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General introduction

Sinergie for the environment
GAETANO M. GOLINELLI* - CLAUDIO BACCARANI**

In opening this debate, Sinergie returns to topics concerning the environment
that have often been examined in the past in relation to energy aspects and the
protection of natural heritage.
This issue will deal with the Improware project, whose name derives from an
acronym composed by linking the terms that describe the objective of a study that is
promoted by the Ministry of the Environment within the SWIM (Sustainable Water
Integrated Management Programme) European project.
In fact, the name of Improware is composed by uniting various letters that are
contained in the subtitle outlining the goals of the project: Innovative Means to
Protect Water Resources. The overall aim of the project is to demonstrate and
promote environmentally sustainable water management policies and practices in
Egypt and Tunisia. This will ultimately support agricultural and economic activities
of local rural communities in the demonstration sites.
The project is situated in the context of safeguarding the water resources that are
at the base of every development process, especially regarding disadvantaged areas
of the planet, from a climatic point of view.
The strategic relevance of these choices for future social, economic and political
scenarios is well underlined by the UN’s choice to proclaim the 22nd of March as
World Water Day based on the deliberations of Agenda 21. The latter was the result
of the 1992 UN conference in Rio De Janiero, dedicated to sustainable development
for the 21st century, and of the later 10-year Water for Life programme.
In other words, it is estimated that 663 million people don’t have access to
drinkable water sources and that 2.4 billion people live in entirely precarious
hygienic conditions (Unicef and WHO, 2015), resulting in the assessment that 1400
children under 5 years of age die every day due to diseases that could easily be
eradicated by providing water and suitable personal and community hygiene
services.
If one adds the rise in the demand of water in relation to the general
improvement in quality of life and the expected increase in the world population in
2050, estimated at approximately 9 billion people (UN), then it is clearly necessary
to pay the utmost attention to safeguarding water resources, on which not only the
*
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quality of life, but also life itself, depend. This emerges in the following excerpts
from the 2015 World Water Development Report’s vision for 2050 that was
published by Unesco:
“Unsustainable development pathways and governance failures have affected
the quality and availability of water resources, compromising their capacity to
generate social and economic benefits. Demand for freshwater is growing.
Unless the balance between demand and finite supplies is restored, the world will
face an increasingly severe global water deficit.
Global water demand is largely influenced by population growth, urbanization,
food and energy security policies, and macro-economic processes such as trade
globalization, changing diets and increasing consumption. By 2050, global water
demand is projected to increase by 55%, mainly due to growing demands from
manufacturing, thermal electricity generation and domestic use.
Competing demands impose difficult allocation decisions and limit the
expansion of sectors critical to sustainable development, in particular food
production and energy.
The competition for water - between water ‘uses’ and water ‘users’ - increases
the risk of localized conflicts and continued inequities in access to services, with
significant impacts on local economies and human well-being.
Over-abstraction is often the result of out-dated models of natural resource use
and governance, where the use of resources for economic growth is under-regulated
and undertaken without appropriate controls. Groundwater supplies are diminishing,
with an estimated 20% of the world’s aquifers currently over-exploited. Disruption
of ecosystems through unabated urbanization, inappropriate agricultural practices,
deforestation and pollution are among the factors undermining the environment’s
capacity to provide ecosystem services, including clean water.
Persistent poverty, inequitable access to water supply and sanitation services,
inadequate financing, and deficient information about the state of water resources,
their use and management, impose further constraints on water resources
management and its ability to help achieve sustainable development objectives”.
In this context, the 2030 scenarios expect almost half of the world’s population
to live in areas of high water stress.
This results in the increasingly urgent planning and realization of interventions
that permit the safeguarding of the natural cycle of the reproducibility of water by
appropriately intervening in climate protection, as well as in initiatives aiming at
diffusing awareness of the strategic value of containing consumption, reducing the
elimination of waste and implementing techniques that enable the reuse of
wastewater. In particular, Improware’s attention has been directed towards the
purification and reuse of water by means of an entirely natural system such as
phytopurification which, among its various advantages, includes that of not using
additional energy and is therefore completely “ecocompatible”.

GAETANO GOLINELLI - CLAUDIO BACCARANI
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In truth, phytopurification is a natural purification system that, to all intents and
purposes, may be inserted within a “green” prospective representing one of the
future challenges of various countries, regardless of their levels of development.
We hope that the essays that have been collected in the following pages will
contribute to a constructive debate on the topics mentioned above and open up to
choices that consciously move in this briefly outlined direction.

10
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Presentation of the volume
BERNARDINO QUATTROCIOCCHI*

The present volume gathers the contributions and experience of the
IMPROWARE project, which was realised within the SWIM programme and cofunded by the European Commission and will be described in detail further on. This
particular call for papers was dedicated to environmentally sustainable water
management policies and practices and stemmed from the desire to share and
integrate knowledge among some of the most relevant members of the scientific
community and others during the “Policies and Techniques for a Sustainable
Present” international workshop that took place in Tunisia in October, 2014. The
meeting, along with the project’s goals, aimed at spreading the best international
practices in water management polices. Experience sharing in various sectors and
the urgent need for professional figures to spark a productive debate on potential
strategies to be implemented have the clear intent of coping with the growing global
demand for water resources and the manifested technical-management critical issues
while enacting virtuous conduct over a long-term period. Furthermore, it aims at
exhorting the heightened responsibility of policy makers and the entire civil society
towards such topics, especially in Mediterranean regions.
The project therefore seeks to realise a dynamic cooperation and the definition of
a collective process entailing the creation and spreading of knowledge in the field of
water management while paying particular attention to the beneficiary regions of the
project. Such an objective has been proven by the realisation of a Participatory
Process Approach that envisages the launching of an E-learning course divided into
three modules (scientific and technical aspects of water resources management,
legislative framework on water resources management and socio-economic impacts
of wastewater treatment using natural systems and related industrial application and
development). The course aspired not only at providing learners with technical skills
in relation to water treatment, but also at applying the achieved results to the
IMPROWARE project in order to contribute to the development of virtuous
solutions for Mediterranean regions and create a reproducible model for water
management.
To divide between purely technical aspects and socio-economic evolutions while
considering the latter as the cause and effect of certain territorial conditions, the
present volume is structured into two tracks:
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technical aspects of water resources management
socio-economic impact of wastewater reclamation/phyto remediation
The submitted articles, which were noteworthy for the topics they dealt with,
were peer reviewed and then subjected to selection by the track supervisors
following the binding criteria that were indicated in the call for papers.
The volume starts with a presentation of the project and of the management
model that has regulated the project dynamics by the representatives of the Ministry
of the Environment and Protection of Land and Sea, which was the Lead Partner of
the IMPROWARE Project.
As regards the technical merits of an integrated management of water resources,
the volume contains food for thought on the current conditions of MENA (Middle
Est Nord Africa) regions, as well as the description of international initiatives
characterised by highly innovative content. In fact, the paper by H. Feki and M.
Zammouri, entitled “Conceptual Model for Groundwater Artificial Recharge from
El Ogla Hill Dam - Tunisia”, defines an operative model of artificial recharge of
acquifers by means of the flow of water deriving from rainfall and undercurrent. The
model not only generated advantages for the interested area, but it also proved itself
very efficient as it achieved a record reduction of underground water infiltration. In
the paper written by Prof. Sohair I. Abou-Elela, it is possible to analyse the effects
deriving from the application of alternative technology for the disposal and reuse of
wastewater in small and medium-sized communities. In particular, this empirical
study assesses the performance of the treatment technologies that have been
experimented by two plants which implement different forms of technology in
different operating conditions: the former, in fact, employs the hybrid anaerobic
sludge blanket (P-UASP) technology while the second consists in a constructed
wetland.
Furthermore, along with an exhaustive description of the environmental and
normative conditions that characterise the beneficiary countries of the project, it was
possible to compare the various situations that are present in other territorial
contexts, such as the Italian and Greek ones. S. Malamis et al.’s article presents a
review of the technologies and the current regulations in relation to the treatment
and reuse of water in some European countries. In addition, it highlights how these
systems may also produce benefits in arid and semiard regions like those found in
the Mediterranean basin.
As has been previously explained, besides technical aspects regarding the
treatment and reuse of water, the volume intends to analyse the effects that such
technologies have on a socio-economic level, with particular reference to countries
that present potentially improvable conditions through strategies that aim at
enhancing water resources.
As far as this is concerned, Marco Frey’s illustrious contribution analyses and
promotes a form of green growth that is based on a circular economy, resource
efficiency and the emphasising of concepts that are integrated into the green
economy. While considering the limits imposed by national regulations and global
markets, it defines the requirements for the attainment of a green economy and
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analyses not only the involved parties’ manners of participation but also the costs
that are incurred by its lack of realisation.
The paper entitled “Improvement water management through the iwrm approach
in mediterranean countries” analyses the main economic, normative and social
factors that contribute to the success of projects concerning the reuse of wastewater
by highlighting the benefits that derive from the application of the IWRW approach
in countries like those in the Mediterranean area.
Guerrini and Romano develop an empirical analysis through which they inquire
into the presence of economies of scale and purpose economies, as well as into the
effect of other operative variables, some of the main cost items for wastewater
services.
Finally, the volume concludes with a personal contribution, written in
collaboration with Francesco Mercuri, in which the concept of accountability in the
field of relations between private and public administration is introduced as an
instrument of effectiveness and the promotion of a culture that is based on the
achievement of results. The study, based on some of the observations that had been
raised by Massimo Avancini in a project report, attempts to give form to an
indicative proposal aimed at the correct and efficient management of water
resources in Mediterranean countries, also in light of the experience that had been
gathered during the IMPROWARE project.
In concluding the presentation of the volume, my heartfelt thanks go to all of the
partners of the project (IMELS, EEAA, ONAS, CURSA e AAH); I would especially
like to thank the Project Coordinator Valeria Rizzo, who lead the project from the
very beginning with clarity and confidence, the Team Leader Andrea De Angelis
and his team, who executed the difficult assignment of coordinating the various
project tasks, as well as Annalisa Persini and Fiamma Valentino, who conceived and
wrote the project proposal.
My sincere thanks also go to the entire CUEIM organisation, which greatly
invested in this project, and in particular to the director of CUEIM, Gaetano
Zarlenga, who I thank for the precious advice given to me in the course of the
project, Daniela Mattia and Silvia Vatalaro of the administrative part and Francesco
Mercuri and Laura Ciarmela for their collaboration on many activities connected to
the project. Thank you also to Stefano Banini, for following the project in all of its
phases, to Riccardo Gori and Pietro Teatini, as well as to their collaborators Chiara
Mannelli and Omar Tosatto for the professionalism and competence that they
demonstrated in the technical field in general and for this call for papers.
While remaining in the technical area, I cannot refrain from expressing my
gratitude to those who enabled the realisation of the expected objectives in the
beneficiary countries including Rizk Dezouki for his constant presence on the
territory of the beneficiary countries and for his assistance in instating more
productive dialogue with the territorial institutions, Ghada Darwish for her precious
communication activity, Sohair Abou-Elela and Salvatore Moretta for their
professionalism and extensive committment in the technical field.
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Finally, my warm thanks go to Prof. Gaetano Golinelli and Claudio Baccarani,
who covered a crucial role for the realisation of the project activities and without
whom the project would not have reached the attained results.

IMPROWARE as a successful practice of local
sustainable water integrated management
and local adaptation to climate change
ANDREA DE ANGELIS - GABRIELLA ROSSI CRESPI
LUISA PIERANTONELLI - GIORGIA CAROPRESO*

1. Introduction
Over the last decades, the climate change, the globalization of markets, the
growth of the population, overall urbanization processes and the total increase of
industrialization in all continents have strongly contributed to affect water
availability, due to an augmentation of its consumption, leading to the nondiscriminated depletion of aquifers and the deterioration of different existing water
sources.
Climate change impacts, merged into a number of additional pressures (such as
population, urbanization, consumption growth, etc.) compel global economies and
societies to achieve the efficiency of its outcomes in the use of natural resources including water - within a reasonable amount of time, in a measure capable
developing and disseminating its adaptation throughout all aspects of human
activities. As regards many adaptation issues such as floods, droughts and
desertification or health issues, it seems easier to control the risks deriving from
threats rather than managing the threat itself in order to eliminate it. A community
that enhances its capacity to manage and control the risks - in particular those
descending from climate change - has been recently known and named as a
“resilient community”.

2. The urgency for local resilience
Therefore, resilience becomes a synonym of the capacity of adaptation (or
preparedness) of social communities rather than meaning the full recovery of the
environmental and socio-economic conditions preceding the impacts. For many
communities, increasing their capacity of adaptation is an integral part of human
development. Climate change has been identified as an increasing threat to
*
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development goals and one of the major challenges when contrasting poverty. The
capillary growth of resilience is always improved by the joint protection of different
ecosystems and by the sustainable and integrated management of water at a local
level.
Since the development of ecological science (Holling 1973), resilience 1 has been
generally associated with “the capacity of an ecosystem to deal with hazards or to
withstand from difficult conditions”. However , the concept has been gradually
linked to the ability of societies to be reactive or proactive and their capacity to
increase their response to specific threats and/or specific impacts. In other words, a
resilient society is one that is able to transform an array of single actions performed
by its individuals, in response to changed contextual pre-conditions, into appropriate
and innovative social actions (Touraine, 1977) that are carried out in relation to such
social changes.
Starting from this background and as a result of the needed progression of human
development to achieve an increase in human choices, the measure of a resilient
society (and economy) seems to be the capacity of self-endowment with a number of
suitable specific, tailored instruments, tools, skills and capacities to respond to the
threats that climate change and other important sources of pressure pose to their own
existence (De Angelis and Heggelund, 2011).
According to new paradigms mainly provided by sustainable development
perspectives, these substantial tools and instruments are provided through three
major channels:
a) economic growth and the possibility to find new ways of endowment
(sustenance/subsistence?);
b) social protection policies provisions;
c) balanced (especially from local and national points of view) systems of
governance (De Angelis and Heggelund, 2011).
These drivers must then cope with:
d) the capacity expressed by communities in their being prepared to respond to the
threats of climate change that they are exposed to (De Angelis and Heggelund,
2011).
At a micro-level, any local effort of resilience operated by a community is linked
to the way the four components defined above cope with the main threat: water
shortages. The capacity of a community to become self-sufficient in its availability
of tools and instruments of response to climate change; therefore, being more
resilient is encouraged, increased and enhanced by the four dimensions above.

1

Andrea De Angelis and Gørild Heggelund, The importance of social dimension in
building a climate-resilient society in E-Discussion on Climate Change and Human
Development from Human Development Report Unit, UNDP Asia-Pacific Regional
Centre copyright© 2011.
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In fact economic development, social policy choices and good governance
influence the effects of an enhanced resilience to be tested particularly at a
community level while always taking the enormous local heterogeneity in the
delivery of growth, social protection and governance into account.
A relevant tool to be included as a mean to enhance the local environmental
resilience of a community consists in the effective involvement of the people in
environmental governance by means of of public participation. Public participation
could be identified as a set of activities that directly engage the public in decisionmaking, thus fully considering the visions and insights of specific categories of
public players. In this perspective, public participation should be considered a longterm process composed of different actions and tasks, not a stand-alone event: it
consists of an array of initiatives aimed to inform the wider public regarding specific
projects, decisions, plans, events in order to achieve input and opinions from
involved local players. Public participation processes provide stakeholders (those
who have an interest or stake in an issue, such as individuals, interest groups,
communities, civil society entities) with the opportunity to influence all decisions
affecting their lives. Usually, the implementation of public participation processes
should result in “better outcomes and better governance”, as recently emphasized by
the EPA - United States Environmental Protection Agency.
The importance of Public Participation was fully integrated into the final Rio
Declaration, that is at the roots of any international sustainable development process
and is quoted at article 10: “Environmental issues are best handled with the
participation of all concerned citizens, at the relevant level. At the national level,
each individual shall have appropriate access to information concerning the
environment that is held by public authorities, including information on hazardous
materials and activities in their communities, and the opportunity to participate in
decision-making processes. States shall facilitate and encourage public awareness
and participation by making information widely available”.
Good public participation practices can assist governments in being more
accountable and responsive and can also improve the public perception of any
governmental performance, as it allows to better understand public priorities in
planning, budgeting, and managing services.

