=

JOUENAL OF
WATEE AND LAND

www.czasopisma.pan.pl P N www.journals.pan.pl

JOURNAL OF WATER AND LAND DEVELOPMENT

e-ISSN 2083-4535

| Polish Academy of Sciences (PAN), Committee on Agronomic Sciences
Section of Land Reclamation and Environmental Engineering in Agriculture

JOURNAL OF WATER AND LAND DEVELOPMENT
2020, No. 46 (VII-IX): 71-83
https://doi.org/10.24425/jwld.2020.134199

Received 24.12.2019
Reviewed  13.05.2020
Accepted 03.06.2020

Available (PDF): http:/fwww.itp.edu.pl/wydawnictwo/journal; http://journals.pan.pl/jwid

Sustainable sewage sludge management
in Morocco: Constraints and solutions

Abdessamad GHACHA® **, Mohammed AMMARI®, Laila BEN ALLAL

Abdelmalek Saadi University, Faculty of Sciences and Techniques, Research Team of Materials, Environment and Sustainable
Development, Avenue Abi Chouaib Doukkali, Tangier 90000, Morocco

For citation: Ghacha A., Ammari M., Ben Allal L. 2020. Sustainable sewage sludge management in Morocco: Constraints and solu-

tions. Journal of Water and Land Development. No. 46 (V1I-I1X) p. 71-83. DOI: 10.24425/jwld.2020.134199.

Abstract

The remarkable development of sanitation in Morocco has inevitably led to the production of sludge generated from
wastewater treatment plants in increasing quantities. Consequently, the problem of sludge management becomes persistent
and worrying.

The aim of this paper was to contribute to the study of sewage sludge management issue in Morocco by identifying the
various constraints hampering the sustainable disposal and/or recovery of municipal sewage sludge and drawing up rec-
ommendations for the decision-makers. Moreover, in the context of improving by learning from best practices and seeking
common solutions regarding this problematic, benchmarking with other countries has been conducted as well.

To carry out this study, a methodological approach was defined based on bibliographic research, surveys, interviews
and benchmarking.

The constraints hampering the sustainable management of sludge are numerous and complex, they have not been tech-
nical and environmental but also a regulatory, institutional-organizational and economic-financial nature yet. Therefore,
municipalities, government and academia ideally would be encouraged to participate in the decision-making process re-
garding the management of sewage sludge. Technical solutions, when coupled with stakeholder participation, can lead to
policy implementation with a higher chance of improving the present situation.

In the case of Morocco, when comparing with others sludge recovery and disposal routes, land application (reuse in ag-
riculture, silviculture and rehabilitation of degraded soils) remains the most environmentally friendly option, as well as

a sustainable and economically viable solution.
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INTRODUCTION

The quantity of worldwide wastewater has been in-
creasing rapidly in the last decades due to significant popu-
lation growth and increased use of fresh water for various
purposes. Wastewater, if not properly treated, can harm the
environment and public health.

In Morocco, to surmount the delay in the sanitation
sector, in 2005, the government adopted the National Sani-
tation Program with the objective of improving the health
conditions of 10 million inhabitants in 330 Moroccan cities
and towns by the year 2020. This ambitious program has
since led to the construction of more than 130 wastewater
treatment plants and a national wastewater treatment rate
of 45% in 2017 instead of 7% in 2007 [DGCL 2017].

This important development of sanitation in Morocco
has caused a significant increase in the flow of generated
sewage sludge. Therefore, and since the national sanitation
program did not integrate the sludge component, the sew-
age sludge management issue has arisen and become per-
sistent and worrying and encourages the implementation of
a sustainable strategy so as not to compromise the future of
sanitation in Morocco.

After explaining the extent of sludge management
problematic in Morocco, the aim of this paper was the con-
tribution to the study of sewage sludge management issue
in Morocco by identifying the various constraints hamper-
ing the sustainable disposal and/or recovery of municipal
sewage sludge and drawing up recommendations for the
decision-makers. Moreover, in the context of improving by
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learning from best practices and seeking common solutions
regarding this problematic, benchmarking with other coun-
tries has been conducted as well.

STUDY METHOD

Morocco, like many countries in the world, has not
made progress in setting up sludge recovery and disposal
strategy yet, due to several constraints hampering its de-
velopment. The constraints are numerous and complex and
have different dimensions: regulatory, institutional-organ-
izational, economic-financial, technical and environmental
dimensions.

To contribute to the study of sewage sludge manage-
ment issue in Morocco this study was carried out using
a methodological approach based on bibliographic re-
search, interviews and surveys. This methodology has al-
lowed the explanation of the extent of sludge management
problematic in Morocco and the identification of the vari-
ous constraints hampering the sustainable disposal of sew-
age sludge,

Moreover, in the context of improving by learning
from best practices and seeking common solutions regard-
ing this problematic, benchmarking has been conducted as
wellwith other countries from Europe (Germany and UK)
and Middle East (Sultanate of Oman) and North Africa
(Tunisia).

The international benchmarking is an important source
of reflection and action. This tool allows to situate a coun-
try in relation to other countries, to learn and discuss the
“good practices” implemented, to enlighten the choices of
the public and private actors on significant international
trends, to transpose measures which have proved their
worth abroad and to offer other countries successful expe-
riences implemented in a specified country. In addition,
this process also makes it possible to improve knowledge
of the specific needs of certain countries and thus to put in
place important policies.

The choice the concerned countries was based on the
geographical repartition and their different and interesting
experiences on sewage sludge management.

RESULTS AND DISCUSSION

NATIONAL PROGRAM OF SANITATION AND SEWAGE
SLUDGE MANAGEMENT ISSUE

The sanitation sector in Morocco has until 2005 ac-
counted a very long delay and hasn’t been included in the
State priority list. This situation of inadequate collection
and treatment of wastewater has generated negative health
and environmental impacts. To respond to this situation
and catch up in this area of sanitation, the Moroccan State
initiated the National Liquid Sanitation Program (PNA) in
2005, with the objective of contributing to the increase in
wastewater collection and treatment rates with a total in-
vestment cost of 43 bin dirhams (4 bin Euros) until 2020.
The operational objectives of the PNA are to achieve an
overall connection rate to the sewerage network in urban
areas of 75% by 2016, 80% by 2020 and 90% by 2030, and

reach a volume of treated wastewater of 50% in 2016, 60%
in 2020 and 100% in 2030. The 330 cities and urban cen-
ters concerned will ultimately total about 10 min inhabit-
ants [DGCL 2017; MEMEE 2015].

