv, MoA,
National Center for Agricultural
Research and Technology Transfer,
JVA, Royal Scientific Society (RSS),
Farmers Union, universities and the
private sector. The committee was
mainly tasked with establishing a
coordination plan for the reuse
directorate so that most of the overlap
between Jordanian ministries could be
removed. However, the committee was
not active and hardly any improvement
was noticed. Consequently, all of the
actions and decisions related to reuse
were left to the WAJ, a responsibility
which did not result in successful reuse
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schemes. It is worth mentioning that
although Jordanian regulations and
standards permit restricted irrigation with
TWW (i.e. direct reuse? scheme for
vegetables that are cooked prior to
consumption by humans), the WAJ has
so far limited the direct reuse of TWW to
fodder crops and fruit trees.

Farmers could experience significantly
higher financial returns if they were
granted licenses that reflected what is
permitted in the current standards (i.e.
restricted irrigation with TWW
(Majdalawi, 2013). However, the lack of
downstream control due to a low level of
practical MoA involvement means that
the reuse directorate published by the
WAJ will not include revisions that would
allow higher value crops to be irrigated
with TWW. It can be assumed that the
minimal engagement of the MoA in this
regard could be due to a lack of
awareness regarding the benefits of
reusing TWW and biosolids. This is
reflected in the MoA'’s instructions for the
licensing, preparation, storage, handling
and trading of fertilizers from 2011, as
well as instructions in Article 4 of 2009
that prohibit the production of organic
fertilizers from biosolids that stem from
WWTPs. The ministry also apparently
lacks relevant information on the
benefits of biosolids land application.
Moreover, decisions at the MoA are
sometimes heavily influenced by
different agricultural associations, most
of which oppose the land application of
biosolids. The main voiced concern is
that the land application of biosolids will
negatively affect the quality and

2 Treated wastewater is used for agricultural irrigation
without blending with other water sources.

reputation of agricultural products in the
country. This opinion was publicly stated
by the National Sludge Technical
Committee, which was formed by the
Cabinet in 2015. It is worth mentioning
that the committee was formed to give
technical advice on biosolids reuse
possibilities, with particular emphasis on
reuse in agriculture. The committee is
chaired by the MoEnv and includes
representatives from the MWI, MoA, and
academia, among other stakeholders.

Other major bottlenecks are related to
the existing technical standards, which
especially hamper the implementation of
small-scale treatment schemes. The
currently technical standards for large-
scale treatment systems also apply to
small-scale systems, which impedes the
widespread application of the latter due
to high investment costs. Small-scale
systems cause far lower pollutant loads
to the environment than large-scale
systems, a fact that has been alluded to
in recommended modifications of
existing standards from the DWWM
Policy (MWI, 2016b). An additional
bottleneck is that the quantity of TWW is
sometimes discussed instead of its
optimal utilization. The lack of a clear
policy for crop patterns is considered an
impediment to the optimal utilization of
TWW and improvements in agricultural
productivity (Olmstead, 2014; MWI,
2016a). In general, crop patterns are
established by the MoA depending on
several factors that are primarily related
to the price of water. Although the MoA
has made several attempts to guide
farmers in establishing crop patterns,
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none of these attempts have been
perceived as comprehensive enough.
For example, the price of water was not
a main part of the adopted approach,
and this resulted in widespread mistrust
among farmers.

Furthermore, the current irrigation water
tariffs are considered extremely low,
which does not support the optimum
utilization of water and negatively affects
water conservation. Treated wastewater
pricing can influence both crop patterns
and water distribution, as well as support
the development of business models
that focus on decentralized, small-scale
treatment systems. However, the supply
of TWW for irrigation will always
compete with freshwater sources — such
as groundwater — even if these
resources are scarce. The competition is
currently fierce because the fees for
using freshwater in irrigation are very
low; as a result, farmers who happen to
live close to a source to freshwater have
no incentive for switching to TWW.
Consequently, not only the TWW tariffs,
but also the freshwater tariffs and the
entire tariff system, should be revised. It
should be noted that the irrigation water
tariff was established in 1994, and has
remained constant ever since, even
though the inflation rate from 1994 to
2011 was 81%. The current tariff is
based on an increasing block rate that
varies between 8 and 35 Fils per cubic
meter (van den Berg et al., 2016).