3. Different impacts from climate change
Climate Change produces impacts that are completely different.
Sometimes however, as in the case of the villages affected by the Yangtze river
floods in China, resilience is also a matter of dealing with old, existing and wellknown threats (**) to society, which must find long-term and stable solutions.
178 extreme floods of the Yangtze River catchment between 2nd and 20th
centuries have been recorded (Becker et al., 2004, p. 343). Six regional or basinwide heavy floods occurred in the 90s with the greatest losses in history. According
to the WWF (2009), the main threats consist in the decrease in crop production and
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rising sea levels, which will make coastal cities like Shanghai vulnerable. Some
problems could be averted by strengthening river reinforcements and switching to
hardier crops.
With regard to the posed threats, it may be noted that the Yangtze River Basin is
a region struggling to contend with environmental problems arising from population
pressure and rapid economic development. The growth of China’s population is
heavily concentrated along the major river valleys and with the ongoing
unprecedented economic boom, the pressure on natural resources is also increasing.
There are also threats to biodiversity: The Yangtze and especially the Minshan rivers
have been threatened for many years by state-owned timber production and
agricultural encroachment. In only 15 years (between 1974 and 1989), half of the
forests in the Sichuan Province that were once occupied by giant pandas was wiped
out by commercial logging. Almost all natural habitats, including natural reserves,
face pressure from people in surrounding communities. Moreover, ill-planned
hydrological engineering projects and infrastructure projects in the flood plain have
destroyed ecosystems and driven species out of their natural homes.
Unlike China, much of North Africa, and Egypt in particular, have specific
extreme local conditions in terms of shortages of water Energy (MEDREC).
As illustrated in table 1, in Egypt, the continuous decrease of water availability
recorded over the last decade superposes an array of well acknowledged and severe
consequences to the arid and semi-arid Egyptian climate, due to a reduction of the
natural recharge of aquifers, mainly as a consequence of climate change and the
steep growth of population.
Tab. 1. Population growth and per-capita water share in Egypt in m3/yr

Source: R. A. Wahaab and M. E.-D. Omar
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In the North African context, the necessity and the relevance of establishing an
innovative social dimension wherever the building of a climate-resilient society is at
stake is dramatically increasing. The challenges of the 21st century call for a
paradigm shift in sustainable development practice by finding the nexus between
climate change adaptation and the best practices of sustainable and integrated water
management in order to boost public participation and create sustainable
development through the identification of new jobs, contributing to reduce
inequality and poverty.
This new paradigm requires any sustainable development assistance and project
cooperation to include support to the resilience and adaptive capacities of human,
natural and economic systems. Countries are increasingly required to develop
national policies and framework that integrate climate change dimensions and
sustainable development across multiple sectors, especially for the most vulnerable
communities. Furthermore, several international studies and strategic plans are
calling for the design of integrated adaptation and mitigation policies and strategies.

4. Sustainable water integrated management
The call to and urgency for enhanced community resilience to climate change
have recently lead to a major focus on stimulating both the need for a renovated
sustainable and integrated water management that is capable of better balancing
water supply and water demand and of making water utilizationmore efficient and,
consequently, the means of adaptation to climate change, in ways aimed at
enhancing local resilience, thus emphasizing how current water utilization modes
and means need to be updated in order to address the necessities of future
generations.
Sustainable water integrated management has become an urgenct matter,
especially in regards to the regions characterized by arid climates where scarcity of
water and frequent droughts represent common features for most t of the year, as in
the case of Saharian and sub-Saharian Africa.
The different availability and consumption of water resources is also
increasingly linked to the level of economic, technological and cultural development
of a country. Many developed countries, despite not having large reserves of
available water, have created complex systems of water collection and distribution
in order to satisfy the needs of the country while respecting, at the same time, the
sustainability constraints required by the environmental system.
In contrast , countries characterized by more water resources are not able to use
them because there is cultural inadequacy and the lack of necessary capital to realize
certain investments. These conditions lead to a reconsideration of development
policies related to the management and the integrated utilization of water resources,
which aims at promoting innovative approaches involving users, planners and
policymakers at every level. This is because water resources take on more economic
value than ever for public utility due to their use across several sectors.
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In particular, Africa appears to be endowed with more water resources,
especially in the central part, where there are rivers, large lakes and extended
aquifers. The African continent also benefits from abundant rainfalls and low levels
of water withdrawals for three main uses such as agriculture, water supply for the
residential sector and communities and industrial development. Despite this apparent
situation of abundance, there are African regions that are characterized by growing
water scarcity, due to excessive demand and, at the same time, inefficient
management in terms of the distribution, protection and sustainability of water
resources.
In face of these issues, the treatment and reuse of wastewater takes on even more
importance as a valuable and unconventional solution through which a valorization
process of water resources and connected activities is generated.

5. SWIM and IMPROWARE
In this context, the European Union promotes studies and engineering
applications aimed at protecting of groundwater and the wastewater reuse for
industrial and agricultural purposes. Within this scenario, the SWIM (Sustainable
Water Integrated Management) program has been created.
IMPROWARE is part of - and co-funded by - the Sustainable Water Integrated
Management (SWIM) Programme, a Regional Technical Assistance Programme
launched by the European Commission to contribute to the extensive dissemination
and effective implementation of sustainable water management policies and
practices in the Southern Mediterranean Region.
IMPROWARE is a pilot project aimed at promoting efficient water management,
including non-conventional water resource, on two demonstration sites. In the first
site, Nubariya Wadi El-Natrun (Egypt), the local waste water treatment plant
(WWTP) will be upgraded for the refinement of its secondary effluent through a
constructed wetland. The improvement of the tertiary treatment of the existing
WWTP and the enhancement of the aquifer recharge site are expected in Korba
(Tunisia) in the meantime.
The Italian Ministry of the Environment, Land, and Sea is the lead Partner of
IMPROWARE and responsible for WP1 that includes the project management and
the coordination of the whole project.
Since 2000, the Italian Ministry for the Environment, Land and Sea has
developed cooperation activities with projects in the field of climate change
(mitigation and adaptation) and sustainable development in North Africa and in the
Mediterranean Sea basin. Egypt and Tunisia are among those countries where the
Italian bilateral collaboration has been more influential for renewable energy in
Tunisia - with the establishment of the Mediterranean Renewable Energy Center and
the water sector in Egypt - with several programs, especially regarding capacity
building implemented jointly to the Ministry of Water and Irrigation.
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The IMELS avails itself of a thorough collaboration between public and private
entities, listed below with their different tasks.
 EEAA - Egyptian Environmental Affairs Agency (Egypt): Project partner
responsible for the realization, management, monitoring of the Egyptian
demonstration site and the dissemination of results;
 ONAS - Office National de l’Assainissement (Tunisia): Project partner
responsible for the realization, management, monitoring of the Tunisian
demonstration site and the dissemination of results;
 CUEIM - Consorzio Universitario di Economia Industriale e Manageriale (Italy):
Project Partner responsible for WP4;
 CURSA - Consorzio Universitario per la Ricerca Socioeconomica e per
l’Ambiente (Italy): Project partner responsible for for WP2;
 AAH - University of Aarhus (Denmark): Project partner responsible for WP3.
The activities, as previously described, have been divided into five Work
Packages (WP), structured as follows:
 WP1 - Project Management;
 WP2 - Technical Survey;
 WP3 - Hydrological setting in Nobariya Wadi El-Natrun, Egypt;
 WP4 - Pilot Projects in Nobariya-Wadi El Natrun, Egypt; and Korba, Tunisia;
 WP5 - Involvement of local stakeholder and relevant institutions,
communication, capacity building and dissemination.

6. Pilot experiences
As highlighted in the first part of the present study , the project focuses on the
realization of two pilot projects in Egypt and Tunisia, which have been planned as
follows:
a. To build-up a Constructed Wetland (CW) as tertiary treatment of the WWTP in
Nobariya-Wadi El-Natrun, Egypt to improve the quality of treated water for
irrigation;
b. To upgrade the WWTP in Nobariya (Egypt), thus improving the quality of the
effluent to be reused or discharged in the environment;
c. To upgrade the WWTP in Korba, Tunisia, to reuse treated water for the aquifer
recharge.
The requalification of the Nobariya WWTP is an essential part of the
IMPROWARE Project. The existing plant consists in an activated sludge treatment
for civil and industrial wastewater. Moreover, in order to improve the quality of the
treated wastewater, the project identified the necessity of an important upgrade of
the existing plant and tertiary treatment step, which it realized through a submerged
flow CW.
In Korba, the original objective was to increase water availability for agricultural
activities, reducing the current over-exploitation of drinking groundwater. During

22

IMPROWARE AS A SUCCESSFUL PRACTICE

the project implementation the fact that the main problem was qualitative rather than
quantitative and caused by an ineffective drainage of wastewater due to a bottleneck
in recharging facilities was raised. For this reason the activities in the Tunisian site
are currently devoted to upgrading and optimizing the refining system of the WWTP
effluent in order to have a real increase of water availability on the site. Operations
aimed to properly increase the quality of reclaimed wastewater have been identified
and planned.
Starting from the pilot project, IMPROWARE is investigating different and
specific methodologies for reusing waste waters in order to recharge coastal aquifers
in regions suffering from saltwater intrusion. The goal is to compare the
methodologies used at the two sites, summarizing their best practices and state-ofthe-art implementation. Furthermore, IMPROWARE intends to ensure social
awareness and public participation at both regional and national levels, enhancing
regional cooperation in a sustainable and integrated management of water resources.
The project also aims to the provisions of technical and policy guidelines
provided by the governments of Tunisia and Egypt in relation to Waste Water reuse,
with the final goal of exporting any experience gained in IMPROWARE to other
ENPI Mediterranean countries.

7. Soft activities
Moreover, the project is oriented at implementing capacity-building activities in
order to improve institutional capacities and bottom-up approaches that make
resilience emerge and enhance any opportunity of local experience in the area of the
sustainable and integrated management of water resources.
Better water quality and an increased amount of water produce sustainable
development, and consequently the creation of jobs. Sustainable development is
composed of three pillars, where development entails an economic change towards
better conditions of life, and where sustainability also leads to environmental change
towards better conditions of life. New models of Public Participation certainly offer
a social change towards better conditions of life thanks to local communities that are
more aware of the issues of water shortages and the options that are behind water
usage. In addition, communities have been changing their behavior and becoming
responsive and proactive (in relation to the water issue) so today more communities
are more resilient to the challenges posed by climate change.
Operational models entailing water quality improvement and an increase in the
amount of water and endowed with more resilient communities, brings us to one
important conclusion: SWIM, including IMPROWARE, Sustain Water Med, the
three other demo projects, as well as Support Mechanism are developing new
models of adaptation to climate change.
However, this is not only an issue of adaptation to climate change: in fact, local
changes, driven by recent political movements in the region, encourage mutual
exchange among MENA countries in order to compare their own institutional and
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regulative systems and adapt to each other in a South-South perspective.
Furthermore, in North Africa SWIM is actively working to gradually adapt the
European legislative framework to the local circumstances and the local legislative
framework, and (this is one of the main by-products of IMPROWARE) it is also
identifying the - technical, capacity, water tarification, social, institutional, financial,
normative - barriers that still separate us and Integrated Water Management.
In other words, the long-term objective of providing North Africa with Artificial
Aquifer Recharge systems could be included in such a horizon, once an important
effort for the constant and gradual removal of barriers to sustainable integrated water
management models will be secured by all the water stakeholders working in the
public, private fields, the scientific community and civil society. In conclusion, the
Artificial Recharge in North Africa, though necessary to conserve every DROP OF
WATER, could become an unfruitful practice if not accompanied by the complete
awareness of where the barriers are and how they operate.

8. Conclusions
In North Africa, the governance of the water sector is still characterized by old
models of division of competences on one hand, and by a strong lack of
communication towards the general public and national and local stakeholders on
behalf of the central authorities. Therefore, a lot must be done to establish at policy
and regulatory level (and maybe even more at the level of enforcement) to create
smoother conditions for dialogue between different competent authorities.
Another important gap that remains is represented by communication between
governmental entities and civil society which must be empowered and compensate
for any lack of capacities.
That is why one of the core IMPROWARE objectives consists in involving
affected communities and stakeholders in the decision-making process on the main
issue of water treatment and possible use of non-conventional water, in order to
actually shift the “ownership” Project to the local community. This model has been
tested in several ways in Egypt and Tunisia, and - with regards to Korba and
Nobariya - it has been an unprecedented experience that has allowed several bottomup actions that were directly inspired by the principles of the Aarhus Convention.
Through the involvement of local NGOs (in Tunisia) and different categories of
stakeholders (mobilized by the EEAA in Egypt) several otherwise unexpressed
problems and needs have been raised and addressed during the project’s
development.
Not all the questions posed by the local population have been answered by local
public institutions, nevertheless, IMPROWARE has certainly gained a position that
allows important steps forward on the topic of public awareness, trust in public
institutions and dialogue between institutions. Finally, the participatory model has
also raised the issue of the effectiveness of targeted communication initiatives
related to water, which have been adapted based on the regions’ project.
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Technical aspects of water resources
management

Conceptual model for groundwater artificial
recharge - Tunisia
HAIFA FEKI* MOUNIRA ZAMMOURI**

Abstract
Purpose of the paper: Mathematical modeling of flows on a watershed has been much
researched. Models that resulted focus on surface runoff or groundwater flow and sometimes
on both, domain simultaneously. This study attempts to simulate the flow between water
available to the soil surface by precipitation and water supplied to the groundwater.
Methodology: This goal has been reached thanks to a modeling reservoirs involving
physiographic parameters of surface and subsurface data. The need for this study is
consistent with an increase in groundwaterlevel on a single piezometer located on the stretch
of river that has been the subject of several campaigns for artificial recharge of water
releases from dams hill.
Findings: We have established a record for all campaigns related to conducted recharge
(1990-1999). Thus, the volume infiltrated into the groundwater for all simulated campaigns is
estimated at 8.4 million m3, for a total volume that dropped from 11.3 million m3.
Originality/value of paper: The present investigation is aimed at finding a simple
methodology tool for a reasonable estimation of the reservoir water balance of small upland
dams, the artificial recharge rates and the rise of the water table.
Research and managerial implications: This tool is developed to analyze the effect of the
Ogla reservoir on the recharge of the Nadhour–Sisseb aquifer. It may, in the future, help
decision makers and planners design optimum recharge operations.
Research limitations: However, the developed model presents some imperfections.Some
future measures can be taken to improve the quality of the simulation results.
Key words: artificial rechage; semi-arid; conceptual model; water balance; Tunisia

1. Introduction
Artificial recharge is a process controlled by humans either directly by specific
arrangements favoring infiltration to groundwater or through its impact on the
environment by varying weather conditions as well as conditions and runoff
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infiltration. When it aims to develop groundwater resources, artificial recharge is
conducted in order to optimize the infiltration of water to the groundwater and
taking into account quality changes.Tunisia is characterized by a semi- arid and arid
climate with very limited water resources and very important spatio-temporal
variability of the hydro-climate parameters. Thus, since the 90s, Tunisia has begun
to build hundreds of small hillside dams reflecting the great concern which
prompted the man to make the most of this precious natural resource. This concept
of integrated management of surface water and groundwater, introduced in Tunisia
since the 70s, can only be achieved through knowledge of all elements of the water
balance of river basins and aquifer systems.
In the present work, we are going to develop a model to quantify the effective
contribution to groundwater contained in the basin of Nadhour - saouef ( Zaghouan )
as a result of artificial recharge campaigns for water releases made in the wadi beds
El Ogla. This contribution is confirmed by the observed piezometric series of oued
Essahel over the period 1974-2000 (Feki, 2002). To do this, we collected data on
rainfall, evaporation, the water in the reservoir, the volumes released in Oued El
Ogla from hillside dams, flood flows and groundwater level. In the first part, we
developed a model for transforming rain on the watershed runoff El Ogla, this model
has allowed the reconstruction of observed intakes. A model of water balance has
been developed for the dam, and then it has been applied to El Oglahill dam. The
concept of the production function has been used to model artificial recharge in wadi
beds of El Ogla. In the second part, all the developed sub-models have been used to
simulate scenarios of artificial recharge over a period of 20 years.