In order to achieve these objectives, all the actors in-
volved in the field have intensified efforts. Indeed, the cur-
rent balance is remarkable; up to the end of 2016, the PNA
has achieved a connection rate in urban areas of 75% and
wastewater treatment rate of 45% instead of 7% in 2006
[DGCL 2017].

Since 2005, many wastewater treatment plants
(WWTP) have been constructed and, as shown in Fig. 1,
the evolution per year of the number of WWTP operating
in Morocco was significant.

The remarkable development of sanitation in Morocco
has inevitably induced the production of sludge generated
from municipal sewage treatment plants in increasing
guantities.
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Fig. 1. Total number of wastewater treatment plant (WWTP)
operating in Morocco; source: own elaboration based on:
MEMEE [2018] and SWIM H2020 SM [2018]

Consequently, the problem of sludge management has
become persistent and worrying and encourages the im-
plementation of a sustainable strategy so as not to com-
promise the initial program of liquid sanitation.

As illustrated in Figure 2, the rate of production of
sludge from WWTP in Morocco is quite rapid and the pro-
duction will reach in 2020 more than 110 t DM (dry mat-
ter).

The destiny of sludge from sewage treatment plants is
one of the major issues in the management of the sanitation
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Fig. 2. Current and future state of sewage sludge production in
Morocco; source: Soupli [2018]
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service. The increasing volumes of treated wastewater nec-
essarily lead to an increase in the quantities of sludge gen-
erated at a time when institutional and regulatory issues in
the management of sludge remain inadequate, hindering
their recovery and disposal. This situation is a constraint
on the sustainability of sanitation projects. In the absence
of sludge disposal options and in the objective to reduce its
production, the sludge is accumulated in treatment basins
(in the case of lagoons treatment plant) or left recycling
longer than necessary in treatment reactors (in the case of
activated sludge treatment plant), which would significant-
ly reduce the treatment performance. Furthermore, the
sludge is eliminated for many cases in the vicinity of the
WWTP, as illustrated in Photo 1, showing the produced
sludge is stored directly on the site reserved for the exten-
sion of the plant. The environmental impacts and the nui-
sances generated are important.

Photo 1. Sewage sludge stored near wastewater treatment plant
(phot. A. Ghacha)

Moreover, it should be remembered that the initial ver-
sion of the PNA did not include the sludge component, and
it was only after three years that its strategic review was
carried out to include, among others, this component.

Immediately after, and in order to anticipate the prob-
lematic sewage sludge management, the State Secretariat
for Water and Environment (Fr. Secrétariat d'Etat Chargé
de I'Eau et de I'Environnement — SEEE) started in 2008
studies for the development of a national strategy for sew-
age sludge management. However, the implementation of
the recommendations of this strategy is not yet concretized
on the ground. Apart from a few isolated and insufficiently
consistent initiatives (realization of some pilot projects,
initiative for the establishment of a draft decree for sewage
sludge recovery), which have failed for most of the time,
the past period can be described as a near-empty period or
as a period of learning and awareness of the urgency of
setting up sludge management solutions adapted to differ-
ent situations [SoupI 2015].

STATUS OF SEWAGE SLUDGE MANAGEMENT
IN MOROCCO

Study of the National Sludge Management Strategy

In its initial version, the PNA did not integrate the
sludge component, but during its strategic review in

November 2007, with the assistance of donors, proposals
for readjustment of a number of components and imple-
mentation mechanisms have been formulated. Among
these readjustments, the need to develop a national sludge
management strategy was recommended.

It is in this context that the State Secretariat for Water
and Environment (SEEE) started in 2008 studies for the
development of this strategy. The studies had the following
objectlves [MEMEE 2010]:

— diagnosis of the current situation with projections of
sludge production,

— analysis of international experiences,

— proposal for potential treatment, recovery and elimina-
tion channels adapted to the Moroccan context,

— proposal of an organizational, institutional and sludge
management system,

— proposal of a plan of action of accompaniment to the
implementation,

— elaboration of a manual of good practices of manage-
ment of the sludge of the sewage treatment plants in
Morocco.

According to these studies, three important destina-
tions are to be promoted in Morocco for non-hazardous
sludge and are reported below in order of preference:

— green recovery: agricultural reuse, rehabilitation of de-
graded sites, reuse in silviculture and forest nurseries
and ornamental plants,

— recovery in cement plants,

— combined landfill or mono-landfill, depending on the
situations and constraints; it is clear that mono-landfill
is a solution of last resort.

The cost of implementing the strategy was estimated at
70 min dirhams [MEMEE 2010].

As mentioned before, the implementation of the rec-
ommendations of this strategy is not yet concretized on the
ground. Apart from a few isolated and insufficiently con-
sistent initiatives (the realization of some pilot projects, the
initiative of establishment of a draft decree for sewage
sludge recovery), which have failed for most of the time,
the past period can be described as a near-empty period or
as aperiod of learning and awareness of the urgency of
setting up sludge management solutions adapted to differ-
ent situations [SouDI 2015].

Current destination of sewage sludge in Morocco

Morocco, like the countries of the Middle East and
North Africa (MENA) region, is not yet advanced in terms
of implementation of sludge disposal and recovery meth-
ods. The sludge is thus accumulated in the vicinity of
WWTP, causing a nuisance to residents and the surround-
ing environment or, in most cases, where possible, is
dumped in landfills. At times, the operators are forced to
leave the sludge “masked” in the treatment basins, which is
reflected by asignificant loss of the purification perfor-
mance of the treatment plant. This situation has been well
and truly lived in Tunisia [ONEE, FAO 2016].

The results of the data analysis of a survey conducted
in 2005 at 34 WWTP points out that in 56% of the WWTP
surveyed, the sludge produced is essentially naturally dried
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and transported to public landfills, and 6% pay royalties
for the municipality. 24% of WWTP evacuate sludge in
drying beds waiting for a convention with zero fees with
the municipality for landfill and a framework contract for
sludge transportation. 10% did not report anything about
the final destination of the sludge.

It is necessary to note that the olfactory nuisances em-
anating from the sludge stored near the treatment plant and
the remoteness of landfills are two major problems facing
80% of WWTP.