These examples demonstrate that
institutional fragmentation is one of the
main challenges for the wastewater
sector in Jordan. For this reason, the
National Implementation Committee for
Effective Integrated Wastewater
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Management (NICE) should have a
stronger role in coordinating different
institutions and supporting the decision-
making process. Such communication is
pivotal to ensuring a smooth flow of
knowledge between institutions.

5.2 Technical and financial

bottlenecks

Although Jordan is a pioneer in using
TWW for agricultural production, the
country still faces some technical and
financial challenges related to the
increased demand for wastewater
collection and treatment services. This
includes the lack of economically viable
services for scattered communities in
rural areas and the rapidly expanding
peri-urban areas. This issue is
particularly relevant due to the current
refugee situation, with 700.000
registered refugees from Iraq and Syria,
90% of which live outside of camps,
severely straining Jordan’s carrying
capacity (MWI, 2018). The lack of
wastewater collection and treatment
services presents a real barrier against
the full utilization of wastewater and,
perhaps more importantly, the
prevention of potential groundwater
contamination. The high investment
costs associated with conventional
wastewater collection systems hindered
the expansion of sanitation services to
such communities. The Wastewater
Master Plan published by the
International Resources Group (IRG,
2013) provides a snapshot of
sanitation and wastewater treatment in
Jordan and justifies the need for
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investments in wastewater collection.
Jordan does not currently have codes
for non-conventional sewage networks
and the country has a lack of experience
in these types of systems.

When discussing challenges related to
the expansion of services to rural and
developing areas, it is important to note
that the absence of adequate storm
water drainage systems renders
treatment plants inoperable during
extreme rainfall events, which have
been predicted to increase in frequency
and intensity due to climate change.
Jordan has already experienced
economic and environmental costs from
the damage caused to treatment plants
during extreme weather events.

With respect to DWWM systems, the
lack of well-established business models
is the main bottleneck hindering the
widespread use of such systems. This,
however, cannot be considered in lieu of
policy and institutional aspects, as
business models will develop if TWW is
proactively directed to higher value
uses. For instance, aquaculture could be
considered if regulations permit such
end use. Various effective low-cost
treatment technologies have to be
developed to support novel business
models; in this way, the science-policy
interface must be strengthened to drive
the implementation of these types of
technologies. Additional barriers to the
development of successful business
models include the lack of certification
systems for DWWTPs and a shortage of
skilled personnel for the O&M of such
systems.

It is also important to consider how
existing capacities could support the
implementation of different irrigation
systems. For instance, subsurface
irrigation systems would not require
such strict effluent standards with
respect to pathogens and organic
pollutants, which are relevant to
solutions that focus on potential odor
concerns. However, subsurface
irrigation systems are rarely used in
Jordan, and there are very few instances
when they have been used to distribute
TWW.

5.3 Cultural and social

bottlenecks

The indirect reuse of TWW is generally
accepted in Jordan, but the public is
much more resistant about direct TWW
reuse. It is well recognized that Jordan is
a water scarce country that will run out
of freshwater resources at current
consumption levels, and this knowledge
may be the main reason why the general
public is accepting indirect TWW reuse.
However, in the case of farmers, profits
are more important than acceptance.
For instance, farmers do not always
conform to Jordanian standards even
though monitoring programs are in place
to ensure compliance in terms of water
quality and the type of irrigated crops.
Some farmers use TWW discharged into
streams for unrestricted irrigation before
mixing the treated effluent with
freshwater in reservoirs. This irrigation
practice is considered illegal and
violates the Jordanian Standard JS 893
(2006). It has been suggested that
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farmers mainly disregard the current
standard due to a lack of knowledge
about which practices are permitted and
which practices are prohibited.

There is clear resistance to biosolids
reuse for agricultural production.
Biosolids reuse has still not been
introduced to the public, with the
resistance towards biosolids reuse
coming from different institutions, as
discussed earlier. Moreover, farmers do
not want to jeopardize the reputation of
their products, even if they feel that
biosolids reuse could be beneficial and
safe.

Local opinion is critical to wastewater
treatment projects, as small-scale
wastewater management schemes
usually face the most resistance from
local communities who are concerned
about the site at which the facility will be
built. This may stem from a lack of trust
between the public and the government
with respect to the capacity of a WWTP
to achieve sufficient levels of treatment,
especially in terms of odors.