2. Methodology
The proposed model (figure 1) considers that the inputs of the hydrological
system are the precipitation and outputs are the outflow. It must therefore take into
account all the key elements of the water cycle, ie surface water on the one hand and
its interaction with the atmospheric environment and the subsurface environment,
and groundwater on the other.To simplify the water cycle, the model being based on
the production function. This function, whose role is to distribute the rainfall
between infiltration, runoff, evapo-transpiration and soil storage, is the dominant
template link.It describes mechanisms present at the soil surface and in the surface
portion. It is thanks to what occurs through evaporation that sets the total quantity of
water that eventually reaches the groundwater.
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Fig. 1: Model structure (Zammouri et al., 2005)

The syncline Nadhour-Saouef is located on the east side of Tunisia. The project
area is influenced by the lower semi-arid climate, its rainfall is characterized by
irregularity and inter-annual rainfall often poses a stormy character. The high relief
is important towards the edges in limestone and sandstone geological outcrops. A
positive aspect is that the Eocene marl and sandy marl-Plio-Quaternary Milo line the
bottom of the plains. This structure covers the main areas of delegation of NadhourSaouef. It is the northern terminus of the large aquifer structure Nadhour-Saouef
Sisseb El-Alem.
The watershed of El Ogla is characterized by a dense hydrographic network. It is
drained by several wadis originating from distant parts of the dam site.It is
characterized by a complex terrain with varying morphological units. The hillside
dam, El Ogla, is among the first hill dams in Tunisia. It falls within the scope of the
objectives of the state for mobilizing resources in surface water. The initial objective
assigned to these dams is in the groundwater recharge of Sisseb El Alem aquifer
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located north of Kairouan, which is severely overexploited. The section of wadi El
Ogla favorable for artificial groundwater recharge as Nadhour has a length of 12 km
downstream of the dam. In this area, the riverbed of the river has a width of 15 m
and the floodplain varies between 30 and 35 m (average 25 m) of limited erodible
banks. The relatively low slope, 4% on average, favors water infiltration.The
application of artificial recharge to groundwater Nadhour - Saouaf meets the
following two objectives:
- Restoration of the piezometric groundwater balance disrupted by the closure
dams.
- Increased resources and optimization of regime towards the growing demand for
irrigation and irregular nature of the hydrological regime of the region.
Between 1991 and 2000, five companions of artificial recharge of groundwater
Nadhour were conducted, with six of them from the dam El Ogla. These consisted
companion scenarios release one or more flood waves per day. The duration of
release of these waves is between 16 hours and 24 hours with a drop in all times
continuously for 382 days 1991. To control released waves from the dam, five
stations (figure 2) were chosen for flow measure.
Fig. 1:Stations’ positions (Feki, 2002)

3. Results and discussions
The developed model is applied to the watershed hillside dam El Ogla. The
calibration of the model’s calculation of the contributions of runoff provided over
the period September 1995 to August 1998. The contribution of flood obtained will
be compared to the observed one.The daily evaporation is assumed the same in the
entire region which has the same climate, semiarid lower, and that all sides of the
project area have the same soil and vegetation characteristics. So we use the series
recorded by the evaporation tray installed on the El Ogla evaporation station.
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Fig. 3: Rainfall and evapotranspiration - El Ogla (Feki, 2002)
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Calibration is performed by means of tests and errors which aim to minimize the
differences between models calculated outputs and observed values.
Fig. 4: Floods simulation (Feki, 2002)
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We note that the model can simulate some major floods (figure 4); the floods are
not simulated for short periods due to rainfall intensities. Thereafter, significant
deficiencies exist about the impact of rainfall data on the recovery of contributions,
given the stormy nature of rainfall in the basin.
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Since we do not know the odds of daily water level in the reservoir, and to the
surface, we will use the height / volume curve / area we know to determine the
equation for the expression of surface to the volume of water contained in the
reservoir. The daily volume calculated will be transformed according to the equation
in daily surface. This last value used in the calculation is the volume of evaporated
restraint and that provided by direct precipitation.The filling curve, performed just
after the dam construction, indicates that the surface is zero for zero volume.
Sediment yields are estimated at 120, 000 m3/year. The amounts found after 10 years
of impoundment dam show that the average annual solid contribution is 162, 000
m3/year. To account for this phenomenon involved indirectly in the balance
calculation, we have tried to update the filling curve each year. The update is done
by adding each year an additional to that in the bowl volume.This volume is
included in the calculation of the surface and also the evaporated and entered by
direct precipitation on the dam volumes, but it has been taken into account in the
calculation of the balance sheet.
The first observation to report examining (Figure 5) is that the beginning and the
end of each filling of the observed retention is consistent with the one calculated.
However, there is a shift at the beginning of the simulated period, between observed
and calculated water which is due to the fact that the floods of 20 and 24.09.1995
were not restored correctly by the model contributions to the El Ogla watershed. We
found that the calculated second part series which ran between 01/09/97 and
01/09/98 is practically coincident with the observed series.
Fig. 5: Level reservoir simulation (Feki, 2002)
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The propagation algorithm considers the stream as a tree reaches (bief) emptying
into each other upstream to downstream, superficial and underground flow. Each
reach works as a production function described above and is powered by the flow
(surface and / or underground) out of the one before. Most of the observed volume
on all reaches was restored (figure 6).
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Fig. 6:Wavelet release simumation (Feki, 2002)

The underground model consists of two reservoirs; the transfer of infiltrated
water through the unsaturated zone is characterized by a time delay, which is
presented by the first reservoir, the second reservoir has the supply of the
aquifer.We note that the model can simulate some fluctuations of the aquifer table
(figure 7).
Fig. 7:Level aquifere (Feki, 2002)
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4. Conclusion
In the present project, we have applied a conceptual reservoir model to estimate
effective infiltration to the groundwater from the rainfall series variation. To do this,
we have developed, initially, a first reservoir model that was used to estimate the
daily intake through the watershed El Ogla. Available observations over three years
were used for model calibration. The calculated contributions are injected into a
balance model used to evaluate the water table of the reservoir which has also been
validated on the same period of observation. Then, based on the concept of the
production function, we have developed a model of artificial recharge of water
releases from the dam El Ogla. We determined by a calibration bief by bief, the
parameter set which reproduces better volumes observed at different sites. We have
established a record for all campaigns for conducted recharge (1990, 1991, 1993,
1995, 1996, 1999). Thus, the volume infiltrated into the groundwater for all
simulated campaigns is estimated at 8.4 million m3, for a total volume that dropped
from 11.3 million m3.
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Alternative technologies for wastewater treatment
and reuse in rural areas
SOHAIR I. ABOU-ELELA*

Abstract
Purpose of the paper: The main objective of this work is to assess and evaluate different
treatment technologies for municipale wastewater treatment in rural areas and small
communities.
Methodoly: Two pilot plants wastewater treatment systems are designed, constructed and
put into operation. The first system is an innovative hybrid up-flow anaerobic sludge blanket
(P-UASP) followed by either multi stage roughing fine sand filtration (MSRFF) or a
biological aerated filter (BAF). Both the P-UASB and BAF reactors are packed with
innovated none-woven polyester fabric (NWPF). The second pilot system is a constructed
wetland. It consists of horizontal and vertical flow basins and planted with three types of
plants. Performance of the tested treatment technologies under different operating conditions
were evaluated.
Findings: Results indicated that all the tested systems proved to be very promising
alternatives for low cost decentralized wastewater treatment. They produced a very high
quality effluent satisfying the National Regulatory Standards for wastewater reuse and safe
disposal.
Research limits: The choice of the appropriate technique is governed by many factors
such as legal status, land availability, ease of operation, maintenance, capital and operating
costs.
Practical implication: P-UASB followed by BAF reactor proved to be very cost effective,
modular, has very small foot print and can be implemented in rural area and small
communities if land is limited.However , CWLs are very suitable and promising solution for
wastewater treatmend if land is available.
Originalty of the paper: The use of the NWPF as a bio bed proved to be very effective
and enhance the performance of the UASB and BAF reactors.
Key words: wastewater; treatment; anearobic; biological filter; wet land
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1. Introduction
The water scarcity is a growing global problem challenging sustainable
development especially in Middle East and North Africa. Although they have 5% of
the worlds populations but have less than 1% of the world’s renewable fresh water.
Like many countries in the region, the water sector in Egypt is facing many
challenges including water scarcity and deterioration of water quality due to the
rapid increase in population and urbanization. The per capita share of Nile fresh
water (which is the main source of water) is about 700 m3/y which is already below
the water poverty level. In addition to water scarcity, the water courses suffer from
domestic wastewater pollution especially in rural areas. The wastewater treatment in
Egyptian rural areas lags far behind potable water supply. The vast majority of the
Egyptian population receives piped potable water. However, only urban areas and
some larger rural villages possess wastewater treatment facilities. The untreated
wastewater is typically discharged into water bodies. This practice has contributed to
wide spread degradation of water quality and affects the policy of reuse of drainage
water plans in Egypt. (Abdel Shafi et al., 2009). Moreover, this practice causes a
much deteriorated health problems. Worldwide, about 10% of the total burden
disease could be prevented by improving the drinking water, sanitation and hygiene
and water resources management. About 88% of diarrhea cases worldwide are
attributed to unsafe water, inadequate sanitation or insufficient hygiene. In Egypt the
total burden diseases that can alleviated by improving drinking water, sanitation,
hygiene’s is 25.1% (WHO, 2010).
This dilemma makes developing new affordable and appropriate small to
medium size technologies for domestic wastewater treatment before disposal an
urgent need (Sabry, 2010).
From this perspective there are many decentralized treatment systems can be
applied in rural areas. Among these are the anaerobic, aerobic and natural treatment.
Anaerobic treatment is increasingly recognized as an important step of wastewater
treatment. The high costs of aeration and sludge handling associated with aerobic
sewage treatment are dramatically lower in anaerobic treatment as no oxygen
needed and the production of sludge is lower. In addition green gas emissions during
anaerobic treatment are lower relative to aerobic technologies if methane is used as
an energy source (lew et al., 2009).
The anaerobic treatment of domestic wastewater using the up-flow anaerobic
sludge blanket (UASB) reactors has many advantages such as low sludge
production, operation simplicity and low operation costs (Rebah et al., 2010; AbouElela et al., 2013). To increase the stability and performance in these reactors, the
microbial consortium can be retained in the reactor by using packing medium. This
serves as a filter preventing bacterial washout and also providing a large surface area
for faster bio-film development and improve methanogenesis. Generally, anaerobic
treatment is practiced to break down biodegradable substances and to reduce the
overall organic load, particularly from wastewater. However, it partially treats the
wastewater and the effluent still contains organic matters, suspended solids and
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nutrients. In order to obtain better process stability and performance, efficient post
treatment is required. Some studies have focused on combinations of anaerobic and
aerobic processes for the treatment of municipal, industrial and agricultural effluents
(Chan et al., 2009). Hence, the anaerobic-aerobic treatment of wastewater has been
studied in severalcombinations, for examples; anaerobic filter-activated sludge
system, UASB- attached aerobic filter (Chernicharo et al., 1998), anaerobic baffled
reactor-activated sludge system (Garuti et al., 1992), aerobic-anaerobic filters
(Galvez et al., 2003) and packed bed anaerobic-multistages and filtration (AbouElela et al., 2013). Sand filtration could be considered as one of the most promising
treatment options which can remove BOD, TSS, turbidity and total coliforms up to
86%, 68%, 88% and over 99%, respectively. Also, it is a cost effective technique
which requires less skilled man power due to its simple design (Abou-Elela et al.,
2013).
Also, among the aerobic treatment system is the biological aerated filter (BAF).
It is a promising bioreactor for wastewater treatment and reuse (Chen et al., 2000).
Biological aerated filter is a novel, flexible and effective bioreactor that provides a
small footprint process option at various stages of wastewater treatment (Feng et al.,
2012). BAFs usually treat settled sewage, removing biochemical oxygen demand
(BOD), suspended solids and ammonia (Hu et al., 2011). BAFs are fixed-film
reactors that use media with a high specific surface area for wastewater treatment
(Zu et al., 2013) and can be used at various stages of wastewater treatment (Su et al.,
2007). As the increasing application of BAF, deeper understanding on operational
discipline, operation optimization and structural characteristics of BAF is required to
improve the treatment efficiency and operation stability (Shen, 2005). In a BAF
system, packing media plays a significant role to meet effluent quality requirements.
The characteristics of the filtering media dictate, to a large degree, BAF treatment
efficiency, and at the same time, determine the investment of capital, construction
and operating cost greatly (Kent et al., 1996; Han et al., 2009). Therefore, it is
crucial to develop a novel, effective and economical filter media as quickly as
possible in BAF research. Popular filtering media includes sand, macadam, coke,
anthracite coal, zeolite and bioceramsite. Several new medium materials are under
development for use in BAF systems to enhance their biodegradation capability (Lai
et al., 2008; Abou- Elela et al., 2014 and 2015.
The other promising decentralized low cost technology is the constructed
wetland (CWs). This technology can be applied when land is available.The
advantages of the use of CWs can be summarized as follows: (1) low capital costs;
(2) simple construction involving no mechanical or electrical equipment; (3) low
maintenance costs; (4) robust process able to withstand a wide range of operating
conditions; (5) consistent effluent quality and (6) environmentally acceptable with
potential for wildlife conservation (Blumenthal et al., 2000). These advantages make
the engineered wetlands very attractive for use by small to medium sized
communities to mee discharge limits (Conte et al., 2001). One of the disadvantages
of using constructed wetland for the treatment of domestic wastewater is the large
land area required to design these systems (2-10 m2 PE-1).
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There are two types of subsurface constructed wetland namely; horizontal flow
constructed wetland (HFCW) and vertical flow constructed wetland (VFCW).
Design variations for both types principally affect the shape and size to fit site
specific characteristics and optimize construction, operation, and performance. The
use of CWs with both horizontal and vertical flow is increasing around the world for
domestic wastewater treatment (Liu et al., 2005). The HFCW can provide a reliable
secondary level of treatment with regard to BOD and TSS but frequently are less
effective for nitrogen removal; unless a longer hydraulic retention time and enough
oxygenation are provided (Abou-Elela et al, 2014). On the other hand, VFCW are
very effective not only for the removal of BOD and TSS but also for nitrification
even at a higher loading rate (Prochaska et al., 2007; Abou-Elela S.I and Hellal
M.S.2012 ). Therefore, VFCWs are becoming more popular (Molle et al., 2006) and
currently they are subject to intensive research in order to optimize their basic
design parameters (Brix and Arias, 2005). Moreover, wetland plants are an integral
part of the constructed wetland treatment system. They play important roles in CWs
for their capability of degrading and removing nutrients and other pollutants (AbouElela et al., 2013).
Accordingly, the aim of this paper is to portray, assess and evaluate different
treatment technologies which can be applied in rural areas and small communities
for domestic wastewater treatment and reuse.These technologies included the
followings: P-UASB packed with innovated material followed by either multistage
roughing sand filtration or biological aerated filter. The second technology is
constructed wetland using either HFCW or VFCWL planted with three different
kinds of plants namely; Canna, Pharagmites and Cyprus.

2. Material and Methods
Two treatment technologies are investigated as follows:
1- Packed bed Up-flow anaerobic sludge planket (P-UASB) followed by either
MSRFF or BAF.
2- Constructed wetland using either VFCW or HFCW.
The treatment systems are located in a nearby wastewater treatment plant and are
fed continuously with raw wastewater after coarse screening.
Description of Treatment Technology (1)
The treatment system consists of two treatment modules. The basic unit in both
modules is an up flow anaerobic sludge blanket fed with 10 m3/day raw wastewater.
The anaerobically treated effluent is equally divided between two post treatments
modules (MSRFF and BAF) as shown in Figure (1).
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Fig. 1: Schematic diagram of treatment technology (1)
Module (1)
IPS 1

Raw
wastewater
PUASB

MSRFF
Treatedwastewater
for Reuse

Module (2)
IPS 2

BAF
Source: Abou-Elela et al., 2013a

Description of Treatment Module (1)
A schematic flow diagram of this treatment module, its design criteria and
operating conditions are shown in (Fig-2) and (Table-1).
Fig. 2: Schematic flow diagram for treatment module (1)
HUASB
Vol. = 1750 lit
Gas meter

IPS
Vol. = 436 lit

Peristelatic Pump

Biogas
Sand Filter

120 cm

NWPF
packing
material

Raw wastewater
7m3/day

Fine sand (10 cm)
Coarse sand (22 cm)
Fine gravel (11 cm)
Coarse gravel (11 cm)

Source: Abou-Elela et al., 2013b

Tab. 1: Design criteria and operating conditions of module (1)
Parameters
Temperature (◦ C)
Flow rate (m3/day)
Volume (m3)
OLR (Kg COD m3/day)
HRT (hr)
Surface loading rate/rate of
filtration (m3//m2/h)
Packing material

P-UASB
17-35
7
1.75
1.42
6

IPS
17-35
7
0.54
-2.6

MSRFF
17-35
-----

--

19.44

0.00064

NWPF framed in
cylindrical frames

Provided
by
plastic
inclined
sheets
(60o
inclination)