As for the national experience in the field of sludge re-
covery, including reuse in agriculture, considered the most
adapted to the Moroccan case, it should be noted that this
route remains undeveloped and insufficiently explored. In
addition, there are currently no agricultural recovery pro-
jects carried out on a representative scale and with success.
However, in order to generate a technical and normative
reference, some pilot projects have been carried out and
aimed to subsequently generalize the agronomic recovery
of sludge at the national level and to stimulate reflection on
the establishment of an appropriate regulatory and institu-
tional arsenal for this sector and concerted with stake-
holders.

Sludge spreading pilot projects have taken place in
Grand Nador and Dar El Gueddari. However, although
these tests were successful mid-term in terms of sludge
quality, the experiences were interrupted by the disen-
gagement of project participants. In addition, a pilot test of
co-composting sludge generated by the WWTP of M'Zar
with other organic waste was carried out in Agadir. The
quality of the compost obtained was in accordance with the
European standard NFU 44-095, and it emerges from this
experiment that the reuse of composted sludge is technical-
ly and normatively controllable [Soupi 2015].

Concerning the energy recovery from sewage sludge,
it is little developed in Morocco. Biogas cogeneration from
sludge is done at a few stations. For example, at the Mar-
rakech WWTP, which produces an average of 71 Mg of
sludge at 31% dryness, 800 Nm?® per day of biogas is pro-
duced and used for the cogeneration of electricity for the
plant. At Khouribga WWTP, the production of the biogas
is about 2600 Nm® per day, which is used to satisfy 100%
of the thermal energy need of the plant and 30-40% of its
electrical energy need. At WWTP of Fez, 50% of its ener-
gy need is ensured by recovered biogas. 22 min KWh-year™
of electricity is produced by capturing 15 000 m*-day™ of
biogas.

Landfilling, internationally described as an unsustain-
able option and last resort, seems to be the trend in Moroc-
co today. In fact, most sanitations operators prioritize it
until the technical, institutional and regulatory standards
relating to sludge management are put in place. Recently,
however, there has been a blocking situation caused by the
reluctance of many municipalities to receive sludge in their
landfills (huge quantities of sludge, olfactory nuisances,
overproduction of lixiviate, landfill saturation). Moreover,
the operators, in case their sludge is accepted in the land-
fills, are sometimes obliged to pay negotiated and non-
statutory fees to the municipalities.

As will be mentioned below, the sludge status in Mo-
rocco is not clearly defined and can promote this lack of
synergy between the sludge producers and municipalities.

Facing this impasse situation encountered in sewage
sludge disposal and/or recovery, Moroccan operators of the
wastewater facilities have recently started looking for solu-
tions to reduce the quantities of sludge produced in waste
water treatment plants by targeting high degrees of com-
pression of the sludge.

In fact, several projects (in Nador, Hoceima, Dakhla,
Fez and Marrakech) are underway concerning the solar
sludge drying system and aimed to increase the sludge
dryness rate from 20-30% to 60-80%. The implementation
of these sludge-dewatering projects will considerably re-
duce the volume of the sludge produced in the plants and
consequently reduce the cost of an eventual sludge
transport. In addition, dewatering makes the sludge more
stable and more suitable for any recovery.

IDENTIFICATION OF THE CONSTRAINTS
HAMPERING THE SLUDGE RECOVERY
AND DISPOSAL IN MOROCCO

Technical and environmental constraints

The majority of the recovery and/or disposal methods
are constrained by problems linked to the quality of the
sludge produced in treatment plants.

Currently, the sludge produced in the majority of
WWTP is characterized by drynesses not exceeding 25%.
This dryness is not appropriate for the majority of recovery
and/or disposal methods for the following reasons:
transport over cost, overproduction of leachate in the event
of landfill, high moisture content of the sludge does not
encourage cement plants to receive them in their furnaces.

For land application in agriculture, there’s a difficulty
in guaranteeing the quality of the crops applied in the case
of agricultural reuse [MEMEE 2010]. In addition, the qual-
ity of the sludge is both an advantage (presence of residual
nutrients, such as nitrogen and phosphorus) [ANTONKIE-
wicz et al. 2019] but also a source of risk (heavy metals,
presence of pathogenic germs) [ANTONKIEWICZ et al. 2018].

Additionally, the sludge generated by the WWTP is
not always in the immediate vicinity of the recovery zones
(cement plants, agricultural zones), which requires
transport of the sludge for a long distance.

Last but not least, the demand in time for sludge recy-
cling is not the same as the logic of availability. In fact, the
sludge production is quasi-regular in daily frequency and
in large quantities (case of activated sludge plant), while
the demand is not regular.

Regulatory constraints

The situation characterizing the crucial problem relat-
ed to sludge management is a direct consequence of the
legal deficiencies. In particular, there is a lack of clarity in
the status of sludge and an absence of standards for recov-
ery and/or disposal and the conditions governing the use of
sludge, in particular, in the case of spreading options.
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The two texts allowing the assessment of the condi-
tions for the management of sewage sludge are: firstly, the
Decree No. 2-07-253 (18 July 2008) on the classification
of waste and fixing the list of hazardous wastes (Annex I,
code 19), which classifies sludge as “hazardous waste”.
This decree was adopted pursuant to the Law No. 28-00 on
waste management and disposal [Loi n°28-00]. There is no
standard reference for determining the thresholds for judg-
ing the assimilation of waste into household waste. For this
reason, sludge is not accepted by many municipal landfills
or accepted with payment of a concerted and non-regula-
tory fee. Secondly, treatment plants have the status of clas-
sified installations. Thus, their construction is subject to
legislation relating to the Dahir of 25 August 1914 on the
regulation of unhealthy, disturbing or dangerous estab-
lishments and the Dahir No. 1-03-60 concerning the prom-
ulgation of the Law No. 12-03 relative to the studies of
impact on the environment.

The regulations governing the sludge generated from
of WWTP remain unclear and incomplete.

Institutional and organizational constraints

The absence of a leadership organization that takes
charge of piloting the management of the sludge of WWTP
is one of the major constraints hampering the development
of this sector. Indeed, the diversity and multiplicity of the
actors constitute a real difficulty in defining the roles of the
stakeholders. This multitude of actors and the overlapping
of their responsibilities make it difficult to identify those in
charge of planning, project management and operation re-
lated to this sector.