Moreover, communities are usually
doubtful of future governmental plans for
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treatment plants. In many instances, the
local community believes that the WAJ
will connect neighboring towns to the
treatment plant that is to be installed in
their neighborhood. This would
negatively affect the reputation of the
town in which the treatment plant is
located. Local communities commonly
fear that the value of land in areas
surrounding the treatment plant will
decrease, and this concern has
increased resistance to the development
of wastewater treatment services.

In fact, the lack of social acceptance
towards wastewater reuse in Jordan has
halted the implementation of many
sanitation service projects, some of
which have focused on wastewater
reuse. In some cases, the attitudes
towards a project became so aggressive
that the Ministry of Interior Affairs had to
interfere to stop violence and solve
conflicts. Lack of awareness among the
general public as well as conflicts of
interest between land owners and the
government seem to be the main
bottlenecks for small-scale sanitation
and reuse projects.



Policy Measures that
would Ensure the Long-
Term Sustainability of
Wastewater and
Biosolids Reuse
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T he recognition of the WHO 2006
guidelines for the safe reuse of
TWW in agriculture is an
important step to addressing the
regulatory and institutional bottlenecks
related to wastewater reuse (WHO,
2006d; WHO, 2006c; WHO, 20063;
WHO, 2006b). Evidently, Jordan has
adapted the guidelines through its
National Irrigation Water Quality
Standards (JS 1766/ 2014), which
recognize various types of irrigation
water, including surface water, as
potential contamination sources that
need to be regulated. Specifically,
surface water was found to be polluted
(Al-Mashagbah, 2015) by different
sources including agricultural drainage,
dead animals, and runoff, among others.
Undoubtedly these contamination
sources might also deteriorate the
quality of TWW that has undergone
secondary or tertiary treatment (as is the
case in Jordan). In the case of TWW the
public will usually blame the WWTP
even if other contamination sources
decreased the TWW quality. The
provisions of JS 1766/2014 will help to
integrate TWW into the water cycle, and
the standard — once in effect — will
support better acceptance of this high-
quality water resource.

It should be noted that the WHO
guidelines - which were developed in
2006 — have still not been implemented
at a national scale in any country. The
integral approach proposed by WHO
Guidelines (2006) cannot be
implemented without a detailed
management and safety plan.
Obviously, management plans can be
expected to vary from country to
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country, as well as within the same
country, depending on different
variables. In the Jordanian context, the
extent of coordination between different
stakeholders should be clearly defined
when such a Sanitation Safety Plan
(SSP) is developed and implemented.

Some agricultural inputs might exert a
larger influence on the safety of
agricultural products than irrigation water
quality. For instance, it was found that
high-quality irrigation water might get re-
contaminated due to manure application
(agricultural input). This contamination
may subsequently contaminate
agricultural products and present a
health risk for farmers and consumers
(Halalsheh et al., 2018b). This finding
demonstrates that SSPs must be
developed, as well as implemented, for
different points of the agricultural value
creation chain to ensure that high-quality
irrigation water is constantly used.

This chapter discusses the appropriate
steps for developing SSPs and presents
an institutional framework that would
ensure safe agricultural production at
the farm level in Jordan. In the proposed
framework, irrigation water qualities
(TWW or other sources) cannot be
assessed without considering other
external inputs and parameters that lie
downstream of WWTPs. Therefore, the
proposed framework presents farm level
control measures and specifies which
authority — with reference to the legal
mandate — is responsible for each of
these measures.
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6.1 Sanitation safety

planning

Implementation plans, or SSPs, prioritize
risks and utilize limited resources to
minimize the most severe risks and
progressively improve a certain societal
problem. More information can be found
in the WHO SSP Manual (WHO, 2016).
The development process for SSPs
closely mirrors that of Water Safety
Plans (WSP) (Davison et al., 2005).
Sanitation safety plans comprise three
main components:

1. System description, which
describes the whole process and
usually includes a flow chart that
carefully delineates the system.