Coarse and fine gravel
followed by coarse and
fine sand

Source: Abou-Elela et al., 2013b
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The treatment system consists of three successive compartments namely; hybrid
up-flow anaerobic sludge blanket (HUASB) with internal dimensions of 114 x 102
cm and height of 191 cm packed with non-woven polyester fabric (NWPF), operated
with an average OLR of 1.42 Kg COD/m3/day and HLR of 7 m3/day, inclined plate
settler with internal dimensions of 60x60 cm and height of 150 cm and a MSRFF.
The system is made of PVC of 8 mm thickness (Abou- Elela et al., 2013).
Description of Treatment Module (2)
The anaerobic-aerobic pilot plant treatment system is composed of packed upflow anaerobic sludge blanket (P-UASB) followed by a biological aerated filter
(BAF) then inclined plate settler (IPS) as shown in Figure (3). Both P-UASB and
BAF are packed with a novel packing material made from non-woven polyester
fabric (NWPF) with different shapes.Table (2) illustrates the operating conditions of
the pilot plant treatment module. Full description of the BAF unit was described
thourly in the work done by Abou- Elela et al., 2014.
Fig. 3: Schematic diagram of the pilot plant treatment system
Air Blower
Biogas
Filter bed

Final
Effluent
Packing
material

Sampling
points

Raw
Wastewater

P-UASB

Air
bubbles

BAF

IPS

Source: Abou-Elela et al., 2014

Tab. 2: Operating conditions of the pilot plant treatment module (2)
Parameters
HRT (hr)
Temperature (◦ C)
Up-flow velocity (m/h)
Flow rate (m3/d)
D.O (mg/l)
OLR (kg COD/m3/day)
Packing material
Surface area of NWPF m2/m3

Source: Abou-Elela et al., 2014

P-UASB
6
10-40
0.25
7
-1.54
Rolled NWPF
2000

BAF
3.2
10-40
0.40
7
3-5
0.9
Rolled + Plates NWPF
2000

IPS
1.49
10-40
-7
-0.6
---
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Packing Material
Non-woven polyester fabric (NWPF) was used as a packing material in both the
UASB and BAF units. The material was used as a biomass holder (packing material
in both UASB and BAF). This material was used for the first time for such purpose.
It is purchased from the local market as sheets (1×1m) with a thickness of 0.8-1cm.
The NWPF sheets were cut into square pieces (5×5 cm), then shaped into rolls and
fixed in plastic cylindrical frames. The rolled NWPF was retained in a stainless steel
basket and fixed in the upper part of the up-flow anaerobic sludge blanket at a
distance of 60 cm under the gas-liquid-solid separator (GLS). The height of the
packing material was 30 cm occupying a volume of 0.3 m3. SEM , TEM and toxicity
tests were carried out for this packing material. In BAF reactor, plate shape of
NWPF were fixed at a distance of 10 cm from the bottom of the reactor. The NWPF
was arranged in vertical plates at a distance of 5 cm apart from each other. The void
spaces were filled between every two successive plates with rolled NWPF to
increase the surface area for microorganism’s propagation (Photos 1-4)

Photo (1): Cut Pieces of Original Non-Woven
Polyester Fabric

Photo (3): Rolled NWPF
fabric in a plastic Frame

Photo (2): Rolled Non-Woven
Polyester Fabric

Photo (4): Rectangular plates
fixed in PVC frame

Description of Treatment Technology (2)
This system consists of two pilot plants CWs, one is HFCW and the other plant
is VFCW.The two pilot plants were designed, built and put into operation within the
vicinity of a wastewater treatment plant.The pilot units are operated since three
years ago and still running.They were fed with settled real wastewater from the
existing wastewater treatment plant in the field using a submersible pump and
through a PVC pipe.The HFCW has a surface area of 654.5m2 (37.87 m length and
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17.3 m width) with a depth of 0.85 m and 0.7% slope along the basin. It was filled
with 20 mm diameter gravel in the entire basin except 1m from the beginning and
the end of the basin was filled with 40-80 mm gravel to prevent clogging. The inlet
wastewater was fed to the HFCW through a PVC pipe with 10 holes within the
beginning of the basin. The VFCW was 21.95 m long and 20.85 m wide and the
influent wastewater is distributed through a PVC network (Abou-Elela and Hellal,
2012). The bottom of both basins was covered with PVC liner to prevent the
seepage to the ground water. The two pilot units are running at the same operating
conditions and at the same organic and hydraulic loading rates as shown in Table
(3).
Tab. 3: Operating conditions of the two pilot plant units
Operating parameters
Temperature
Surface area
Depth
Gravel diameters
Flow rate
Detention time
Organic loading rate

Unit
C°
m2
Cm
Mm
m3/day
Days
kg BOD/m3/day

HFCW
15-37
654.5
85
40-80
20
11
2.02

VFCW
15-37
457.65
85
10-20
20
7.7
2.02

Source: Abou-Elela et al., 2013c

The flow rate and the run off of the pumps were controlled using SCADA
software. All the main climatic parameters affecting the CW hydro-balance such as
temperature, wind speed and direction, humidity and atmospheric pressure were also
monitored on a daily basis and recorded by Solar Radiation Sensor Model DW6450. Figure (4) shows a schematic diagram of the two wetlands units.
Fig. 4: Schematic diagram of wetland treatment systems

Outlet

HFCW

Feeding tank

PVC Liner

PVC net
network l

VFCW

Source: Abou-Elela et al., 2013c

Outlet
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Plantation
Young plants of Canna, Phragmites Australis were planted at the beginning of
the winter session, while Cyprus papyrus was planted in October of the same year in
both basins. The VFCW bed was divided into four sections; only three sections were
planted with the three kinds of plants, while the fourth section was kept empty for
further plant investigation. HFCW was divided into three horizontal sections along
the length of the bed. The plants were fixed in each bed at a density of the four
rhizomes per square meter. Harvesting was done three times during the study period
(36 months), and the plants growth after harvesting was recorded. At each time of
harvesting, plants were cropped approximately 10 cm from the gravel surface. All
harvested plants were weighed on site. The ratios wet: dry weight was used to
estima the biomass. The harvested biomass were collected and weighted and the
water content was calculated as well as the concentration of nutrients. One day prior
to harvesting, representative samples in one square meter were analyzed for dry
weight and nutrient contents in each plant.

3. Performance
investigation

evaluation

of

the

treatment

systems

under

The efficiency of the treatment systems are evaluated through physico-chemical
as well as biological examinations according to APHA, standard method for water
and wastewater examinations.
Results and Discussion
Packing material
Characteristics of NWPF used in the UASB as a packing material
Table (4) summarizes the characteristics of NWPF. In UASB, examination of the
NWPF before and after loading with biofilm using SEM is shown in photos (5-6). It
is obvious from Photo (6) that the biofilm developed in the NWPF media for a
duration of 12 month, act as a filter preventing the washout and also providing a
large surface area for faster biofilm development and consequently improved
methanogensis in the H-UASB.
Tab. 4: Characteristics of NWPF
Parameters
Shape

Specific surface area
Pore size

Unit
--

m2/m3
µm

Source: Abou-Elela et al., 2013b

Value
Rolled NWPF, thickness 0.81 cm cut into small
pieces (5x5cm) and fixed in plastic cylindrical
frames
2000
Range from 21.2 µm - 66.5 µm with an average
pore size of 43.8 µm
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Moreover, there is still void spaces can be utilized by the microorganisms in the
NWPF. In UASB the biomass is developed on the surface of the NWPF filter. This
may be explained that the anaerobic microorganisms have a slow tendency to attach
on the surface of the packing material rather than penetrating into the filter.
However, in BAF, the SEM photos (7-8) indicated the penetration of aerobic
microorganism into the pores of NWPM. These results are in agreement with
Uemura et al., 2000.Also, the media in the BAF provides a large surface area per
unit volume for biofilm development. The media (NWPF) used in this study acts as
a deep, submerged filter and incorporates suspended solids removal.

(a)

(b)

Photo (5): SEM Photos of NWPF in P-UASB: (a) before Biomass and (b) after biomass

(a)

(b)

Photo (6): SEM Photos of NWPF in BAF: (a) before Biomass and (b) after biomass

Efficiency of Treatment Module (01)
P-UASB-IPS-MSRFF
Figure (5) shows the overall efficiency of treatment module (01). The results
revealed that the system achieved sustainable and satisfactory reductions in the total
COD, BOD5 and TSS. Their corresponding percentage removal values were 86.2%,
90.8% and 97.2%, respectively with residual concentrations of 48, 18 and 9 mg/l,
respectively. The results obtained proved the advantage of using the innovative
packing material (NWPF) in the P-UASB. The NWPF has pleated and rough
surface, which can retain more biomass rather than the plain surface, it has high
surface area (2000 m2/m3), high porosity (43.8 µm) and low density. All that
enhances the strong adhesion of microbial biomass onto the packing media,
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promoting the effective physical entrapment/adsorption and subsequent bonding
(chemical/electrostatic and Vander waals forces) between biomass and media which
led to immobilization of attached biomass (Sanchez et al., 1994).
Fig. 5: Performance of treatment module (01)*

*organic loading rate 2.1 Kg COD m3/day
Source: Abou-Elela et al., 2013

Efficiency of Treatment Module (02)
P-UASB-BAF-IPS
The integrated treatment system proved to be very efficient during the study
period. A high quality effluent was produced in terms of physico-chemical as well as
biological parameters. Figure (6) show the overall efficiency of the treatment
module. The average percentage removal of COD, BOD and TSS, were 91%, 90%
and 97.8 % with corresponding residual values of35 mg/l, 16 mg/land 7 mg/l. In
addition, average of 3 logs was removed from total coliform, fecal coliform and
fecal streptococci. According to the Egyptian Code of practice for treated
wastewater reuse in irrigation (ECP501/2005) the treated effluent can be used for
restricted and non-restricted irrigation after disinfection.
Fig. 6: Overall efficiency of module (02)

Source: Abou-Elela et al., 2014
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4. Results of CWs
The results of COD and BOD analysis indicated that both HFCW and VFCW
produced a high quality effluent. The average removal rate of COD reached 91.2%
in HFCW and 92.4% in VFCW. The removal rate of BOD reached 93.4% in HFCW
and 94 % in VFCW. Although the surface organic loading rate for HFCW was 7.15
g COD/m2. d and for VFCW was 10.23 g COD/m2. d, better results were achieved in
VFCW. Elimination of suspended solids was very high and occurred immediately
after the experiments were started, concentrations <10 mg/l were observed in most
of the samples. Complete removal of TSS occurred in some samples. The average
removal rate in HFCW was 93.8 %, while it reached 94.9 % in VFCW.
The average TKN removal efficiencies throughout the study period were 62.5%
for HFCW with a residual value of 15.4 mg N/l, while it reached 65.5% in VFCW
with a residual value of 12.5 mg N/l. The removal of TKN from CW occurs by
ammonification process. Ammonification is an energy releasing complex
biochemical process where the amino acids are subjected to oxidative deamination
producing ammonia (NH3). The average removal efficiency of ammonia-nitrogen
NH4+-N in HFCW was 59.9 % with an average residual value of 9.18 mg/l. The
VFCW results indicated better removal of NH4+-N as it reached 65.7% with average
residual value of 6.1 mg/l. The removal rate of ammonia and TKN in VFCW is
better than HFCW although its smaller size and higher HLR.
Fig. 7: COD and BOD concentrations in influent and effluent from HFCW and VFCW

Source: Abou-Elela et al., 2013c

SOHAIR I. ABOU-ELELA

Fig. 8: TSS concentrations in influent and effluent from HFCW and VFCW

Source: Abou-Elela et al., 2013c

Fig. 9: Variation of TKN concentrations in HFCW and VFCW effluents

Source: Abou-Elela et al., 2013

Fig. 10: Ammonia concentrations in influent and effluent from HFCW and VFCW

Source: Abou-Elela et al., 2013c
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In addition, the results depicted in Fig (11) show that the concentrations of
nitrate in VFCW effluent were higher than HFCW effluent.The average NO −3–N
concentration in the HFCW effluent was 0.27 mg/l, while in VFCW was 0.65 mg/l.
These results proved that VFCW was more effective than HFCW in nitrification
process because of the aerobic conditions in the vertical basin.
The results of total phosphate analysis indicated that VFCW was more effective
for phosphate removal than HFCW. The removal rate was 68% for VFCW, while it
reached 63% in HFCW.
Fig. 11: Nitrate-concentrations in influent and effluent from HFCW and VFCW

Source: Abou-Elela 2013c

The results showed that the VFCW was more effective for reducing total
coliform, fecal coliform and E-coli than the HFCW.The VFCW removed three to
four orders of magnitude of total coliform, fecal coliform and E-coli in the treated
effluent with an average removal efficiency reached 99.99 %.However, removal of
two to three orders of magnitude of bacterial indicators was achieved using HFCW
with an average removal efficiency of 99.89 %. The main difference between the
two types of wetlands was the higher oxygen concentration in the VFCW. In spite of
the high removal rates in both basins, the residual pathogens were not complying
with the National Regulatory Standards for wastewater reuse in irrigation.
Accordingly, disinfection of residual pathogens is required.
Moreover, monitoring the plants growth during the study period showed that the
plants in HFCW are taller than the plants in VFCW. This may be attributed to the
design of HFCW that allows continuous flow of wastewater under the plant’s roots.
The results of biomass production indicated that the density of plants in HFCW is
slightly higher than that in VFCW. This may be attributed to the continues contact
of water with the plants roots.The results indicated that Cyprus was better than
Canna and Phragmites for the removal of nitrogen and phosphorus from wastewater.
This may be attributed to the fact that Cyprus was distributed more widely in the
bed.
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5. Conclusion
From this study the followings can be concluded:
The use of P-UASB followed by either MSRFF (Module (01)) or BAF
(Module (02)) aresuitable for wastewater treatment in small villages when land
is very limited. Both modulesproduced effluents that comply with the limits of
Law 48 for the Year 1982, regarding the disposal of treated effluents into
agricultural drains. Module (01) is recommended for small communities that
have limited energy resources and can allow the disposal of effluents into
agricultural drains or reuse in restricted irrigation.
2. Module (02) can treat domestic wastewater with low to medium strength and
the final effluent can meet the limits of the Egyptian Code of Practice (ECP
501-2005) regarding effluent reuse in unrestricted irrigation and where energy
resources are available (The methane gas produced from the anaerobic PUASB can be utilized and used as a source of energy in the BAF unit. Module
(02) is recommended where effluent reuse in unrestricted irrigation is needed .
3. Module (02) was designed in a compact shape and can produce up to 1000
m3/d at peak flow conditions. The compact shape of the main units of the
treatment system can occupy an area of 77.5 m2 (12.3 m x 6.3 m). This area
does not include the area to be provided for the blower, sump for collection of
raw wastewater and the chlorinator. The system also does not include solids
and sludge treatment facility. Generally, the amount of sludge that may be
produced due to treatment is low. It is approximately 1 m3/d on average.
4. The capital cost for the construction of Module (02) for the treatment of
wastewater, tendering and the land generated from a small community (with a
flow rate of 1000 m3/d at peak flow) was found to be 557, 000 Egyptian L.E.
(557 L.E/m3 of wastewater). The consulting fees, the fees for certifications
price are not included in the construction cost.
5. The monthly costs of operation and maintenance of Module (02) for the
treatment of domestic wastewater generated from a small community (with a
flow rate of 1000 m3/d at peak flow) was found to be 4, 535 Egyptian L.E.
(0.151 L.E/m3 of wastewater).
6. Both HFCW and VFCW produced a high quality effluent amenable for
wastewater reuse inagriculture according to the Egyptian Code of Practice
(ECP 501/2005).
7. There was no significant difference between HFCW and VFCW in COD, BOD
and TSS removal rate.
8. Although the surface organic loading rate for HFCW was 7.15 g COD/m2. d
and for VFCW was 10.23 g COD/m2 d, better results are achieved in VFCW.
9. The average removal rate of COD reached 91.2% in HFCW and 92.4% in
VFCW. The removal rate of BOD reached 93.4% in HFCW and 94 % in
VFCW.
10. The average removal rate of TSS in HFCW was 93.8 %, while it reached 94.9
% in VFCW.
1.
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11. The presence of several species of plants provides a more effective distribution
of the roots and a more propitious habitat, which encourages the development
of a great diversity of microbial communities. The plants may also contribute
some oxygen to the granular bed.
12. The VFCW showed better removal rate than HFCW in terms of TKN and
ammonia although of its smaller size and higherHLR.
13. The VFCW was more effective for reducing total coliform, fecal coliform and
E-coli than the HFCW. The removal rate exceeded 99.99%.
14. The results showed that the land required per person equivalent is 2-3 m2 /P.E
15. The estimated cost for 1 m3 of domestic wastewater treatment via CWs ranged
between $186 and $357 compared with conventional treatment processes ($
571–715$).
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Abstract
Purpose of the paper: Many Mediterranean countries face water shortage problems. The
reuse of treated wastewater can relieve the pressure on existing fresh water resources.
However, this requires an effective legislation to be in place.
Methodology: This work is a critical review of existing water reuse practices and
legislation in Italy, Greece and Cyprus.
Findings: The work examines existing water reuse standards and the progress made so
far concerning water reuse. Particular attention is given to the benefits of treated wastewater
reuse in integrated water resources management systems and its role for water cycle
management, solving water scarcity issues mainly in arid and semi-arid regions of the
Mediterranean basin.
Research limitations: The old and new water frameworks Directives are driving fast
changes and developments of the water legislation in the European Union, so the findings
may not represent the current state-of-the-art. The paper reports a nation-wide standard,
while a local and more stringent standard may have been fixed for very specific cases.
Implications: Water reuse is not subject to homogeneous criteria throughout the
European Union and the Mediterranean basin.
Originality of the paper: The paper sets a framework of actual water reuse practice in
water-scarce European-Mediterranean countries.
Key words: reclaimed water reuse; Italy; Greece; Cyprus; water reuse standards