In Morocco, although the organic law stipulates that
the management of the sanitation service falls within the
competence of the municipalities, the majority of the latter,
after delegation of their sanitation services to operators of
the domain, disengage itself from all its responsibilities
concerning these services, including the sludge sector, and
put all the responsibility of sludge elimination on the oper-
ators. Indeed, since the delegated management agreements
do not specify the method and the cost of sludge manage-
ment in its clauses, the operator is always the only one to
take the initiative to find sludge elimination solutions,
faced with the reluctance often of the municipalities to ac-
cept this sludge in their landfills.

It is noteworthy that landfill has to be the last option to
be considered in sewage sludge elimination for many rea-
sons (the volume of sludge, the high operational cost of
landfills, environmental impacts: leachate, odours etc.).
Nevertheless, in a transient way, the process of landfill
remains inevitable [MEMEE 2010].

Economic and financial constraints

One of the major problems of sludge management is
the high cost of sludge treatment, which is often more than
50% of the total treatment cost of municipal wastewater
[LENSet al. 2004].

In order to understand the economic and financial
stakes involved in sludge management (recovery and/or

disposal), the following questions should be asked: Who
pays the investment after having clearly opted for a sludge
recovery option? Who pays for the infrastructure opera-
tion? Who pays the expenses inherent in the management
of this sector? And finally, who pays the expenses of quali-
ty control to the monitoring of the environmental and sani-
tary impact of an eventual sludge recovery?

To date, all these questions remain unanswered due to
the lack of a clear regulation governing the sewage sludge
sector.

INTERNATIONAL SEWAGE SLUDGE MANAGEMENT
European countries

General information. In 2005, the annual sewage
sludge production in EU-27 was estimated to be 10.9 min t
DM. Indeed, the implementation of the urban waste water
treatment (UWWT) Directive 91/271/EC forced EU-15
countries (old Member States) to improve their wastewater
collecting and treatment systems. As a result, an almost
50% increase in annual sewage sludge production in EU-
15 was noticed, from 6.5 min t DM in 1992 to 9.8 min t
DM in 2005. On the other hand, the annual sewage sludge
production in EU-12 (new Member States) was estimated
to be 1.1 min t DM in 2005. The implementation of
UWWT Directive 91/271/EC by the new EU-12 members
will certainly increase production to reach 13 min t DM in
2020 [KELESSIDIS, STASINAKIS 2012].

As shown in Figure 3, sewage sludge production
seems to be differentiated significantly between different
European countries. Germany is the highest producer of
the sludge, followed by the United Kingdom, Spain and
France.

Regarding sewage sludge management, as shown in
Figure 4, the main methods of sewage sludge management
in the EU remain agricultural use and incineration. Even
though approximately about 40% of the total sludge pro-
duced in the EU is used for agriculture purposes, the indi-
vidual EU countries are very different in terms of the
amount used for agriculture. Some EU Members have
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Fig. 3. The production of sewage sludge in selected countries
of EU; source: own elaboration based on: Eurostat [2020]
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adopted stricter limit values for contaminants than those
contained in the Sewage Sludge Directive. Other countries
(Austria, Hungary, and the UK) introduce limit values for
additional heavy metals in the soil — Styria (Austria
Lander) provides limits for molybdenum (10 mg-kg™ DM)
and cobalt (50 mg-kg™ DM); Hungary for molybdenum
(7 mg-kg™ DM), cobalt (30 mg-kg™ DM), and selenium
(1 mg-kg™ DM); and the United Kingdom for molyb-
denum (4 mgkg™ DM), selenium (3 mg-kg™ DM) and
fluoride (500 mg-kg™ DM) [COLLIVIGNARELLI et al. 2019].
Several Member States are taking into consideration
the environmental risk after applying sludge to agricultural
land and have even banned its use, while others use it
widely and are still improving sludge management. In Bel-
gium, Denmark, Spain, France, Ireland and the United
Kingdom, the amount of sludge used for agriculture was
more than 50% in 2010 [KACPRZAK et al. 2017]. However,
in other countries, for instance, in Finland and Belgium,
<5% is used for agricultural purposes. In Greece, Nether-
lands, Romania, Slovenia and Slovakia, sludge is not used
in agriculture, especially because of its strict national regu-
lations, which include restrictions in terms of the maxi-
mum annual load of heavy metals on agricultural land
[COLLIVIGNARELLI et al. 2019]. In Poland, a gradual de-
crease in landfilling of sewage sludge and an increase in
their thermal conversion has been observed. In non-EU
countries, such as Norway and Switzerland, larger amounts
of sludge are applied in agriculture. According to the Di-
rective1999/31/EC, Norway had an official target to recy-
cle 60% of sewage sludge to farmland, which has already
been reached in 2008, as 80% of the sludge was recycled
to farmland or green areas. Switzerland, in contrast, has

banned the use of sewage sludge on farmland since 2005
[KACPRZAK et al. 2017] because of the fear of the distribu-
tion of mad cow disease (bovine spongiform encephalopa-
thy — BSE), together with the constantly increasing pollu-
tion of sludge by persistent organic pollutants (POP)
[MoRrF 2012].
Regarding the cost of the different strategies of sewage
sludge management, in Europe, the average costs of differ-
ent wastewater treatment and disposal of non-treated
sludge is 160-210 EUR-t™ DM. In the case of the use of
dewatered sludge in agriculture or forestry, including in-
cineration with household waste or reclamation of degrad-
ed areas, the costs increase to about 210-300 EUR-t* DM
[JAkoBsSON et al. 2012].
According to JAKOBSSONet al. [2012], details concern-
ing the average costs of different strategies of management
of sewage sludge in all European countries are as follow
(EUR + DM) :
— agriculture: raw sludge and partly dewatered sludge
(15-25% ds) : 160, dry sludge : 210,

— forestry — 240,

— composting — 310,

— incineration — 315,

— reclamation of landfills and degraded areas — 255,

— landfill — 255.

According to the urban wastewater treatment
(UWWT) Directive 91/271/EEC, the collection and treat-
ment of municipal wastewater are compulsory for agglom-
erations with a population equivalent to more than 2,000.
The sludge reuse is encouraged and final disposal to sur-
face waters has been forbidden since 31.12.1998. The im-
plementation deadline for the UWWT Directive was 2005
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for the older EU-15 Member States and 2015 or 2018 for
the countries that joined the EU after 2004 [KELESSIDIS,
STASINAKIS 2012].