2. Hazard analysis, which identifies all
of the potential hazards (biological,
chemical, physical, and radiological
agents). Moreover, this component
will describe hazard sources, along
with possible hazardous events, and
provide an assessment of each risk
(Davison et al., 2005); and

3. Control measures, which are the
actions or activities that will be
applied to minimize hazards.

The proposed control measures entrust
the MoA with a greater role in mitigating
the risks that exist downstream of
wastewater treatment. As such, laws of
the MoH, MoA, WAJ, and MoEnv will
regulate how TWW is used for different
purposes. Overlaps between different
bodies may have resulted in some
confusion regarding assigned

responsibilities; hence, increasing
coordination is critical to developing
good SSPs. For instance, the MoA and
MoH are still discussing who is
responsible for controlling and assuring
the quality of irrigated crops. The MoA
currently monitors imported crops for
pesticide residues, but is reluctant about
being in charge of controlling local non-
processed food. The MoH, however,
argues that crop quality control is part of
the MoA'’s legal responsibilities.

Overlaps in the responsibilities assigned
to each ministry are apparent, and
consequently, Jordanian ministries must
improve coordination to adequately, and
efficiently, control the quality of
agricultural products. Moreover, it is
expected that lack of capacities at both
ministries are behind reluctance to take
the lead in controlling locally produced
crops. As such, institutional,
infrastructural and human capacities at
both ministries need to be strengthened.
Recently, the Jordanian component of a
WHO/UNDP project on adaptation to
climate change improved the ability of
the Jordan Food and Drug
Administration (JFDA) to recognize
pathogenic contamination of crops. On
the other hand, the MoA has the
capacity to monitor pesticide residues in
crops, both imported and locally
produced.

6.2 Technical and financial

measures

Although Jordan has already made
considerable progress in the provision of
sanitation services, the current flux of
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refugees and impending climate change
impacts will require decentralized
solutions to adequately serve the rapidly
expanding urban areas as well as hot
spots within rural communities. Even
though most technologies that are
applied in CWWTPs can also be used in
decentralized- and semi-centralized
systems, options that minimize biosolids
production and are characterized by low
operation and maintenance
requirements should be preferred.

It should be noted that no single
technology can be applied to all
wastewater treatment cases and, as
such, the selection of a technological
solution should be made using a
sustainability matrix that weighs the
characteristics of alternatives based on
the criteria suggested in the DWWM
Policy (MWI, 2016b). The assessments
should always include relevant experts,
whose judgments should consider how
the technology fits the Jordanian context
and how it will be perceived by the
general public. Furthermore, a
wastewater treatment technology should
never be selected without considering
reuse irrigation systems. For instance, a
sub-surface irrigation system might be
preferable for house onsite wastewater
management. This is particularly true if
the treated effluent is stored in a
collection tank before being pumped and
reused for irrigation. Effluent storage
during summer months is associated
with an increased risk of pathogenic re-
contamination, which could be
eliminated by applying a sub-surface
drip irrigation system. In any case,
irrigation system selection criteria have
to be added to the selection matrix.
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Moreover, a certification process —
which is currently under development by
NICE - will ensure proper selection and
operation of technological solutions. The
planned certification scheme will provide
a certification framework for all WWTPs
with a capacity of up to 5.000 PE, and
shall describe procedures for certifying
O&M staff in Jordan. Furthermore, it will
list specifications for the materials,
design and construction, and
performance testing. The certification
process will also specify the minimum
written documentation that the
manufacturer will pass on to the owner.
It should be noted that WWTPs with
capacities under 5.000 PE were
selected in order to be in line with the
National Water Strategy 2016 — 2025
(MWI, 2016a) and the National Strategic
Wastewater Master Plan (IRG, 2013).