*

**

***

****

PhD, of Chemical Engineering - University of Verona
e-mail: malamis.simos@gmail.com
PhD, of Chemical Engineering - University of Verona
e-mail: evangelia.katsou@univr.it
Associate Professor of Chemical Engineering - University of Verona
e-mail: david.bolzonella@univr.it
Associate Professor of Chemical Plants and Processes - University of Verona
e-mail: francesco.fatone@univr.it

sinergie, rapporti di ricerca
n. 38, Febbraio 2015, pp. 53-63
ISSN 0393-5108

54

CURRENT SITUATION REGARDING RECLAIMED WATER REUSE IN ITALY, GREECE AND CYPRUS

1. Introduction
Water is an environmental, social and economic asset and it must be managed in
a manner that serves the interests of communities. It is important to meet water
demand in time and space by means of sustainable forms of water management.
Furthermore, the water provided should be of adequate quality, depending on the
water use. The Mediterranean basin is characterized by significant water shortage.
To make matters worse, it is unequally distributed in both space and time. The
imbalance between water demand and supply is mainly due to the uneven
distribution of precipitation, to high temperatures, increased demands for irrigation
water and the impacts of tourism. It has been long recognized that water scarcity
problems can be alleviated through the mobilization of non-conventional water
resources, such as adequately treated wastewater reuse. Reclaimed water can be
used for various applications which include agricultural irrigation, aquifer
enrichment, watering of green areas and industrial use. To minimize environmental
hazards and eliminate health risks, the reclaimed water should be of adequate
quality. This is why it is important to implement treatment technologies that can
ensure the required quality of the reclaimed water and at the same time develop
quality standards concerning the reclaimed water. Italy, Greece and Cyprus have
developed reclaimed water reuse standards which are currently in effect
(Kalavrouziotis et al., in press; Malamis et al., in press).
Biological treatment processes such as the activated sludge process, rotating
biological contactors (RBCs) and moving bed biofilm reactors (MBBRs) can
effectively remove organic matter and nutrients from wastewater given that
nitrification/denitrification and biological and/or chemical phosphorus removal are
integrated. However, the produced secondary effluent has still a significantly content
of pathogenic microorganisms and should be disinfected prior to its final use.
Disinfection can include ozonation, chlorination or ultraviolet (UV) radiation. The
effectiveness of disinfection is reduced when the secondary effluent contains
elevated concentrations of suspended solids. To ensure adequate disinfection a
tertiary treatment (i.e. conventional filters, ultrafiltration and microfiltration
membranes) can be applied before the disinfection process to eliminate suspended
solids (Malamis et al., in press). In addition, the conventional wastewater treatment
plants (WWTPs) are not designed to remove micropollutants such as
pharmaceuticals and pesticides, which are present at trace levels in municipal
effluents. Therefore, effective monitoring of such contaminants is required in
secondary effluent that is reused.
2. Reclaimed water reuse in Greece, Italy and Cyprus
2.1 Water reuse in Greece
The mean annual rainfall in Greece is approximately 116,330 Mm3/y. The annual
water consumption is 8,241 Mm3/y out of which the vast majority (83%) is used in
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agriculture (Frontistis et al., 2011). In 2011, the precipitation in the country was 652
mm/y. Table 1 summarizes the water consumption for each sector. Although the
rainfall potential far exceeds the country’s water needs, water shortage problems are
experienced, particularly in some islands and coastal zones during the draught
periods (Angelakis et al., 1999; Gikas and Tchobanoglous, 2009). Water availability
problems in the country are increasing due to the increase in water consumption, the
overexploitation of the easily accessible fresh water resources (i.e. pumping of
groundwater). The water supplied (available) for irrigation is characterized by high
costs for supply, storage and distribution. The lack of an efficient and equitable
water pricing system is an additional disadvantage in the process of managing water
allocation (Kalavrouziotis et al., in press). Significant improvement in the treatment
of wastewater has been achieved with the operation of several municipal WWTPs.
Greece has approximately 250 urban WWTPs. However, only a very small part of
the total treated effluent is actually reused. This is estimated to be around 1%, with
99% of the treated effluent being disposed (Kalavrouziotis et al., in press). Through
a Common Ministerial Decision, Greece has recently adopted reuse standards for
treated wastewater (municipal and industrial from specific non-hazardous industrial
sectors) for various applications including restricted and unrestricted irrigation,
industrial use, urban and suburban use and aquifer enrichment (KYA, 2011). As
seen in Table 2, the minimum treatment technology that is required is that of
secondary, biological treatment followed by adequate disinfection. However, for
several reuse applications biological treatment should be followed by tertiary or
advanced treatment. This requirement can enhance the implementation of membrane
technology in Greece such as membrane bioreactors (MBRs) and
ultrafiltration/microfiltration for the tertiary treatment of secondary effluent. In line
with this, Malamis et al. (in press) found that MBR permeate required much lower
dosages of UV radiation and chlorination to achieve the required reuse limits,
compared to tertiary effluents which had been treated by conventional filters. The
secondary effluents could not meet the required limits even when very high UV
radiation and chlorination dosages were applied. The Greek reuse standards also
specify limit values for metals/metalloids and for priority pollutants (Tables 3 & 4).
It also specifies desirable agronomic characteristics concerning the irrigation of
reclaimed water (KYA, 2011).
Tab. 1: Annual water consumption per sector in Greece
Sectors of water consumption
Irrigation
Public use (potable)
Industry
Animal use
Other use
Total
Source: Frontistis et al., 2011

Consumption (Mm3/y)
6833
1045
158
105
100
8241

%
12.9
12.7
1.9
1.3
1.2
100.0
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Tab. 2: Limits for reclaimed water specified by the Greek Common Ministerial
Decision
Restricted
irrigation,
industrial use

Unrestricted irrigation
industrial use1

Escherichia
Coliforms
(CFU/100 mL)

≤ 200 mean value

≤5 for 80% of samples
≤50 for 95% of samples

-

-

≤2 for 80% of samples
≤20 for 95% of
samples

≤10 for 80% of samples

≤10 for
samples

Total Coliforms
(CFU/100 mL)
BOD5
(mg/L)

Specified
by
the
Common
Ministerial
Decision
KYA
5673/400/1997

and

Urban, suburban use
and
groundwater
enrichment by drilling

Parameter

80%

of

80%

of

≤2 mean

≤2 mean

TSS (mg/L)

Specified by other
Common
Ministerial
Decision
KYA
5673/400/1997

≤10 for 80% of samples

≤10 for
samples

Minimum
treatment
requirements

Secondary biological
treatment2
and
disinfection3

Secondary
biological
treatment4, tertiary treatment 5
3
and disinfection

Secondary
biological
treatment6,
advance
7
treatment
and
3
disinfection

Turbidity (NTU)

Source: KYA, 2011

1
2

3

4

5

6

7

Except cooling water for single use
Suggested methods of secondary biological treatment include the activated sludge
process, biological filters and rotating biological discs or other systems that produce
equivalent treated effluent quality. Nitrogen in the treated effluent should have a
concentration lower than 45 mgN/L except in cases where the treated effluents are stored
for long periods in reservoirs, irrigation in nitrate vulnerable zones is practiced and
groundwater enrichment takes place. In these cases nitrogen should be lower than 15
mgN/L.
Disinfection options include chlorination, UV radiation and ozonation or other
disinfection system that can guarantee the required limits.
As specified in 3. In the case of irrigation in nitrate vulnerable zones, nitrogen removal
through nitrification/denitrification is required as the treated effluent should have a total
nitrogen concentration lower than 15 mgN/L and ammonium concentration lower than 2
mgN/L.
Typical tertiary treatment includes coagulant addition and filtration through conventional
sand filters.
As specified in 3 with the extra requirement of biological nitrogen removal through
nitrification/denitrification as the treated effluent should have a total nitrogen
concentration lower than 15 mgN/L and ammonium concentration lower than 2 mgN/L.
Advanced treatment means ultrafiltration membrane system or other equivalent system
that can guarantee the required limits. In the case where membrane bioreactors are used, it
is possible to integrate biological and advanced treatment in one stage.
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Tab. 3: Limits for metals, metalloids and elements specified in the Greek standards
for water reuse (KYA, 2011)
Parameter
Aluminium (Al)
Arsenic (As)
Beryllium (Be)
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Fluorine (F)
Iron (Fe)
Lithium (Li)
Manganese (Mn)
Molybdenum (Mb)
Nickel (Ni)
Lead (Pb)
Selenium (Se)
Vanadium (V)
Zinc (Zn)
Mercury (Hg)
Boron (B)

Maximum concentration (mg/L)
5
0.1
0.1
0.01
0.05
0.1
0.2
1.0
3.0
2.5
0.2
0.01
0.2
0.1
0.02
0.1
2.0
0.002
2

Source: KYA, 2011

Tab. 4: Limits for priority pollutants and toxicants specified in the Greek standards for
water reuse
Parameter
Alachlor
Anthracene
Atrazine
Benzene
Brominated diphenyl ether
Carbon tetrachloride
C10-13 chloroalkanes
Chlorfenvinphos
Chlorpyrifos (Chlorpyrifos-ethyl)
Aldrin
Dieldrin
Endrin
Isodrin
Total DDT
Para-para DDT
Dichloroethane
Dichloromethane
Phthalic di(2- ethylhexyl)
Diuron
Endosulfan
Fluoranthene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexane
Isoproturon

Maximum
concentration
(g/L)
0.7
1
2
5
0.025
Non detectable
1.4
0.3
0.1
Non detectable
Non detectable
Non detectable
0.01
Non detectable
Non detectable
20
50
10
1.0
0.01
1
Non detectable
Non detectable
Non detectable
1
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Naphthalene
Nonylphenol (4-nonylphenol)
Octylphenol [(4-(1,1’,3,3’- tetramethylbutyrate-phenol)]
Pentachlorobenzene
Pentachlorophenol
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(ghi)perylene
Indeno(1,2,3-cd)pyrene
Simazine
Tetrachlorethylene
Trichlorethylene
Tributyltin compounds
Trichlorobenzene (all isomers)
Tricholomethane
Trifluralin
Acute toxicity to the indicator organism Daphnia Magna (before disinfection)

2.4
2
1
0.1
1
0.1
Sum = 0.03
Sum = 0.02
1
10
10
0.003
0.4
2.5
0.03
1 unit toxicity (TU 50 ≤ 1)

Source: KYA, 2011

2.2 Water reuse in Italy
In Italy, rainfall is very diverse, with high precipitation in the Northern part of
the country (800-1350 mm/year). In the southern part, the climate is semi-arid and
precipitation is much lower, ranging from 450 mm/y to 600 mm/y. Water
availability in the country is higher compared to other Mediterranean countries
(Lazarova et al., 2001; Gleick, 2009). Nevertheless, some parts in the south suffer
from water scarcity and are susceptible to desertification. Italy uses 60% of its fresh
water consumption for agricultural irrigation. There are around 15,000 WWTPs,
70% of which have a size smaller than 2,000 population equivalent (PE). Significant
amount of the treated effluent is reused in industry, while only 0.3% of the treated
effluent is actually reused in agriculture (Collivignarelli, 2005). The major part of
the pollutant loading is treated in larger WWTPs, with a treatment capacity larger
than 100,000 PE. The reuse of wastewater is regulated by the Ministerial Decree,
initiated on the 2nd May 2006 (further to the art 99 Law Decree 159/2006). The reuse
applications which are specified include: irrigation (irrigation of crops for human
consumption and livestock as well as any other non-food crops or for the irrigation
of parks and gardens), civil use (streets flushing, feed of heating and cooling of
industrial systems, feed of dual systems without direct use in households except for
toilet flushing) and industrial use (feed of cooling and heating systems, antiﬁre net,
production with the exclusion of food processing, and pharmaceuticals and
cosmetics production). Table 5 lists the required physicochemical and
microbiological limits for reclaimed water in Italy.
The cost of groundwater drilling is much lower than the cost of reclaimed reuse
for irrigation. Given the availability in groundwater and its low extraction cost, it is
difficult to enhance reclaimed water reuse in agriculture, (Kalavrouziotis et al., in
press).
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Tab. 5: Limits for water reuse in Italy
Parameter
pH
SAR8 (mmol/L)0.5
TSS (mg/L)
BOD5 (mgO2/L)
COD (mgO2/L)
Total nitrogen (mgN/L)
Total phosphorus (mgP/L)
NH4-N (mgN/L)
Conductivity (S/cm)
Escherichia Coliforms (CFU/100 mL)
Salmonella
Aluminium (mgA/L)
Arsenic (mgAs/L)
Barium (mgBa/L)
Beryllium (mgBe/L)
Boron (mgB/L)
Cadmium (mgCd/L)
Cobalt (mgCo/L)
Chromium(VI) (mgCr(VI)/L)
Iron (mgFe/L)
Manganese (mgMn/L)
Mercury (mgHg/L)
Nickel (mgNi/L)
Lead (mgPb/L)
Copper (mgCu/L)
Selenium (mgSe/L)
Tin (mgSn/L)
Tantalum (mgTa/L)
Vanadium (mgV/L)
Zinc (mgZn/L)
Total cyanides (as CN)
Sulphite (mgSO32-/L)
Sulphate (mgSO42-/L)
Free chlorine (mgCl2/L)
Fluoride (mgF-/L)
Oil and grease (mg/L)
Mineral oil (mg/L)
Total phenols (mg/L)
Pentachlorophenol (g/L)
Total aldehyde (mg/L)
Tetrachloroethylene (g/L)
Trichloroethylene (g/L)
Total chlorine solvents (g/L)
Trihalomethane (g/L)
Total aromatic solvents (g/L)
Benzene (g/L)
Benzo(a)pyrene (g/L)
Total N-organic solvents (g/L)
Total detergents (g/L)
Chlorine pesticides (for each compound) (g/L)
Phosphorus pesticides (for each) (g/L)
Other total pesticides (g/L)

Source: Law Decree 152/2006

8

SAR= Sodium absorption ratio

Value
6.0-9.5
10
10
20
100
2
15
2
3000
10 for 80% samples
100 max
Absent
1
0.02
10
0.1
1.0
0.005
0.05
0.005
2
0.2
0.001
0.2
0.1
1
0.001
3
0.001
0.1
0.5
0.05
0.5
500
250
1.5
10
0.05
0.1
3
0.5
10
40
30
10
1
0.01
10
500
0.1
0.1
50
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2.3 Water reuse in Cyprus
During the time period 2001-2010, the mean annual precipitation in Cyprus was
on average approximately 475 mm/y. The country has suffered in the past from
severe droughts, with the lowest precipitation over this period being recorded in the
years 2007-08 (273 mm/y). Within the 20th century, the annual precipitation in
Cyprus has been decreasing by approximately 1 mm per year (Meteorological
Service, 2011). The area of Cyprus, controlled by the government, has water that
equals to 2804 Mm3; only 10% of this (i.e. 280 Mm3) remains as surface and
groundwater, since 90% is lost through evapotranspiration. 70% of the available 280
Mm3 is groundwater and 30% surface water. An average of 61 Mm3 of water is lost
every year as groundwater seepage.
Tab. 6: Uses of surface and groundwater in Cyprus
Sectors of water consumption
Surface water used for irrigation
Surface water for domestic use
Surface water used for recharge
Groundwater extraction
Groundwater used for irrigation
Groundwater used

Consumption (Mm3/y)
35
21
9
146
120
26

Source: Water Development Department, 2011

The majority of the fresh water reserves consumed, is used in agriculture (170
Mm3 which corresponds to 65%) and another 90 Mm3 (35%) is used for domestic
and industrial purposes. It is expected that water demand will increase from 260
Mm3 in 2010 to 275 Mm3 in 2020 (i.e. an increase of 6%). As a response to water
scarcity issues and increasing water demand, the government has increased the
amount of treated effluent that is reused and the amount of water produced from
desalination plants. In 2011, desalination units contributed up to 50 Mm3 of fresh
water per year. Cyprus has seven municipal WWTPs servicing the large cities of the
country, with a PE higher than 10.000. Six plants serve municipalities having PE
between 2,000 and 10,000, five plants serve communities with PE lower than 2,000,
four plants serve refugee housings, five plants serve hospitals and, nine plants serve
military camps.
Figure 1 shows the proportion of reclaimed water that was (i) used for
agricultural irrigation, (ii) used for aquifer recharge, (iii) discharged to the sea and
(iv) sent to a dam. The majority (>65%) of the treated effluent is used in agriculture,
while only a small part is discharged into the sea. In 2010, the treated effluent
produced from the municipal WWTPs was 14.9 Mm3, out of which 11.0 Mm3 were
used for irrigation and 2.3 Mm3 for aquifer enrichment (Water Development
Department, 2011).
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Reclaimed water use (%)

Fig. 1: Reclaimed water reuse and discharge in Cyprus over the period 2004-2010
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Source: Water Development Department, 2011

The government has set suitable standards to which the treated effluent should
conform in order to be reused. In the case of WWTPs having a PE higher than 2,000
the required water quality is specified in the conditions of the disposal permits. The
limits are listed in Table 7.
Tab. 7: Limits for disposal permits for WWTPs with PE > 2,000
Parameter
pH
BOD5 (mg/L)
COD (mg/L)
TSS (mg/L)
Conductivity (μS/cm)
Total nitrogen (mgN/L)
Total phosphorus (mgP/L)
Chlorides (mgCl/L)
FOG (mg/L)
Zinc (mgZn/L)
Copper (mgCu/L)
Lead (mgPb/L)
Cadmium (mgCd/L)
Mercury (mgHg/L)
Chromium (mgCr/L)
Nickel (mgNi/L)
Boron (mgB/L)
Escherichia Coliforms
(CPU/100 mL)
Eggs of intestinal worms
Residual chlorine (mg/L)
Source: Water Development Department, 2011

Maximum value (mg/L)
6.5-8.5
10
70
10
2200
15
10
300
5
1
0.1
0.15
0.01
0.005
0.1
0.2
0.75
50
0
1
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According to the Cypriot Code of Good Agricultural Practice, the use of recycled
water of adequate quality is an environmentally accepted solution and is required in
order to relieve the burden from the acceptable fresh water resources (Republic of
Cyprus, 2007). Cyprus has also specified terms for the quality of reclaimed water
used for irrigation for WWTPs with PE lower than 2,000.