On the other hand, Decision 2001/118/EC of the
Council of the European Communities (CEC) enlist sludge
in non-hazardous wastes, whereas, according to European
policy, the following waste hierarchy shall apply as a pri-
ority order in waste management: (a) prevention, (b) pre-
paring for reuse, (c) recycling, (d) other recovery, e.g., en-
ergy recovery, (e) disposal. Based on these principles, the
Landfill Directive 99/31/EC prohibited landfilling of both
liquid and untreated wastes and set restrictions as well as
quantitative targets for biodegradable municipal solid
wastes (such as sewage sludge) that are disposed of in
landfills. According to these, a reduction of 50% and 65%
of produced solid waste by the years 2013 and 2020 should
be achieved, respectively [KELESSIDIS, STASINAKIS 2012].
Apart from the above, national legislation of some Member
States have set very strict limits for the organic matter or
total organic carbon (TOC) contained in sludge (e.g., Ger-
many, Austria, Netherlands), practically prohibiting sludge
landfilling [KELESSIDIS, STASINAKIS 2012].

Additional to the above, the main legislative text that
refers to sludge management is Sewage Sludge Directive
86/278/EEC, which describes beneficial sludge (bio-solids)
use on soils. This directive seeks to encourage safe use of
sewage sludge in agriculture and to regulate its use in such
a way as to prevent harmful effects on soil, vegetation,
animals and humans. Among others, it specifies rules for
the sampling and analysis of sludge and soils, sets out rec-
ord-keeping requirements and limit values for concentra-
tions of heavy metals in sewage sludge and soil. The
Member States are able to apply stricter restrictions than
those determined in Directive 86/278/EEC, and this is ob-
served in several cases. Specifically, 16 out of 27 EU
countries (63%) have set more stringent national require-
ments for heavy metals concentrations in sludge compared
to EU Directive provisions, whereas 10 out of 27 countries
(37%) have set stricter limit values for the concentrations
of heavy metals in soil. There is a wide variation in nation-
al limit values for heavy metals, even between similar geo-
graphical areas, such as the Nordic or Baltic countries. In
most cases, Nordic countries (Finland, Sweden, Denmark
and the Netherlands) have set the lowest limit values. On
the other hand, except for France, Malta and Slovenia,
Mediterranean countries have adopted the limit values that
are proposed by the EU Directive [KELESSIDIS, STASINA-
Kis 2012].

Concerning the disposal of untreated sludge in soil,
most European countries have prohibited it. In some cases,
specific obligations for treatment have been set, such as
biological or chemical stabilization before reuse, while
there are a few countries that allow the use of untreated
sludge under certain authorized conditions (e.g., France,
Sweden and Estonia). Finally, the use of sludge in forests,
mines and green areas has been prohibited in several coun-
tries [KELESSIDIS, STASINAKIS 2012].

In terms of incineration and co-incineration, two Euro-
pean directives have been elaborated: Directive
89/369/EEC and Directive 89/429/EEC. These directives

have been revised by Directive 2000/76/ECC of 2008
(modified in 2008) concerning waste incineration. This
directive has defined threshold values for atmospheric
emissions resulting from the incineration [Soubi 2015].

Germany. Germany generates the largest amount of
sewage sludge in the EU, with approximately 1.8 min t of
sewage sludge dry mass utilized or disposed of in 2016.
During that year and as reported in Figure 5, approximate-
ly 64% of this sludge was incinerated through co-incinera-
tion or mono-incineration (including gasification installa-
tions), 24% were applied to farmland, and 11% were man-
aged via other methods, including composting and land-
scaping [CLAUS-GERHARD 2018].

2%

10%

= Agriculture land

= Incineration/ Energy recovery
Landscaping

= Others

Fig. 5. Sewage sludge routes in Germany in 2016;
source: own elaboration based on: CLAUS-GERHARD [2018]

In 2010, the disposed quantity was more than the pro-
duced; this difference computed for Germany can be ex-
plained by the importation of sewage sludge from other
European countries, Scandinavia, in particular [PELLEGRINI
et al. 2016].

Table 1 illustrates the various sewage sludge manage-
ment methods in Germany. Between 1991 and 2009, ther-
mal disposal of sewage sludge rose from 9.0 to 52.5%,
while the use of sewage sludge for landfill declined from
42% to practically zero, owing to the ban on the use of
sewage sludge for landfill that took effect on 1 June 2005.
The use of sewage sludge for landscaping has likewise
declined, from 628,550 TDM in 1995 to 282,455 TDM in

Table 1. Sewage sludge management in Germany in 1991-2010

Dry solids use (%)
ear landfill farming lzp}gsgfﬂpsg incineration
1991 42.0 28.0 2.7 9.0
1995 16.0 39.0 15.5 9.0
1998 8.3 317 28.9 16.0
2001 6.6 311 26.5 22.8
2004 35 27.8 24.1 315
20079 0.2 28.8 21.6 49.4
2008 0.1 28.6 18.8 52.2
2009 0.0 30.1 17.3 52.2
2010 0.0 30.0 16.8 53.2
2011 0.0 29.1 16.2 b54.7

Y No. 100% tallies available prior to 2007 owing to a change in statistical
gathering methodology.
Source: own elaboration based on: WIECHMANN et al. [2013].
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2009. The use of sewage sludge for farming has remained
relatively constant over the years [WIECHMANN et al.
2013].

The most abundant form of sewage sludge manage-
ment in Germany is thermal processing; anaerobically di-
gested sludge is incinerated at mono-incineration plants,
coal-fired power plants, cement plants, and at certain waste
incineration facilities [WIECHMANN et al. 2013].

Germany has approximately 20 sewage sludge mono-
incineration plants with an aggregate combustion capacity
of 580 t of dry solids per year and seven private sector
sewage sludge mono-incineration plants with an aggregate
combustion capacity of 830 thous. t of original sewage
sludge per year. Germany has several pilot and full-scale
gasification facilities in operation. Aside from incineration
in mono-incineration plants, the sludge is also disposed of
through co-incineration, which occurs mainly as coal-fired
power plants, waste incineration plants, and cement plants
[WIECHMANNEt al. 2013].

Regarding sewage sludge reuse in agriculture, it is
subject to federal legislation, with three states opposed to
the use of the sludge and eleven states in favour. Germany
has established a liability compensation fund to remedy
problems that might arise from land application. The fund,
which is not linked to any quality management system,
was started voluntarily by some of the leading operators
and later taken over by the federal government [EDI 2017;
EvAN 2012].