In Jordan, ownership and maintenance
for decentralized systems are
transferred to individual homeowners or
small communities. This leads to a
fragmentation of the responsibilities for
operation and maintenance, which can
result in overburdening the owners.
Alternatively, business models should be
created in which ownership of
decentralized and centralized facilities
are under one roof and a cluster of multi-
sized treatment systems are operated
and maintained by a single competent
enterprise. The resulting costs are
passed on in the form of wastewater
charges to all connected citizens (both in
metropolitan and rural areas). This
business model can be described using
the term "central management of
decentralized infrastructures”.
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However, governmental support of
small-scale DWWTPs is currently limited
to locations at which groundwater quality
is threatened, due to leakage from
cesspools. The situation may change in
the near future, especially because
governmental subsidies could be
indispensable to the ability of the WAJ to
provide expanding peri-urban areas with
high-quality, reliable sewage networks
and treatment systems. Until the current
situation changes, any suggested
business model should not contain
subsidies, but rather consider
technologies that could utilize different
waste streams to produce energy and/or
recover other resources to facilitate a
circular economy. Value creation could
provide cost recovery in the sanitation
sector; for instance, biological material
that has been subjected to anaerobic
digestion could create energy as well as
compost — which could be returned to
the soil to reduce the need for chemical
fertilizers and soil amendments. At the
global level, Drechsel et al. (2018)
estimated that capturing all of the
nutrients from current stocks of cattle,
chicken, pig and sheep manure would
yield an amount that is more than twice
the world’s current consumption of N, P
and K. In Jordan, such possibilities have
to be further investigated and explored,
and accordingly, a new regulatory
framework has to be established.

In conclusion, realistic standards have to
be established through the development
of SSPs at catchment or sub-catchment
levels, with the aim of achieving
significant cost savings. At the same
time, the potential for value creation

from various waste streams should be
investigated.

6.3 Cultural and social

measures

Combining wastewater treatment with
agricultural irrigation has been
commonplace in Jordan for several
decades. Almost all of the wastewater
treated receives at least secondary
treatment. This means that the effluent
quality mostly covers Class C as defined
in JS 893 (2006). Moreover, large reuse
schemes are still limited to the indirect
reuse of ‘mixed water’, meaning that
effluent from CWWTPs is mixed with
surface water. Apparently, this part of
the current wastewater management
approach is generally accepted by the
public. In contrast, direct reuse is
handled far stricter in the agreements
between the WAJ and farmers, as even
tertiary TWW can only be used to
irrigate fodder crops and fruit trees. A
main reason for this restriction is the
societal perception of water originating
from WWTPs, which partly stems from
the fact that public awareness programs
have so far ignored promoting direct
reuse of TWW.

The assurance of the water quality is the
responsibility of the treatment plant
operator, as well as the reliable external
monitoring bodies. However, if levels of
confidence in operators and authorities
are in general low additional measures,
such as monitoring done by independent
supervisory bodies, and transparent
communication with the water users, are
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necessary to create confidence in TWW
quality (DWA, 2019).

Hence, the government should invest in
public awareness programs that focus
on disseminating relevant knowledge
about wastewater treatment and reuse.
For instance, Jordanian society accepts
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greywater reuse more readily than TWW
reuse despite the fact that raw greywater
might be as polluted as domestic
wastewater. This is best reflected in the
current reclaimed greywater use
standards (JS 1776/2013), which permit
the use of treated greywater for
unrestricted irrigation.



Recommendations
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he severe water scarcity in
I Jordan effectively makes
wastewater treatment and reuse

an attractive option for preserving and
extending available water supplies. The
reuse of properly TWW into national
water resources management has clear
benefits for public health, groundwater,
the environment and economic
development. Treated wastewater may
provide a significant renewable and
reliable water source, and will contribute
to the conservation of freshwater
resources. Furthermore, it constitutes a
valuable source of water and nutrients in
agricultural schemes, therefore, TWW
can also be valuable in terms of reduced
chemical fertilizer use and increased
agricultural productivity. However, these
benefits can only be realized if the
Jordanian government takes actions to
improve the current situation and
overcome existing obstacles.

Increasing the production of TWW

Currently, approximately 163 MCM/year
of TWW is generated in Jordan (MWI,
2018). This is primarily achieved by
sewer-bound CWWTPs serving bigger
cities and densely populated areas.
Increasing the amount of TWW can only
be achieved by extending the access of
the population to treatment plants to
rural and peri urban areas. Due to
economic reasons, a combination of
channel-bound systems with non-
channel-bound solutions of all size
classes should be prioritized, leading to
the formation of clusters from
centralized, semi-centralized and
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decentralized wastewater treatment
solutions.

Consolidation of DWWTPs and reuse
systems

Within the WAJ, the main obstacles to
extend decentralized wastewater
infrastructures and reuse systems are
staffing constraints and uncertainties for
trouble-free operation.