3. Conclusions
The reclaimed water reuse strategy has to comply with the water needs of the
country. Greece, Italy and Cyprus have all specified reclaimed water reuse
standards, with limit values on certain important physicochemical and
microbiological parameters. In Cyprus, reclaimed water reuse in agriculture is
intensively practiced since the majority of the treated effluent from the large urban
WWTPs is being directed. In Greece, the majority of the treated effluent is
discharged to water recipients. Italy uses only a small percentage of the reclaimed
water for agricultural irrigation.
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Socio-economic impact of wastewater
reclamation/phytoremediation

The green economy as a new pattern
of development
MARCO FREY*

Abstract
Purpose of the paper. The paper aims at analyzing the drivers for the promotion of a
green growth based on a circular economy, a concept which is focused on resource efficiency
and, therefore, particularly emphasizes the approaches based on saving and recovering
resources as one of the most important pillar of the green economy.
Methodology. The analysis has been performed by comparing different definitions of
“green economy” that have appeared in the mainstream institutional debate over recent
years.
Findings. The paper emphasizes the green economy’s holistic and systemic concept and
defines the boundaries of the green economy and its different potential synergies and
integrations
Research limits. The analysis of all enabling conditions to develop the green economy
such as national policies and incentives at the global level as well as the market-based
solutions, is very difficult due to the scarce available data.
Managerial and social implications. Taking into consideration an “integrated
approach” to develop the green economy, means that the different dimensions of the
economic development, the ecosystem and the social context will be analyzed simultaneously.
Originality of the paper. The research paper, in particular, tackles the issue of costs
associated with increasing recurce scarcity that is not normally reflected in markets.
Key words: green economy; human wellbeing; social equity; economy paradigm;
sustainability; eco-innovation

1. Introduction
There is a widespread awareness of the fact that our pattern of development has
taken a “dead-end street” and that it is necessary to profoundly rethink the ways
through which it may be possible not only to overcome the current phase of the
economic crisis, but also to reorganize the bases by means of which adequate
wellbeing for future generations may be guaranteed.
*
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The chart below shows how the current situation of global development is
absolutely unsustainable and inequitable, with a clear distinction between two
groups of countries.
Fig. 1: Unsustainability and inequity in the current model of development

Source: UNDP

On one hand we have Western countries - as well as some countries in Asia or
the Middle East - that consume many more resources than those available to them
(as shown in the graph of proxy ecological footprint) while enjoying, at the same
time, a high degree of wellbeing (as shown by the Human Development Index). On
the other hand, developing countries, particularly those in Africa, consume less than
what they would be entitled to if there were an equitable distribution, and at the
same time suffer from an inadequate level of wellbeing.
No country in the world today can be placed in the virtuous box on the bottom
right (above the 0.8 threshold of the Human Development Index), where wellbeing
is associated with a fair amount of resource consumption.
In Figure 2, we can better see the distribution of resource consumption in
relation to biocapacity in the various countries around the world. Here the debtor
position of several countries, including Italy, China and several Arab countries, is
clear.
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Fig. 2: Debtor and creditor countries in terms of biocapacity

Source: Global Footprint Network

At the same time, these consumption levels mean that the average resources
available on the planet are consumed in the first two thirds of each year; the last four
months actually represent a sort of improper use of resources (through an
overfishing, which depletes the available stock) that should be granted to/secured for
future generations.
In other words, the current development is unfair from both an infra and an intergenerational logic.
The main way to overcome this structural limit is represented by a systematic
attention to the efficient use of resources, a challenge that must be led by the
countries which had previously promoted consumption patterns that revealed
themselves to be clearly unsustainable in the long run.
In this perspective, the green economy was seen at the institutional level as a
driver of change in the long run (UNEP, 2011; OECD 2011; World Bank, 2011), by
means of which it was possible to do “more with less”, try to protect our planet,
preserve natural capital while trying to reach a level of appropriate development that
ensures an adequate quality of life for everyone in a more equitable world.
This view was not shared by many economists, who were adverse to not much
demonstrable slogan, and insisted on the necessity of an accurate analysis of the
costs and benefits of the various alternatives in order to overcome the crisis, and on
the fact that the green economy cannot be considered as “a great free banquet which
was put under our noses” (Schmalensee, 2012).
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The trends that are in progress, however, show the need to act promptly and with
determination in international politics, but also highlight the opportunities where
economies and businesses that are more oriented towards the green economy will be
able to avail. Some numbers in this regard include:
- by 2030 3 billion additional consumers are expected to belong to the middle
class with a consequent demand for resources;
- there has been a growth of 147% of the real price of commodities compared to
the values that were present at the turn of the new millennium (McKinsey,
2012);
- there are between 2.1 and 6.3 trillion dollars of business opportunities related to
environmental sustainability only in the natural resources sector (OECD, 2011).
One of the key challenges is that of circular economy. A recent study by Mc
Kinsey shows that between 60% and 80% of resources is wasted within the linear
path of extraction-production-consumption-waste. To reduce this huge waste many
systemic actions involving the design, durability of the products (as opposed to the
logic of planned obsolescence) and packaging, as well as the length of the supply
chains, etc. have been implemented.
Moreover, it is interesting to observe how the chances in terms of resource
productivity can be a great opportunity for growing economies and developing
countries, claiming that the green economy can help to reduce the development gap
at an international level.
Fig. 3: Opportunities to increase the productivity of resource use

Source: McKinsey, 2011
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2. The main institutional contributions in relation to the green economy
Referring to the documents of intergovernmental institutions in order to identify
a definition of green economy and to the outcome document of the Rio +20
Conference1, it may be useful to make use of the preparatory works prepared by the
UNEP and OECD, as well as the recent acts of the European Commission2.
The UNEP (2011) with its “Towards a Green Economy” report has emphasized
the importance, especially in times of crisis, of the green economy as a key to
achieve sustainable development and poverty eradication.
In fact, the UNEP (2010) defines green economy as one that is able to improve
human well-being and social equity while reducing environmental risks and
ecological scarcity.
In a greener economy, growth in income and employment is driven by public
and private investments that reduce carbon dioxide emissions and pollution, thereby
increasing the efficiency of resources use and preventing the loss of biodiversity and
ecosystem services.
These investments require the guidance and support of public spending, reform
policies and changes in regulation.
The path of development should, in fact, maintain, consolidate and, where
necessary, rebuild natural capital as a critical economic asset and source of public
benefits.
This is particularly important for the poorest people whose lives and safety
directly depend on nature.
In the first part, the UNEP report indicates the areas of natural capital in which it
is necessary to invest (agriculture, fishing, water, forests), while the second part
explores opportunities in the efficient management of resources (renewable energy,
industry, waste, buildings, transport, tourism and city) and the third focuses on how
to support the transition to the green economy (models, enabling conditions,
finances). Overall, the planned investment to convert the traditional economy into a
greener economy is equal to 1.300 billion (2% of the GDP)3. Among these total
investments some areas of particular importance can be identified, i.e. transportation
where benefits in terms of avoided social costs arising from traffic jams, accidents
and pollution can achieve improvements equal to several GDP percentage points in
some contexts.
1

2

3

In paragraph 56 of the final document of the Rio + 20 Conference in it is stressed that
green economy “should help to eliminate poverty as well as to contribute to a sustained
economic growth, improve social inclusion, improve human wellbeing and create
opportunities for employment and decent work for all, while maintaining the intact
functioning of Earth’s ecosystems.”
For a more systematic analysis of how and how much the term “green economy” has been
used in the preparatory work for the Rio + 20 Conference, see Bär et alii (2011).
One of the main criticisms addressed to the UNEP report concerns the non-definition of
the ways to finance these substantial investments (Victor, Jackson, 2012, p.14;
Schmalensee, 2012).
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In addition to the UNEP, the OECD has produced documents and strategies to
support the green economy, and in particular green growth. With this term, the
OECD refers to the promotion of an economic growth that knows how to reduce
pollution, greenhouse gas emissions and waste, ensuring that natural assets continue
to provide the resources and environmental services on which our well-being
depends.
The heart of the green growth strategy is to promote the necessary conditions for
innovation, investment and competition that can create a fertile ground for the
emergence of new sources of economic development that are compatible with
resilient ecosystems. Among these conditions the importance of ensuring a stable
framework capable of generating confidence and security for citizens and
businesses, as well as encouraging investment and innovation oriented towards a
more efficient use of resources, is underlined. At the same time, the green growth
would also produce a substantial increase in employment, which, confined to the
low-carbon energy sector, would lead to the creation of 20 million new jobs by 2030
(OECD, 2011).4

3. The green economy for the European Commission
To understand how the challenge of the green economy is seen by the European
Commission, which has made the efficient use of resources one of the flagship
initiatives under the Europe 2020 strategy, we can refer to what was said by the past
European Environment Commissioner Potocnik at the European Innovation Summit,
held in Brussels on September 30th, 2013.
According to the Commissioner, the reason why Europe and the entire globe
need innovation is clear: “the current processes of production and consumption are
not sustainable, we need to change them.” The fact that three billion middle-class
consumers will join Europeans in enjoying a better quality of life is good news for
equitable development, but the world’s resources, some of which are already
degraded, will be subjected to a great deal of pressure.
In this context, the European Union has decided to act within an “opt-in”
perspective, i.e. resource efficiency. According to Potocnik “the Europe 2020
strategy is a strategy of green growth that not only will help us to create a strong
economy in the long term, but also offers concrete business opportunities to exit
from the current crisis and this time, in a sustainable manner.”
He points out what it means to pass from today’s linear economy (where there
are mines, facotries and landfills or disposal processes) to a circular economy, where
the waste recovery industry is able to generate secondary raw material. “It’s about
building a sustainable industry that can thrive for many years to come. It’s also
4

To consider the social dimension of sustainability more extensively, it is necessary to
refer to the report of the World Bank (2011) rather than the documents of the UNEP and
OECD.
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about working with nature, not against it. The key to making sure that this transition
occurs will be the eco-innovative solutions that affect on the way in which resources
flow in the economy and in providing solutions to optimize the use of resources. The
type of innovation that addresses the systems as a whole and look at the value chains
in their entirety. Past experience suggests that the structural change was driven by
waves of innovation that combine technological progress with the movements of
collective perception and behavior. Eco-innovation concerns the identification of the
causes of systemic problems, addressing to them in a coordinated way and moving
towards sustainability. With the aim of improving the performance of an entire
system, rather than focusing on individual components, eco-innovation allows us to
more easily overcome the structural barriers. “
This transition towards the green economy, therefore, requires the collaboration
of all stakeholders: ranging from young generations to businesses, from researchers
to citizen-consumers. Companies must change the way in which they create,
distribute and capture value. This, for example, requires strong collaboration
throughout the supply chain, replacing raw materials with secondary resources or
introducing more efficient and new production processes. The producer-customer
relationship can also change from selling products to selling services related to the
product.
For this to happen, one of the way directly involves the consumer-citizens
considerations about the reduction of the importance of the private property.
Moreover car-sharing, eco-friendly tourism and co-housing are examples of
innovations that enable people to meet their needs with less environmental impact.
Awareness alone will not be sufficient to drive social and structural change or for
the best practices to pass from niche to “mainstream” (the scaling-up approach
advocated in Rio). We need, at all levels of government, policies that provide the
necessary structural conditions to encourage and enable all actors to make more
sustainable choices.
Research will contribute to such transition by facilitating a co-creation of
knowledge within various sectors in order to deal with the needs of society. The real
challenge for the research community is to match its scientific production with
“green marketable solutions” that meet the needs of our citizens.
Moreover, governments have their own role to play. Potocnik says: “As policy
makers, we are a leader and partner in the transition to the green economy. We need
to set the framework conditions to encourage innovation and the stakeholders must
sign them.” There are several actions that governments can take into account to start
the transition.
First, we must build a shared understanding of the challenges of eco-innovation.
“Our European Partnerships for innovation on water and raw materials, for example,
are an effective step in this direction”. Second, we need to develop shared goals and
milestones. The Resource Efficiency Roadmap of the 2011 European Commission
indicates the direction and speed that we need to sustain in order to accomplish the
shift towards an economy and a society that are efficient in resources, and the
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European Resource Efficiency Platform which was created with stakeholders of all
sectors will guide us towards its implementation.
Following Manifesto of 2013, the Platform has made policy recommendations in
the short term. These recommendations should inspire new policies, but also the
voluntary actions of businesses, which consider the efficiency of resources such as
patterns of industrial symbiosis to create markets for industrial by-products,
sustainable supply systems and advice for small and medium-sized businesses to
help them strengthen their resource efficiency. The Resource Efficiency Platform
will now have to look at the long-term perspective.
Third, we must measure progress towards these vision and objectives. The
Commission has proposed that the productivity of resources is used temporarily as
the main indicator to measure if it has internally generated more wealth with fewer
resources.
Fourth, it is necessary to face the barriers to innovation in a concrete way. The
Eco-innovation Action Plan of December 2011 is the foundation of this direction. It
faces regulatory obstacles, lock-in behavior, production systems and short-term
loans. It also offers models for different policies of eco-innovation: public
procurement for innovation, creation of clusters and eco-parks, market replication,
initiatives for the first application, and financing solutions tailored for small and
medium-sized innovative companies.
“The cornerstones of a truly sustainable economy, as described by the Resource
Efficiency Roadmap, have been included in the the 7th Framework Program of
Environmental Action. Here we have established a vision of where we should be
long-term and we have clearly identified the tools that need to be put in place for our
stated goal: to live well within the limits of our planet.”
However, which examples of policies applied within European countries are
consistent with this philosophy and show interesting results?
An example is Ireland, where the government began to tax the use of fossil fuels
in homes, offices, cars and factories to boost the economy of the country and save
on energy sources. Therefore, the more carbon dioxide you produce, the more you
pay. If you do not recycle and if you pollute inappropriately, you are taxed more (the
waste of the Irish, in the past three years, have been systematically monitored and
measured).
This policy measure has led to an increase of 5-10% of the cost of oil, natural gas
and kerosene, bringing the population to a crossroads: on one hand, the possibility of
continuing to pollute, thus squandering wealth in taxes; on the other, making a Uturn towards a greener economy. The Irish have chosen the second option and now
the country is not only overcoming the crisis (a 2% growth since 2012), but it also
enjoys a high level of exploitation of clean energy, with a fall in emission levels of
15% since 2008 and of 6.7% in 2011 alone, the year in which the Irish economy
started to grow again.
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4. The boundaries of the green economy and different modalities of
integration
In the past, the term “green” has been used as an adjective to the left of many
nouns. However, the concept of green economy that we saw earlier take on a more
holistic and systemic meaning: it is not only implemented by institutions to develop
green policies, or by companies to activate only green management strategies, or by
the scientific community to limit the support of the development of green
technologies, or to have only green-oriented consumers, or even to promote green
jobs. The “green economy” implicates the integration of these areas and actors.
The reason why the issues of sustainability has started to assume such a holistic
role today is the combined result of two processes: the typical transition of the
period of crisis that we are experiencing, and the global commitment to fight against
climate change. Both processes, in fact, are able to mobilize very large
commitments.
On one hand, the recent crisis has highlighted the need to rethink the dynamics
of the economic system, thus overcoming a perspective focused on the short term,
the centrality of profit and opportunism in favor of a systemic perspective based on
an increased sustainability of fair and balanced development. This perspective
requires the ability to place the economic, political, social and environmental factors
that have invested our society in a radical way in recent years within an integrated
system whose potential evolution towards improved competitiveness and greater
efficiency can be best addressed only if every element is captured in relation to its
interaction with others.
This systemic interaction is characterized by various types of integration. The
first tp be considered is the integration between economic development and the
ecosystem: the protection and enhancement of the environment in fact is no longer a
constraint, but rather an opportunity. For Italy, this means reviving the strengths of
our production system (vocation manufacturing, quality and creativity orientation,
the international image of the “Made in Italy” brand, flexibility, territorial
productive specialization etc.), thus enhancing the potential of the “green
perspective” to overcome our weaknesses (lack of raw materials, low labor
productivity, reduced ability of research and development, difficulties in operating
as a system, etc.). This opportunity of competitive positioning is strongly based on
the capacity for innovation that our system will express by joining the forces that are
present within the whole economic value chain, and not just on matters of
environmental sustainability.
The green economy tends to emphasize the reorientation of the energy sector
facing up to the challenge of global warming (low-carbon economy) first, but the
perspective pervasively widens to the transition of the economy towards sustainable
development. In this area other cycles, such as water, waste, soil use and
enhancement of the landscape, are of equal relevance to the energy cycle and
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intended to become more important areas of investment and innovation.5 At that
point, the products and services that provide a low environmental impact throughout
all stages of the life cycle become competitive.
In this context, we are witnessing another integration within the supply chain in
which the two-way relationship between manufacturer and customer is replaced by
an open relationship in which the various protagonists of the entire system are
involved. This evolution leads to the concept of shared responsibility: designers,
manufacturers, distributors, end users, but also the institutions and the citizens are
not separate parts of a linear path, but interdependent actors in a dynamic and
complex system of relationships.6
Therefore, the meaning of green economy that has been adopted here not only
focuses on the business opportunities offered by new technological and techniques
solutions in response to emerging scarcity (energy, water, food, abatement of
greenhouse gas emissions), in a perspective that we could briefly define “green
business”, but also in the possibilities related to an evolved economic system in
which the supply of firms is accompanied by a demand that is aware of the
consumers, to the responsible behavior of citizens and to policies made by the
institutions that know how to look at the long term.
In this evolved system the quality of products and processes is tightly integrated
with the crucial issue of labor. The new opportunities for employment and jobs that
the green economy brings with it have both a quantitative value, as demonstrated by
the new jobs generated in countries that promote these innovations, such as
Germany, and a qualitative value, due to the fact that occupation is increasing in
terms of job content, adding green skills to traditional know-how (Symbola, 2012)
or devoting the necessary attention to the rights and safety of workers, something
that cannot be lost, especially if you want to produce for sustainability.
Moreover, these instances of improvement can no longer be considered only
from a local perspective, in which relationships and shared objectives are facilitated
by being members of the same territory, but must be reinterpreted within a global
perspective in which supply chains, markets and institutions take on an international
dimension without losing their specific context. This integration between local and
global is another key component of the green economy for which all the actors
identified above are called to help.
Finally, there is an additional perspective of integration relating to the fact that
5