One of the important factors conditioning the reuse of
sludge in agriculture is the concentration of heavy metals
in this sludge. As shown in the end, Germany is a major
supplier of incinerator technology. Considerations for the
future of Germany’s sewage sludge management program
include transitioning from agricultural use of the sludge to
the exclusive use of mono-incineration in conjunction with
energy and phosphorous recovery, in an aim to avoid soil
substance and contamination risks and eliminate Germa-
ny’s dependence on imported phosphorous [WIECHMANN
etal. 2013].

One of the important factors conditioning the reuse of
sludge in agriculture is the concentration of heavy metals
in this sludge. As shown in Figure 6, Germany has made
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Fig. 6. Development of the heavy metal concentrations in sewage
sludge (%); source: own elaboration based on: German
Environment Agency [2018]

enormous efforts to reduce these concentrations, either by
reducing the consumption of some products by the popula-
tion, or by advanced wastewater treatment.

United Kingdom. The United Kingdom (UK) is one
of the pioneers in the treatment and recycling of waste-
water; there are 7,078 sewage treatment plants in England
and Wales, 10,814 sewage treatment plants and community
septic tanks in Scotland and Northern Ireland, and 98% of
urban and rural households connect to the UK’s sewerage
service [GOV.UK 2015].

The UK beneficially reuses most of its sewage sludge
in agricultural land application as it is recognized as the
best practicable environmental option in most circum-
stances by the government.

Almost 1.4 min t DM of sludge was produced in 2008
in the UK, of which 77% was recycled to agriculture land
as shown in Figure 7. A further 16% was incinerated
(mostly with energy recovery) [Water UK 2010].

5% 2%

= Agriculture land

= Incineration/ Energy recovery
Others

= Land reclamation

Fig. 7. Sewage sludge routes in the UK in 2008; source: own
elaboration based on: Water UK [2010]

During the last decade, the UK has undergone a shift
from energy-intensive processes with high carbon foot-
prints (incineration, thermal drying, and lime stabilization)
to energy-producing wastewater processing using ad-
vanced digestion paired with sludge agricultural land ap-
plication [EDI 2017; PANTER, BARBER 2017].

A combination of strict financial regulation, high ener-
gy costs, and renewable energy incentives have led the UK
Water Industry to invest heavily in advanced anaerobic
digestion. The UK has the highest proliferation of thermal
hydrolysis plants anywhere in the world (21 full-scale fa-
cilities) that treat more than a quarter of sludge production,
1,500 t DM per day, and generate 60 MWs of electrical
energy continuously [EDI 2017; PANTER, BARBER 2017].
They have developed sewage sludge centers where anaero-
bic digestion of the sludge is centralized, which has made
sludge pretreatment more affordable, increased solid loads
at treatment plants promoting energy self-sufficiency
through biogas capture, and has provided greater ability to
enhance product quality. When all current development
projects in the UK are complete, 92% of all sewage sludge
will be digested with captured biogas used in combined
heat and power generation. Currently, nearly all digested
sludge is applied to farmland. Almost all thermal dryers
and incinerators have been decommissioned, and lime sta-
bilization is now rare [EDI 2017].
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Countries of Middle East and North Africa

Tunisia. In 2017, the number of operating wastewater
plants in Tunisia are 119 plants, producing a volume of dry
sludge of 175,000 m*y™. (Dryness ranging from 18% to
70% with 53% produced by the WWTP of Grand Tunis).
Tunisia is, therefore, faced with the challenge of finding
secure solutions for the recovery and/or disposal of sludge
generated from wastewater treatment (24% is landfilled,
35% is stored in WWTP sites and 41% stored in National
Office of Sanitationsites — Fr. Office National de I’ Assai-
nissement — ONAS).

Until 1997, stabilized sewage sludge has been used as
fertilizer in agriculture. It was common to sell sludge for
a symbolic price (less than 2 dinars per cubic meter on the
site of the treatment plant); it was in great demand and did
not remain in stock at treatment plants. However, sludge
reuse practices, uncontrolled and not monitored by an offi-
cial body or institution to verify the impacts of this open
reuse, were not subject to a formal regulatory framework.

In 1997, the Ministry of Public Health (Fr. Ministere
de la Santé Publique) decided to ban the use of wastewater
sludge, even if it is well-treated, pending the establishment
of a Tunisian regulation to this effect. Since then, the
sludge is no longer reused in agriculture and is landfilled to
the nearest if there is, otherwise this waste sludge is stored
near treatment plants [HORIZON 2020].

Faced with a sudden and very difficult situation, The
National Office of Sanitation (ONAS) in 1998 took steps
in collaboration with the International Center for Environ-
mental Technologies of Tunis (Fr. Centre International des
Technologies de I'Environnement de Tunis — CITET) to set
up the usual procedure to develop a standard for the use of
municipal sewage sludge. After a work of the technical
commission, created for this purpose, the norm 10 620 was
born in December 2002 [HORIZON 2020].

The standard alone did not allow the use of sludge. It
was necessary to wait for the arrival of:

— the specifications fixing the conditions of use of the
sludge by the agricultural operator, approved by joint
decree of the Minister of Agriculture and the Hydraulic
Resources (Fr. Ministére de I’Agriculture et des
Ressources Hydrauliques) and the Minister of the Envi-
ronment and Sustainable Development (Fr. Ministére de
I’Environnement et du Développement Durable) of 29
December 2006;

— The Decree No. 2007-13 of 3 January 2007 laying down
the conditions and methods for sewage sludge manage-
ment for use in agriculture.

However, as illustrated in Table 1 and Figure 8, even
with the arrival of these standards, the application was only
timid (spreading concerns just a small area and a few
farmers) because of the regulatory constraints in their prac-
tical application.

Currently, the problem of sewage sludge management
is considered a priority in Tunisia. A study program pro-
poses to develop sludge management master plans by re-
gion (Grand Tunis region, North region, South region and
Central region). The completed studies recommended three
different types of sludge use according to the characteris-

Table 1. Sludge recovery indicators in the agricultural sector in

Tunisia for the year of 2017

Specification

Quantity/value

Volume of produced sludge (dry)

175,000 m*y™*

Volume of naturally dried sludge 55,000 m*y*
Volume of mechanically dried sludge 120,000 m*y™*
Quantity of naturally dried sludge with recovery 2,900t
Number of wastewater plants with recovery sludge 12 plants
Sludge spreading area 400 ha
Number of beneficiary farmers 23 farmers

Source: Office National de I’ Assainissement ONAS [2017].
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Fig. 8. Evolution of sludge spreading on agricultural farms in
Tunisia; source: ONAS [2017]

tics of the concerned area: i) fertilization (green sector), ii)
combustion cement production (red sector) and iii) storage
transport to a controlled landfill (brown sector).