From a technical point of view, not all
available decentralized technologies are
easy to operate and maintain. As a
result, NICE is currently developing a
certification scheme for smaller plants
that will ensure the safe reuse of TWW
after implementation. The planned
certification shall provide a framework
for WWTPs with capacities of up to
5.000 PE, and will also describe the
certification procedure for personnel
involved in the operation and
maintenance of such WWTPs in Jordan.
The certification shall specify the
materials, designs and construction, and
performance testing for DWWTPs and
treatment plants for greywater.
Moreover, it will describe the minimum
written documentation that a
manufacturer must hand over to the
owner.

The control and management of
DWWTPs must be managed by an
independent unit under the umbrella of
MWI/WAJ. An official database
(inventory) should be created and
maintained listing all existing DWWTPs,
monitoring plans and performance data
as it is an important tool for central
management of decentralized
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infrastructures. It should be noted;
however, operation, maintenance and
monitoring should be outsourced and
could be covered by existing private
companies or associations that already
operate CWWTPs.

Moreover, DWWTPs are currently
obligated to comply with the irrigation
standard JS 893 (2006), which does not
meet the specific requirements of
decentralized systems. The increase in
decentralized technologies in Jordan
makes this a concerning finding. For this
reason, the current standard should be
updated or a new standard set for
DWWTPs, as described in the DWWM
Policy (MWI, 2016b), should be
implemented.

Optimizing CWWTPs

Regarding CWWTPs in Jordan, the
responsible ministries should plan
further investigations that evaluate the
performance of certain WWTPs that are
producing an effluent which does not
comply with (JS 893, 2006) (see 2.
Centralized Wastewater Treatment
Plants). The results of these studies can
then be used to make recommendations
for improving the performance of these
facilities. Increasing the quality and
secure delivery of TWW will also create
high quality reuse options.

Decreasing water transfer losses

Approximately 80% or more than

131 MCM/year of TWW in Jordan is
discharged into wadis and blended
(mixed) with rain water/freshwater to be

mainly used in the Jordan Valley for
unrestricted irrigation (indirect reuse).

Transfer and storage of TWW by river
(wadi) runoff causes losses through
infiltration and evapotranspiration.
Consequently, the amount of TWW that
reaches the irrigation fields in the Jordan
Valley may be well below the total
available amount.

Reducing these losses could be a
measure to optimize irrigation efficiency.
To this end, the magnitude of these
water transfer losses should be
investigated with solutions being
proposed and evaluated if required.

Increasing direct reuse

An additional optimization measure
could be the reduction of indirect reuse
in favor of a direct reuse of TWW in the
vicinity of the WWTPs. Unnecessarily
strict restrictions (e.g. high limits in JS
893/2006) of TWW reuse should be
abandoned. For example, direct effluent
reuse in irrigation is currently mainly
applied to fodder crops and fruit trees.
Moreover, unrestricted irrigation is only
allowed after mixing TWW with other
freshwater resources. These restrictions
might be attributed to institutional
fragmentation, which has resulted in a
low level of MoA involvement in
processes that lie downstream of
WWTPs.

Adjustment of water tariffs

Even though wastewater is already
actively reused in irrigation in Jordan,
the current system is still far from
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achieving the maximum benefits. It is
important to point out that the
agricultural sector is highly subsidized
by the government; therefore, the
current water tariffs should be
reconsidered.

The tariffs for all other freshwater
resources should also be reconsidered,
particularly in the case with the recent
National Water Strategy 2016 — 2025
due to basing the tariff calculations on
water allocation models. The
reconsideration of tariffs would also
support the development of successful
business models.

Enforcement of sanitation safety
planning

Sanitation safety planning for different
catchment areas, which are in
accordance with the IWRM principles
presented in the National Water Strategy
2016 — 2025, would consider all of the
agricultural inputs, prioritize hazards and
define specific control measures
(actions) that would minimize associated
risks (MWI, 2016a). An example of this
is the regular fecal contamination of
underground water resources — a direct
result of the lack of wastewater
treatment in some areas — which
requires urgent action to safeguard
public health, groundwater resources
and the environment.

Enforcing SSP would also provide the
basis for new standards and would be
beneficial in terms of savings in
wastewater treatment investments,
which have earlier been ineffective due
to downstream contamination sources.
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Moreover, SSPs would also improve
coordination among wastewater
management stakeholders,
consequently reducing the current
burden on the WAJ and ensuring that
each member is responsible for their
legally defined tasks.