6

The themes of the protection and enhancement of soil, landscape and ecosystem services
are emerging issues within this context of the green economy that can be of great
importance, especially in a country like ours. It is important in fact to understand how the
resources that are present in the territories in which we live are a key component of
quality of life and economic development that should be part of the policies and strategic
choices of all actors. In this way we can enhance innovations that are closely integrated
with nature and local resources that are consistent with the pattern of the bio-economy
that we will mention in the next paragraph.
The concept of “shared value” developed by Porter and Kramer (2011) is interesting in
this regard.
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with the term “green economy” we refer to a production model that focuses as much
on the product as on the process.
From the point of view of the processes, we have already highlighted the
centrality of orientation in eco-efficiency, both in terms of inputs - or the ability to
use less energy and material for manufacturing the same product - and output, or the
ability to reduce emissions and the production of waste per unit of product.
According to an input-output perspective, “green” production processes can produce
the same or more units of product or added value by using smaller quantities of
material and energy and are able to achieve the same or a greater amount of output
by reducing pressure on the atmosphere, water and soil, and generating a smaller
amount of waste that is not reusable in the production cycle.
From a wider perspective, the issue of efficiency fully enhances products, in
which an approach to their integrated life-cycle, from production to consumption,
becomes essential, even and especially within a logic of major connection between
industrial cycles: it generates flows of material resources and energy in which no
waste should remain unused.
There are many actions that can contribute to this vision of a “green” and “lean”7
economy that range from reducing material, which consists in creating a product
with an optimized amount of materials and energy, to DFD (design for disassembly),
in which objects are built in anticipation of the fact that, to be recycled, they must be
disassembled. For this reason, it is very important to facilitate the tracking and
recognition of materials: many countries have introduced legislation which requires
the marking of components for their immediate identification in the “end of life”
stage. This means, for example, making the effort to analyze, through tools such as
LCA (life cycle assessment), that a green product is associated with lower impact on
the environment throughout the whole life-cycle, from the “cradle” to the “grave”,
and considering all the different impact categories (a wide range of effects that can
be generated on the environment).
The PEF (Product Environmental Footprint) and the OEF (Organisation
Environmental Footprint) are two methods developed by the European Commission
Recommendation 2013/179/EC, as part of the fundamental elements of the flagship
initiative of the Europe 2020 strategy - “Resource efficient Europe”. The European
Commission’s Environmental Footprint is a policy initiative which is aimed to
increase resource productivity and to decuople economic growth from resource use
and environmental impact by taking the concept of life cycle as a basis. One of its
purposes is to “establish a common methodological approach to enable Member
States and the private sector to assess, announce and compare the environmental
performance of products, services and companies on the basis of an overall
assessment of their environmental impact during their life cycle”. Therefore PEF
and OEF are harmonized European methods to support studies on the environmental

7

This concept comes from management literature on total quality and could be translated
as “lean” or “light”, as opposed to the “fat” and “redundant” traditional economy.
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footprint based on the criteria of environmental performance related to the concept
of life cycle.
This means that companies are required to consider all the various resource
flows and emissions associated with a product or an organization in relation to the
supply chain, including all stages ranging from the acquisition of raw materials to
their transformation, distribution, use and end of life processes, as well as all the
environmental impacts, health impact, and risks related to resources and their
associated relevant costs to society.
Similarly, effective policies for the green economy, will focus on the promotion
of excellence but also, and above all, on defining the rules for a really “systemic”
economy that can gradually include all stakeholders. The fact that the challenge is
close to the public interest is demonstrated by the fact that about half of the
greenhouse gas emissions can be attributed, directly or indirectly, to household
consumption. In this sense, it is clear how the evolution of individual behavior has a
tremendous impact on a challenge of this sort.
In this sense it will be crucial to keep the demand and the needs of the consumers
in mind, thus avoiding what is known as “green marketing myopia,” or the tendency
not to consider the trade-off that is always present in the combination of products’
features, “environmental” quality and price, with due importance. The combination
of quality, efficiency and environmental compatibility is one of the key challenges
of a form of green marketing that could be called “strategic”.
The path to the green economy, in fact, is also characterized by the presence of
individuals and companies who attempt to exploit this “trend” by taking the
marketing opportunities that can emerge in the relationship with communication and
media, with the result that the environmental impact is used as a lever to promote the
products/services on the market, support the commercial strategies of a company,
running the risk of generating the so-called green washing (Iraldo, Melis, 2012). The
fact is that not all the interventions that have a positive environmental impact and
generate a profit for those who put them in place may fall under the category of
green economy. With this in mind, choosing whether or not to classify an
intervention or policy as “green” requires paying attention to the aspects of
interaction and the weighing its effects on all the involved components.
In conclusion, the concept and the reference area of the green economy cannot
be that large if one wants to assign to it the strategic relevance of a big “change in
the economic paradigm”. To avoid, however, that this amplitude leads to a dilution
of the meaning, it is equally important to highlight its peculiar characteristics which
are: a strong focus on innovation, actual improvement of performance in an
integrated view of the life cycle and a systemic involvement of the different actors.
The focus on innovation has to be seen within the perspective of graduality, for
nowadays the green economy can probably not be considered as a new technoeconomic paradigm, but as an important trajectory of innovations, the roots of which
have been consolidated in the last decade and whose potential for development that
is decisively emerging have great opportunities. These will be all the more relevant,
the more they will give rise to a logical system in which institutions, companies and
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citizens-consumers generate integrated actions of co-evolution of the economy and
lifestyles within the perspective of sustainability.

5. The measurement problem and policy implications
The transformation induced by the green economy is actually a profound
innovation in the field of economic theory which, except in the limited branch of
“ecological economics”, has always taken little account of the importance of
environmental resources.8 In relation to this, the conscious representation of a green
economy can be traced back to the drafting of the 2006 Stern Report, which
proposed an economic analysis assessesing the environmental and macroeconomic
impact of recent climate changes9, and denouncing its negative weight on the global
GDP.
In fact, the complexity of the transition to a greener economy requires
appropriate indicators both at macroeconomic and sectoral levels. Conventional
indicators such as GDP provide a distorted lens of measurement of economic
performance, mainly because they are not able to represent which activities of
production and consumption are more capable of depleting natural capital. What is
essential is the capacity of promoting innovation within an economic system that is
able to improve the quality, rather than the quantity, of production and consumption.
As previously pointed out, in Rio in 2012, within the Global Compact’s
Corporate Sustainability Forum , to pursue the delicate balance among economic
development, social justice and defense of the ecosystem, financial and market
infrastructures must be reoriented towards sustainability goals and adapted to better
integrate environmental externalities and social considerations into the mainstream
of economic and financial activities. This means that environmental and social costs
must be reflected in prices and in the measurement of economic activity. Moreover,
information on sustainability performance must be available at all levels of
economic activity in order to enable consumers, businesses, investors and
governments to make appropriate choices. At the same time, business models and
financial products need to be developed to allow the flow of capital to go towards
more sustainable investments in an appropriate measure.
Especially in a period of transition characterized by low liquidity, financial
instruments alone are not sufficient.
8

9

Forty years ago the Schumacher of Small is Beautiful wrote: “It is inherent in the
methodology of economics to ignore man’s dependence on the natural world”. (E.F.
Schumacher, 1973, p.46). Since then, economists have progressively increased their focus
on natural resources but did not fully take into account the close connection (and, for
some aspects, of dependence) between human well-being and the services provided by
nature.
For Stern (2007), climate change, despite being only one of the environmental crises that
we face, is the greatest example of market failure.
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The green strategy of OECD highlights, in fact, the need for innovation policies
also on the demand side to help promote a market for eco-innovative technologies.
These include the improvement of public procurement systems and the development
of tools that promote green products and services.
In addition, a central element within the policies should be applied to put a price
on pollution or the over-exploitation of scarce natural resources through mechanisms
such as taxes or tradable permit systems. The mechanisms of taxation tend to reduce
the costs of operations aimed at achieving a certain goal and provide incentives to
further increase efficiency and innovation. Moreover, in the period of tax reforms
and spending reviews, a greater use of environmental taxes could play an important
role in growth-oriented fiscal policies, helping to reduce some of the tax burden on
personal and corporate income, as well as social security contributions. Even the
taxation of energy products and emissions of carbon dioxide could easily be part of a
larger package of fiscal consolidation, offering an attractive alternative to higher
taxes on labor or substantial cuts in public spending.
Obviously, not all situations may be handled with market-based instruments,
which is why the OECD shows how, in some cases, well-crafted legislation, active
policies for technological support and voluntary approaches may be more
appropriate than market instruments or could complement the latter. Moreover, in
many situations, the responsiveness of businesses and consumers to signals sent by
the pricing policy can be enhanced by information measures that highlight the
consequences of environmental damage caused by specific activities, as well as the
availability of cleaner alternatives.
Recently, the European Commission has also adopted policies that are strongly
oriented towards sustainability and the green economy. This is done primarily
through the Europe 2020 strategy, which was launched in 2010 and provides a
framework of objectives for a sustainable, smart and inclusive growth in Europe in
order to meet the current challenges and issues that threaten to undermine the
growth that has been accomplished so far (economic crisis, globalization, pressure
on resources, aging).
With reference to the “sustainability” of growth, Europe 2020 highlights the
need to promote greater efficiency of resource use, decoupling growth from resource
use, by means of action on the following areas:
- competitiveness, aiming to strengthen Europe’s ability to maintain a leadership
position in the market for green technologies;
- the fight against climate change by acting both in terms of mitigation, reducing
greenhouse gas emissions and adaptation by increasing resilience to “climate
risk”;
- the production of clean energy, reducing dependence on fossil fuels, with
associated benefits in terms of security of supply as well as increase in jobs
related to the sectors of renewable energy and energy efficiency.
The adoption of the Directive on energy efficiency has been considerable, with a
Commission that is dedicated and committed to continuing its support of the
identified objectives both at a community level and by individual member states.
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The Energy Efficiency Directive adopts legally binding measures to step up member
states’ efforts to use energy more efficiently at all stages of the energy chain - from
the transformation of energy to its distribution and final consumption. It also
requires Member States to set national indicative targets for 2020.
Looking ahead to the EC, eco-innovation should also include a set of policies
designed to encourage different styles of production and consumption. Among these
policies we can find the “shift taxation from labor to pollution,” aimed at eliminating
subsidies that are harmful for the environment, focusing on eco-design and
environmental labels and appropriately taxing the consumption of resources such as
water.
Finally, in February 2012, the EC adopted a strategy on the bio-economy, i.e. an
economy that is based on biological resources from the land and sea, as well as from
waste, which act as fuel for industrial production, energy and food and feed. The
Commission has provided directions so that the European economy is based on a
proper management of the cycle of the biological resources (production,
consumption, processing, storage, recycling and disposal) within a smart growth that
is able to face the rapid depletion of biological resources necessary to produce safe
and wholesome food and feed but also materials, energy and other products. This
strategy includes an action plan whose aim is to create a more innovative society and
a low emissions economy, reconciling the need for sustainable farming and fishing
and food security with the sustainable use of renewable bio-resources for industrial
purposes, while protecting biodiversity and the environment.
And what about Italy? Our country, as is well known in the field of
environmental policies, depends strongly on the European Commission, sometimes
not acknowledging the policies that have been decided upon in Brussels.
In relation to climate change, Italy has made important commitments both in the
Kyoto Protocol and in the European 20-20-20 Package. Despite some delay and
more internal resistance than other European partners, the emissions of greenhouse
gases have been gradually declining since 2005. Due to the economic situation, the
development of renewable energy sources and energy efficiency measures,
greenhouse gas emissions will most likely go down again in 2013. Therefore, we
should not be so far from achieving the overall objective of the Kyoto Protocol,
which was calculated on the average emissions of the 2008-2012 period. The
economic crisis certainly contributed to this result, but a key role was also played by
the policies of promotion of efficiency and renewable sources, which, starting from
2005, strongly accelerated in Italy, although with an incentive system that has been
often debated.
What we are missing is a broader strategy on the efficient use of resources that
can involve over energy, policies in the field of materials management (do not
forget, for example, that many of our secondary raw materials are exported today),
water (whose waste in our country is absolutely disturbing), land use, biodiversity.
These long-term strategies especially call industrial policies into question: ours is a
country that has lost the ability to build its own future and remains more competitive
for its initiative and individual creativity than for its structured capacity of planning.
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6. Companies’ attitude
To get a picture of the current attitude of companies, we can refer to a study by
Accenture on how company leaders of the companies now see the challenge of
sustainability presented at the Global Compact Leaders Summit in September 2013.
67% of surveyed CEOs at an international level (belonging to 103 countries and 27
sectors) believe that the world is on the wrong path in terms of the balance between
population growth and the scarcity of available resources, and that companies are
not doing enough to face global sustainability challenges.
93% of the 1,000 surveyed CEOs confirmed that environmental and social issues
are important for the future of their business. Another 78% see sustainable practices
as the road to growth and innovation, while 79% believe that their implementation
can be a competitive advantage in its sector. Not surprisingly, the majority agrees
that more incentives from governments may be effective to force more reluctant
companies into action.
The survey suggests that companies are seeking the help of governments to
advance the sustainability agenda. In fact, 85% expect a clearer policy on the
subject, as well as positive signals from a market that has proven to be ready for a
change. 55% in fact await the issue of urgent measures to regulate green growth and
43% hope to get subsidies and government incentives.
In other words, 84% of the managers, despite believing that companies should be
at the forefront of the pursuit of social and environmental sustainability, complain of
how a sort of plateau has been reached and how there has been no progress since the
previous survey in 2010. The study is carried out every three years and is now at its
third version. In 2007, business leaders were engaged in aligning business strategies,
operations and supply chains to the challenges of sustainability, while in 2010 the
beginning of a new era in which sustainability was introduced as a key element for
the development of enterprises in markets and society emerged.
Today, the achievement of a partial point of arrival (which also generates
frustration in many CEOs) and the need for a boost so that the business system may
continue on its path, have been reported.
Over 50% of the interviewees point to the lack of financial resources, partly due
to the economic crisis (40% of them), and the ambivalence of customers about the
topic among the causes of this downturn. While CEOs admit that companies
themselves have made little progress in convincing consumers that sustainability is a
“must”, almost half of them believe that sustainability will always be considered
secondary to factors such as price, quality and availability to consumers.
For almost two-thirds of the respondents another cause which has prevented the
development of a green perspective consisted in the impossibility to accurately
quantify the business value of sustainability.
52% of those respondents consider the interest of investors determining for
investment in sustainable practices.
According to the study, in order to implement a large-scale transformation,
companies should change their strategies with both consumers and investors.
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Instead, they are obsessed with convincing consumers about sustainability and
should instead provide them with sustainable products and services at affordable
prices, rather than showing the investors the savings that have been achieved thanks
to sustainability, proof of the positive business value that may be generated by
sustainability.
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Abstract
Purpose of the paper. The paper is aimed to analyze the importance of water reuse within
a strategy of integrated management of water resources.
Using an integrated systemic approach, related to water resource management, the role
of water in the set of relations which constitute a valuable source for the Mediterranean
countries will be analyzed.
Methodology. An integrated water resource management approach and key economic,
regulatory, social and technical factors that help to make water reuse projects successful will
be reviewed.
Findings. At the Mediterranean regions the management of water appears to be complex,
due to inhomogeneity of water availability. This should prompt to rethink the means of
intervention in these countries, considering structural investments in order to ensure a fair
exploitation of water resources.
Research limits. The paper is based on the data of the survey conducted by AMCOM.
Managerial and social implications. The article aims to demonstrate how a correct
management of water resources, have a positive impact on the socio-economic aspects of the
area.
Originality of the paper. This article will analyze the current state of water management
in South Africa after twenty years of applying the IWRM model.
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1. Introduction
One of the key factors of economic and social development is water, which has
also a basic function in maintaining the integrity of the natural environment. This
should not lead to consider the management of water resources separately from the
others; on the contrary, the approach to this consideration should be systematic, so
we could generate value from the interaction of the elements researched.
The situation of the Mediterranean countries is particularly critical because they
have a supply of renewable water distributed in an extremely heterogeneous way. In
this region, the scarcity of physical water is an important (critical) issue, and
consequently the management of water resources is of great relevance in order to
achieve sustainable development. A sustainable approach of water resources
management should derive mainly from policy-makers directives, which could
ensure that the actual requirements for drinking water, irrigation water, water for
industrial use, as well as the continuity of biotopes are fulfilled without constraining
the achievement of the very same objective over time. It is based on responsible,
effective, as well as efficient water consumption, strongly related to traditional local
knowledge and techniques, as well as modern technologies and political approaches
targeted at different scales of time and space.
In most Mediterranean countries, the main problem is not only the scarcity of
water in terms of average per capita, but also the high cost of making water available
at the right place, at the right time and with the required quality. In addition to water
scarcity, the wide enough range of technologies that now exist to purify this
wastewater to acceptable levels, increased the chances of wastewater to be
reclassified as a renewable water resource rather than waste (Asano et al., 1996;
Kalbermatten Associates, Inc., 1999).
Various strategies have been developed over the years in response to the growing
water demand, such as building infrastructures to transport water to deficient areas.
Due to the fact that such projects require a great amount of time and money,
alternative solutions are being proposed, such as desalinating seawater or brackish
water, water reuse and water conservation measures using water-efficient
technologies such as drip irrigation and low-volume flush systems. Discussing
alternatives, it is important to examine not only technical solutions but also socioeconomic issues such as willingness to pay, public perceptions, risk analysis,
assessment of monetary and non monetary benefits, as well as the environmental
impacts.
Nevertheless the solutions proposed, wastewater utilization continues to be a
considerable alternative with significant development potential but still underused,
despite the water scarcity and the strong demand for water supply augmentation.
Analyzing these premises, in these countries, more than anywhere else, an
integrated approach for water resources management including wastewater
reclamation and reuse locally is required. As a result, and following a general
increase in wastewater treatment, wastewater reclamation and reuse is expected to
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increase sharply in the Mediterranean basin and become an important aspect of
integrated water resources management.
Within the paper is utilized as the basis of investigation the Integrated Water
Resource Management (IWRM) model; This is a process which promotes the
coordinated development and management of water, land and related resources in
order to maximize economic and social welfare in an equitable manner without
compromising the sustainability of vital ecosystems and the environment. This
model has been accepted internationally as the way forward for an effective,
equitable and sustainable development and management of limited water resources
worldwide and to the face of conflicting demands. Integrated water resources
management has been one of the principles of international water management since
the 1970s (United Nations Water Conference, Mar del Plata, Argentina, 1977).
Through the IWRM will be proposed an analysis about the state of water
resources management in the Mediterranean countries.