Existing standards concern only, for the moment, the
first sector (green sector). Studies are currently underway
for the development of the three sectors, especially the de-
velopment of regional sludge management master plans.

In conclusion, the situation in Tunisia regarding sew-
age sludge management requires a certain number of clari-
fications. The hesitations of the State (authorization, prohi-
bition and then new authorization of reuse in agriculture)
did not facilitate the settlement of the situation. Even
though several pilot sites have been set up and master
plans are being discussed, it seems necessary to clarify
a number of institutional points, such as the role of manag-
ers and users as well as their interrelationships, their fields
of application action and their responsibilities [HORIZON
2020].

Sultanate of Oman. The experience of Sultanate
Oman is quite interesting in the field of sewage sludge
management. In fact, in 2010, the operator of the waste-
water facilities in the Muscat Governorate, launched an
initiative to produce a marketable compost from the sew-
age sludge, which is used for agricultural activities.

With the goal of developing, designing, implementing
and managing wastewater projects in Muscat. The operator
is steadily implementing one of the world’s largest modern
wastewater projects. It was assigned in 2014 by the gov-
ernment to implement and manage all wastewater projects
and assets in all governorates except Dhofar, due to its dis-
tinctive accumulated expertise in the field of wastewater
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treatment. It will be responsible for the planning, develop-
ment, implementation, management, operation and main-
tenance of all wastewater assets and facilities in all gover-
norates except Dhofar. It has taken over the role of the
Ministry of Regional Municipalities and Water Resources,
which was operating in 44 Wilayats with varying popula-
tions.

The capacity of the 11 sewage treatment plants cur-
rently in Muscat is 17,092 m*day ™. A further 14 projects
are being implemented currently in Muscat. The lengths of
the total sewage network in the Muscat Governorate is cur-
rently 1,874 km, and the length of the treated water net-
work in Muscat Governorate is about 814 km [Haya Water
2017].

One of the economic principles adopted by this opera-
tor in Muscat in its operations is the promotion of the add-
ed value of its products. Hence, it has launched its natural
compost factory as a continuation of its important envi-
ronment-friendly productions.

The composting plant has an area of 60,000 m? and is
located in Al Amerat (Al Maltaga), which belongs to the
Muscat government. Composting is a biological process
that depends mainly on the activity of naturally occurring
microorganisms.The factory converts the sludge generated
from wastewater treatment and mixes it with other organic
materials, such as the remnants of trees and green grass,
using an open air piles technology to produce a marketable
compost with high-quality specifications identical to inter-
national environmental specifications [JAFFAR ABDUL
KHALIQet al. 2017]. This compost is widely used on farms
and home gardens, thus contributing to the elimination of
one of the direct pollution sources that release greenhouse
gases and has an impact on world climate [Muscatdai-
ly.com 2016].

The plant also includes a new laboratory that is
equipped with the best techniques that are used on product
testing and ensure its conformity with the approved stand-
ards before launching it on the market with the supervision
of a number of experts in this field. In addition, Haya Wa-
ter Central Laboratory collects and analyses samples of the
final product of the compost to ensure compliance with the
approved standards [Muscatdaily.com 2016].

According to the journal of Oman Daily Observer,
farmers are praising the quality of the organic compost and
urging other farmers to use it for cultivation. Saif bin Ali
bin Saif al Deghishi, from the Wilayat of Samayil, said,
“Through my experience of using this compost for several
years, I’m confident this fertiliser has many advantages,
including the fact that no weeds grow when using it, and it
preserves the soil’s moisture”. “It is certain that when us-
ing this compost, some vegetables such as zucchini, pump-
kin and other crops cannot be harvested for several rea-
sons, including the lack of suitable soil for growing such
crops. However, | have observed that when composting the
land with it, the harvest of these vegetables increased.”
[Oman Daily Observer 2017].

Saif al Deghishi uses Kala to grow tomatoes, onions,
garlic and radish, and “I always get a good harvest. | urge
other farmers to use it, especially since it is an Omani
product.” Abdul Rahman bin Zahran al Abri from the

Wilayat of Bahla said this compost is very beneficial for
agriculture, and weeds do not grow when fertilizing the
soil. “I have found it one of the best fertilizers | have tried,
especially with palm trees.”

The operator of the wastewater facilities in the Muscat
has declared that since the establishment of the composting
plant, the production has been continuously increasing,
with total sales exceeding 400,000 bags in 2016. Since the
commencement of commercial production in 2011, the
plant has produced more than two million bags [Oman Ob-
server 2017].

The composting plant has been accredited by the Unit-
ed Nations Development Program (CDM). It is the first
organic fertilizer plant in the Middle East to receive such
a certificate. The operator, in collaboration with Sultan
Qaboos University, conducted scientific research from
2013 to 2015 to study the effects of its compost on crops.
The results proved that there is no accumulation above the
normal level in terms of the concentration of heavy ele-
ments or harmful germs in the soil. The study indicated it
increases the fertility of the soil and improves the ability of
the soil to retain water. It also provides plants with many
types of nutrients, which increases the quantity and quality
of various agricultural crops [Oman Observer 2017].

One of the important elements that have contributed to
the success of sludge recovery management in the Sultan-
ate of Oman is the existence of clear national regulations
governing sludge management. In 1993, the ministerial
decision No. 145/93, “Regulations for Wastewater Reuse
and Discharge,” was issued and defined the reuse of sludge
under certain specifications. In 2001, “The Law on Protec-
tion of Sources of Drinking Water from Pollution,” was
issued under Royal Decree number 115/2001 and defined
the conditions for sewage sludge reuse in agriculture
[SEU/MECA 2013].

Learned lessons from the international experiences
in sewage sludge management

From the international benchmarking, it is becoming
clear that management practices for sewage sludge are not
uniform from one country to another. The countries are
very different in terms of the quantity of sewage sludge
directed to each recovery sector. Some have adopted strict-
er regulations, leading, in some cases, to the prohibition of
certain recovery and disposal options, while others are still
open to all options and improve their management of
sludge.