Making biosolids a resource

The Jordanian government is aware of
the importance of managing biosolids
and recognizes this as a short-term
priority. As a matter of priority,
investments should first be made in
programs that fully demonstrate the
benefits of such reuse. An example
would be in applications that do not pose
a health risk to the population such as
restoration of degraded or saline soils to
afforestation.

For the recovery of resources from
wastewater in the context of a circular
economy, scientific knowledge and
technical know-how from around the
world should be exchanged to establish
new criteria or guidelines for the
sustainable management of biosolids in
Jordan. Accordingly, it is recommended
to check the consistency of JS 1145
(2016) for the reuse and disposal of
biosolids.

In addition, appropriate sludge
stabilization procedures, standardized
sampling and analytical techniques and
adequate monitoring and enforcement
guidelines should be established to
optimize the biosolids management in
Jordan.
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Strengthening social acceptance

Public awareness programs have thus
far failed to promote TWW reuse due to
community acceptance. The government
should therefore invest in public
awareness programs that focus on
wastewater treatment and reuse
ensuring to address cultural and social
concerns. All relevant stakeholders
should participate from the initial stages
of the implementation of reuse projects
to further stimulate acceptance.
Moreover, any wastewater reuse
initiative must have effective safety
measures in place, such as, frequent
monitoring of effluent quality and control
measures in the case of deviations to
prevent negative externalities to either
the environment or public health. Based
on the results presented in Chapter

2. Centralized Wastewater Treatment
Plants, the current control mechanisms
are not working properly. It is of concern,
that almost 40% of the CWWTPs are still

operating although they do not meet the
limits specified in Standard JS 893
(2006).

SDG Goal 6

The recommendations listed in this
section could serve as a first basis to
assist Jordan in achieving the SDG Goal
No. 6 for sustainable development,
described by the United Nations.

The recommendations aim at improving
water quality by reducing pollution,
eliminating dumping, halving the
proportion of untreated wastewater and
substantially increasing safe reuse of
TWW. It also aims to significantly
increase water-use efficiency across all
sectors and ensures sustainable
withdrawals and supply of freshwater to
address water scarcity and substantially
reduce the number of people suffering
from water scarcity.
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9. Definitions and Terminology

Biosolids

Sewage sludge which has been adequately treated (sludge stabilization) and processed which can be
utilized as fertilizer to improve and maintain productive soils and stimulate plant growth (WWAP, 2017).

Centralized Wastewater Treatment Plant (CWWTP)

Managed systems consisting of a collection of sewers and a single treatment plant used to collect and
treat wastewater from specific service areas (WWAP, 2017).

Circular economy

An economy which balances economic development with environmental and resource protection. It
places emphasis on the most efficient use and recycling of resources, and environmental protection. A
circular economy features a low consumption of energy and other resources, low emission of pollutants,
minimum waste production and high efficiency. It involves applying a cleaner production in companies,
as well as eco-industrial park development and integrated resource-based planning for development in
industry, agriculture and urban areas (WWAP, 2017).

Decentralized Wastewater Treatment Plant (DWWTP)

Decentralised wastewater systems collect, treat, and reuse or dispose of wastewater at or near its point
of generation. With reference to the Jordanian Decentralized Wastewater Management Policy (MWI,
2016b), decentralized wastewater treatment systems are defined as follows: “Domestic wastewater
treatment plants for small residential groups with a design capacity below 5.000 Population Equivalent’

Direct reuse
Reuse schemes when TWW is used for agricultural irrigation without blending it with other water sources.
Disinfection

Removal and inactivation of harmful microorganisms to raise the quality of the TWW before irrigation
(ISO 16075-1, 2015).

Domestic wastewater

Composed of blackwater, greywater and potentially other types of wastewater derived from household
activities and residential settlements (WWAP, 2017).

Fodder crops

Crops not for human consumption such as pastures and forage, fiber, ornamental, seed, forest, and turf
crops (ISO 16075-1, 2015).

Greywater

Wastewater generated from a washing machine, bathtub, shower or bathroom sink, collected separately
from a domestic wastewater flow. It does not include wastewater from toilets (WWAP, 2017).