The sewage sludge reuse in agriculture, the most dom-
inant, is subject to regulatory constraints stipulating its
safety. Indeed, the regulatory framework for the different
types of sludge recovery or sludge disposal requires the
production of better quality sludge in order to ensure their
safety and recovery in secure conditions. However, this
option of green recovery remains the most privileged op-
tion, being its compelling advantages in terms of agro-
nomic interest, circular economy (return of organic matter
to the soil), preservation of soil quality and fight against
the greenhouse effect. Indeed, if this option appears the
most favoured in the world, it is justified even more for
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Morocco given its agricultural vocation, the increasing rate
of soil degradation, and the progress of the scourge of des-
ertification [Soup1 2018].

About landfilling, it is the least desirable option due to
the high environmental impacts, i.e. potential groundwater
pollution, methane emissions, and aftercare periods of
hundreds of years [HAZLEGREAVES 2019].

Regarding the financial side, the cost of the different
strategies of sewage sludge management is very high. In-
deed, it is estimated that approximately 50% of the costs of
operating secondary sewage treatment plants in Europe can
be associated with sewage sludge treatment and disposal
[KACPRzAK et al. 2017].

In the end, in some countries (i.e., UK, USA, Canada),
the sewage sludge is named bio-solids. Indeed, the sludge
disposal industry had great difficulty in the past convincing
the public that an ugly name, such as “sludge, could actual-
ly be beneficial”. The Water Environment Federation in
the U.S. first suggested the use of the term “bio-solids” to
designate sludge destined for disposal [SPINOSA, VESILIND
2001].

Recommendations for the promotion of sewage sludge
recovery and disposal process

In order to overcome the constraints hampering the
sustainable sewage sludge management in Morocco, and to
capitalize on the opportunities, a number of priority actions
should be implemented.

First, to eliminate the quantities of sludge already
stored or being produced the establishment of institutional
arrangements and specifications for the implementation of
both sectors co-incineration in cement plants and land-
filling proves necessary.

As recommended by the study on the sludge manage-
ment strategy in 2010, it is clear that green recycling of
sludge (in agriculture, silviculture and rehabilitation of
degraded soils) is the most environmentally friendly op-
tion, a sustainable and economically viable solution for
Morocco. Indeed, if this option appears the most favoured
in the world, it is justified even more for Morocco, given
its agricultural vocation, the increasing rate of soil degra-
dation, and the progress of the scourge of desertification.
This recovery will also generate economic gains in terms
of fertilization and improvement of soil quality and, there-
fore, their productivity.

Furthermore, the establishment of a sludge manage-
ment regulation is indispensable. This regulation must clar-
ify the status of the sludge, set the standards of sewage
sludge recovery and disposal, and fix sludge storage,
transport and reuse specifications.

It is also recommended to assign to the Ministry of
Agriculture the role of sponsor in the field of sludge reuse
in agriculture and more specifically, the promotion of the
demand. This Ministry can also intervene in sludge reuse
projects downstream, through the National Office for Food
Safety (Fr. de I'Office de Sécurité Sanitaire des Produits
Alimentaires — ONSSA), which consists of an institutional
mechanism for integrated and modern control of food
products [LEGER, NBou 2010; MEMEE 2010].

For the sociocultural and communication component,
promoting the recovery of sludge (spreading, incineration,
etc.) requires raising awareness amongst the beneficiaries
of the stakes expected by these sectors (economic and fi-
nancial gains).

To draw up a guide to good practices for sewage
sludge management, pilot projects need to be conducted to
evaluate each sludge management route (co-incineration,
composting and green recycling, etc.) with the different
sludge pre-treatment options and in different contexts (the
size of WWTP, climate, the agricultural context, the prox-
imity of cement plants, etc.). In this sense, it is also neces-
sary to strengthen the partnership with international institu-
tions and organizations for gathering relevant feedback on
sludge recovery and disposal.

Last but not least, in order to reduce sludge volumes
and to achieve overall cost efficiency for recovery and dis-
posal, advanced sludge drying systems need to be consid-
ered. If the solar greenhouse drying system appears most
favoured in many countries, it is justified even more for
Morocco, given its Mediterranean and arid climate. Indeed,
a test pilot conducted in Marrakech has shown that the so-
lar greenhouse drying system allows a large volume reduc-
tion of sludge; at least 80% of the initial volume was ob-
served in cold and hot periods after 72 h of the drying pro-
cess [BELLOULID et al. 2017].

CONCLUSIONS

In conclusion, the remarkable development of sanita-
tion in Morocco has inevitably induced the production of
sludge from sewage treatment plants in increasing quanti-
ties. Consequently, the problem of sludge management
becomes persistent and worrying and encourages the im-
plementation of a sustainable strategy so as not to com-
promise the initial program of liquid sanitation.

Despite the development of a study on the national
sludge management strategy and the realization of some
recovery pilot projects, the sewage sludge management
issue still persists and is becoming more and more worry-
ing.

The constraints hampering the sustainable manage-
ment of sludge are numerous and complex and have differ-
ent dimensions: regulatory, institutional organizational,
economic-financial and technical dimensions. To over-
come these constraints, priority actions should be imple-
mented and can be inspired from the following questions:
a) who is the sponsor of the sludge recovery and disposal?
b) what is the appropriate sustainable management ap-
proach for each case? ¢) what is the constancy in the quali-
ty of the sludge? e) who supports the monitoring and sur-
veillance system? f) who pays for the investments inherent
in the implementation of the sludge recovery and disposal
projects?

Indeed, the decision-making sphere of the institutional
actors concerned will have to be around the same table to
define and share responsibilities; the constraints are well
identified, and the solutions exist but deserve to be opti-
mized and adapted.
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Furthermore, improving the management of sewage
sludge in Morocco requires uncovering opportunities, re-
ducing risk profiles and stakeholder engagement. Munici-
palities, government and academia ideally would be en-
couraged to participate in the decision-making process.
Technical solutions, when coupled with stakeholder partic-
ipation, can lead to policy implementation with a higher
chance of improving the present situation.

In the end, in the Moroccan context, comparing sludge
recovery and disposal routes, the green recycling (in agri-
culture, silviculture and rehabilitation of degraded soils)
remains the most environmentally friendly option, a sus-
tainable and economically viable solution.
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