Indirect reuse

Reuse schemes when TWW is used for agricultural irrigation after blending with other water sources
(mainly surface water).
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Primary treatment

Removal of a portion of the suspended solids and organic matter from raw wastewater (WWAP, 2017).

Reclaimed water

Treated wastewater that can be reused under controlled conditions for beneficial purposes (WWAP,
2017).

Restricted irrigation

Use of reclaimed water for non-potable applications in settings where public access is controlled or
restricted by physical or institutional barriers (ISO 16075-1, 2015). JS 893/2006 must be applied and
TWW quality should meet JS 893/2006 in order to be used for irrigation in agriculture.

Secondary treatment

Removal of biodegradable organic matter (in solution or suspension), suspended solids, and nutrients
(nitrogen, phosphorus, or both) (WWAP, 2017).

Sewage

Wastewater and excrement (blackwater) conveyed in sewers (WWAP, 2017).

Sludge

The nutrient-rich organic materials resulting from the treatment of domestic sewage in a wastewater
treatment facility (WWAP, 2017).

Tertiary treatment

Removal of residual suspended solids (after secondary treatment), further nutrient removal and
disinfection (WWAP, 2017).

Treated wastewater

Wastewater which has undergone any kind of primary, secondary and possibly tertiary treatment (DWA,
2019).

Unrestricted irrigation

Use of reclaimed water for non-potable applications in settings where public access is not restricted (ISO
16075-1, 2015). Blended water (TWW mixed with rainwater/ freshwater) must meet the Irrigation Water
Quality Guidelines (JS 1766:2014) in Jordan.

Water reuse

Use of reclaimed water under controlled conditions for beneficial purposes, such as agricultural or
landscape irrigation etc.; synonymous to water reclamation (ISO 16075-1, 2015).

Wastewater management

Includes the prevention or reduction of pollution at the source , the collection and removal of contaminant
from wastewater streams, and the beneficial use and/or disposal of treated wastewater and its by-
products (WWAP, 2017).

Wastewater Treatment Plant (WWTP)

Facility designed to treat wastewater by a combination of physical (mechanical) unit operations and
chemical and biological processes, for the purpose of reducing the organic and inorganic contaminants
in the wastewater (ISO 16075-1, 2015).

83



Reuse of Treated Wastewater and Biosolids in Jordan |

10. Photo Credits

Page x © Dr. Marc Breulmann
Page 7 © Dr. Marc Breulmann
Page 67 © André Kiinzelmann

Page 72 © Dr. Marc Breulmann

Introduction
Page 9 © André Kiinzelmann

Page 13 © André Kiinzelmann

Centralized Wastewater Treatment Plants
Page 17 © Dr. Marc Breulmann

Decentralized Wastewater Treatment Plants

Page 35 © Dr. Marc Breulmann
Page 42 © André Kiinzelmann
Page 44 © Nabil Wakileh

Best Practice for the Reuse of Treated Wastewater and Biosolids

Page 45 © André Kiinzelmann
Page 49 © Agaba Water Company
Page 51 © Amal Hijazi

Page 52 © Agaba Water Company
Page 53 © Feras Rahahleh

Page 54 © Nabil Wakileh

Bottlenecks Regarding the Sustainable Reuse of Treated Wastewater and
Biosolids

Page 55 © André Kiinzelmann

Policy Measures that would Ensure the Long-Term Sustainability of
Wastewater and Biosolids Reuse

Page 61 © Dr. Ganbaatar Khurelbaatar

84



Reuse of Treated Wastewater and Biosolids in Jordan | Nationwide Evaluation

11. Annexes

11.1  Quantities of treated wastewater produced by CWWTPs in
Jordan
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Annex Figure 1 Average quantity of treated wastewater produced by centralized wastewater treatment
plants in the Northern Governorates.
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Annex Figure 2 Average quantity of treated wastewater produced by centralized wastewater treatment
plants in the Middle Governorates.
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11.2 Total area of land irrigated with wastewater from CWWTPs
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Annex Figure 4 Total area of land irrigated with treated wastewater from centralized wastewater
treatment plants in the Northern Governorates.
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Annex Figure 5 Total area of land irrigated with treated wastewater from centralized wastewater
treatment plants in the Middle Governorates.
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