2. Methods: integrated water resources management approach
The decision-making process about water management should necessarily
recognize the importance of addressing the multi-faceted nature of the planning
related to water resources and the decision-making for water use in varied contexts
in order to meet diverse needs.
The integrated management of water resources (IWRM) is a management
method based on a holistic and collaborative approach in order to manage uncertaint
and complex situations and to satisfy varied water purposes, having multiple
benefits, thus increasing the interest in concepts, tools, and resources for systembased approaches. The systematization of the issues makes it easier to address the
complexity arising from multiple factors that influence water management such as
increasing demands for water, climate change, aging infrastructure, population
growth, land use changes and evolving demands (Najjar & Collier, 2011).
The Global Water Partnership (2000) defines the IWRM as a “process which
promotes the coordinated development and management of water, land and related
resources in order to maximize economic and social welfare in an equitable manner
without compromising the sustainability of vital ecosystems”. It is defined also as “a
process that strives to balance regional economic growth while achieving wise
environmental stewardship” (Bourget, 2006).
A key objective of IWRM is to foster a shared vision of the current challenges
and a common desired future, i.e., an improved standard of life quality for people,
alleviation of poverty, conservation of the environment, and equitably distributed
resources in a socially acceptable and economically efficient manner.
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Box 1: Main variables considered in the IWRM model

The following variables expands on common IWRM themes and attributes:
 Multidimensionality - the willingness to tackle water resources as a problem shed of
temporal, spatial, environmental and institutional dimensions; to bring multiple
stakeholders together; to consider multiple goals and objectives; to treat multiple water
purposes; to seek multiple benefits from decisions and interventions made in relation to
water resources . This suggests that tackling a water problem or an opportunity must take
as many factors into account as are required through a comprehensive approach so as to
understand all the key issues with all of the main stakeholders with all of the resources
available to take action. Effective action requires defining the problem shed as a whole
system.
 A Holistic System Approach - taking a perspective that examines the whole-a whole
system of variables and their interactions and impacts. Variables may include threats and
opportunities, stakeholders, resources, goals and objectives, historical precedents, cultural
factors, best management practices and impacts of water resources decisions and
interventions. Natural systems are defined as entire river basins, watersheds and coastal
zones. This allows the application of theories, processes and models now available to
describe, analyze and manage whole systems.
 Sustainability Goals - an appreciation for preserving natural and man-made resources to
sustain the environment, economy, quality of life for current and future water uses and
users, as well as public safety and security standards. This shifts the focus of outcomes to
long-lasting benefits that conserve water and related resources for future use.
 Working at a Watershed Scale - the advantage of taking a broader geographic view to
identify the many factors, actors, issues and opportunities that characterize the
development and management of water resources within an area defined by natural
watershed boundaries. A system’s perspective is naturally afforded through defining the
problem shed in the context of a geospatially-defined hydrologic system: a watershed, river
basin or coastal zone.
 Collaborative and Participatory Approaches - the practicality and the benefits of using
deliberate and deliberative processes to incorporate the views of diverse stakeholders and
multiple objectives across multiple agencies and levels of government and multiple water
uses (purposes) to join/share resources and to align aims and efforts. This acknowledges
the advantages of using accepted methods and processes to bring people together to
collaborate and to strive deliberatively toward mutually-agreeable plans and actions.

Source: U. S. Army Corps of Engineers, 2014, p. 2.

Beginning with the implementation of an analysis about global renewable water
resources, recent studies have shown a general increase in wastewater treatment
(Ducan, 2004; Judd, 2006; Spellman, 2013), wastewater recovery and re-use
expected to improve significantly in the Mediterranean basin and become an
important aspect of the integrated management of water resources, but there is still a
lot to do.
This situation is caused by several factors such as demographic and climate
changes, which is further increasing the stress on water resources. The traditional
piecemeal approach is no longer viable and the need to implement an holistic
approach to the management of water resources is essential.
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In recent years, one of the primary objectives, as mentioned above, has been to
promote the adoption of integrated water resources management (IWRM) strategies,
trying to find a balance between the needs of different users meeting their water
needs and ensure that water resources are not irreversibly depleted.
According to what has been said, the UN summarized in the following diagram
the stages of design and development for the implementation of IWRM Objectives.
Fig. 1: Stages in IWRM planning and implementation

Source: UN-Water, Roadmapping for Advancing Integrated Water Resources Management
(IWRM) Processes, GWP. 2007, p. 3.

This cycle includes four iterative phases as elaborated by the Global Water
Partnership Technical Committee (UNESCO-IHP, WWAP & NARBO, 2009, p.
53):
Phase I - Assess the current situation, recognize problems, build governmental
and public awareness, generate the incentives and capacity for action.
Recognize and identify problems, threats, opportunities, and needs.
Phase II - Assess problems and identify potential solutions. Conceptualize at a
broad scale so as to include all relevant participants and variables.
Phase III - Evaluate options in order to identify a plan. Coordinate and plan in
detail.
Phase IV - Implement IWRM actions, monitor, and evaluate the results so as to
start the cycle (plan) again with forethought and hindsight generated by
evaluation and feedback.
It seems clear that the success of IWRM depends to a large extent by the
institutional context in which the process takes place, both at the international and
national levels. Furthermore, ethical and political considerations play a crucial role
in shaping government’s approach to water resources.
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The application of IWRM varies, depending on the application context, as
differences in the social, economic, political as well as geographical situation will
require different, tailored, approaches. As a consequence, it is not possible to draw a
uniform map of institutional roles and responsibilities, to serve as guidelines for
adapting and improving local institutional settings for efficient IWRM, this
especially in North Africa.
2.1 Issues
The Dublin Conference was expected to formulate sustainable water policies and
an action program to be considered by UNCED1. The conference reports set out the
recommendations for action at local, national, and
International levels, based on the following five guiding principles2 (ICWE,
1992):
1) Fresh water is a finite and vulnerable resource, essential to sustain life,
development and the environment;
2) Water development and management should be based on a participatory
approach, involving users, planners and policy-makers at all levels;
3) Women play a central part in the provision, management and safeguarding of
water;
4) Social and economic value of water;
5) Integrated water resources management is based on the equitable and efficient
management and sustainable use of water.
The first principle, which focuses on fresh water as a resource in limited supply,
implies the need to adopt of a comprehensive approach to planning and
management, able to consider the water cycle as a whole along with its interactions
with other natural resources and ecosystems. The approach which IWRM promotes
is the full coordination of different human activities exploiting water, with economic
and development policies that take into account the hydrological cycle and
ecological water needs.
The second principle of IWRM promotes a participatory approach to water
policies, where the interested of all different parties are considered and, whenever
possible, integrated. There are different levels of public participation and, according
to the principles of IWRM, in this case interested parties should not only have a
consultative role, but take active part in the process of defining water management
policies and implementation strategies. IWRM thus calls for the establishment of
new institutions and exchange platforms and mechanisms which can facilitate the
active participation of interested parties, at all levels of governance.
1

2

The United Nations Conference on Environment and Development (UNCED), also
known as the Earth Summit, took place in Rio de Janeiro, Brazil, from June 2-14, 1992.
ICWE, International Conference on Water and Environment. 1992. The Dublin Statement
on
Water
and
Sustainable
Development.
http://www.unesco.org/science/waterday2000/dublin.htm. Mar 12, 2014.
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The third principle refers to Women’s role in water management which provides
for their full integration in policy making processes. Women are not often allowed to
have an active role, because of gender disparities, yet their role is fundamental for
the realization of sustainable policies.
The fourth principle of IWRM considers the management of water as an
economic resource in opposition to the principle that water - and the renewable
natural resources - can be freely usable because they are present in endless amounts.
The perception of water as a limitless need to be changed through the adoption
of economics tools which can alter the behavior of consumers, encouraging water
conservation and its sustainable use.
The fifth principle of the integrated management of water resources is based on
the fair and efficient management and sustainable use of water resources. It
recognizes that water is an integral part of the ecosystem, a natural resource, and a
social and economic good, whose quantity and quality determine the nature of its
utilization.
The Integrated Water Resource Management adopts some principles of
ecological sciences in terms of system approaches and technical and analytical tools
to tackle water management problems. It is within this framework that information
system tools are acquiring increasing importance, both in shaping policy making
processes and in providing an exchange platform to facilitate interactions among
different interested parties.
2.2 Policies and strategies related to water resources
According to the bank policy on integrated management of water resources,
there are two basic principles and one central objective as follows (AfDb, 2000, p.
21):
- The basic principles are that water should be treated as an economic, social and
environmental good, and; policies and options that guide water resources
management should be analyzed within an integrated framework;
- Its central objective is to promote efficient, equitable, and sustainable
development through integrated water resources management.
These basic principles and the central objective of the policy should guide the
development, management and allocation of water resources in Regional Members
Countries. In accordance with the policy principles and to attain the stated objective,
a number of strategies have been elaborated. These strategies apply to or stem from
the economic, social, and environmental spheres of influence, or to the technical
infrastructure and institutional framework.
The national policies are of fundamental importance because they provide the
framework for legislation, strategic planning and operational management. The
development and updating of national water policies based on IWRM principles is
therefore of critical importance and should be high on the agenda of each
government. Policy is the distillation of the current political, economic, social,
environmental and technological perspectives in a country. Such perspectives are
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always changing; therefore, policy should be dynamic and flexible in the medium
term in order to adapt to new situations, and should be revised and updated
regularly. Despite the need for flexibility, Policy must provide a firm basis for water
resources planning, development and management. Other aspects that should be
given important consideration in national policy development are the response
strategies in emergency situations arising from natural or man-made disasters such
as flooding, drought, earthquake etc. National water policies should provide for
institutional mechanisms for the mitigation of such disasters when they occur or to
take preventive measures to lessen their impact.
2.3 Implementation and action plan
Integrated water resources management (IWRM) is practical and feasible. In
order to achieve a proper functioning of the model, we need a planning of activities
through pilot actions.
The planning should not be done in isolation but through practical action and
learning. In order to achieve a real implementation of the model, it is necessary to
develop and fund a number of river basins / demonstration projects that are going to
put the IWRM principles into action.
Another aspect that should be considered is that of working in an adaptive way
to deliver results on the ground and use the lessons to improve policies and plans
with key stakeholders.
To this end, the implementation of IWRM requires that water management must
be coordinated between the levels to facilitate the construction of the consensus.
Create platforms for stakeholders to come together to agree on a transparent and
define the rights and duties and ensure that the institutions are accountable to their
commitments, while the decision-making process integrates the realities of the
political process.
The implementation of IWRM funding must be sustainable; must use the concept
of cost-benefit products. A useful tool would be to develop incentives that reward
those who manage watersheds with a high degree of sustainability.
2.4 Monitoring and evaluation of progress
In recent years, has become increasingly important the monitoring of the
activities of the Millennium Development Goals (MDGs), adopted at the
Millennium Summit in New York in 20003, both at national and global levels.
Through measuring the performance and impact of the feasible programs, it is
3

The Millennium Summit was a meeting among many world leaders lasting three days
from 6 September[1] to 8 September 2000 at the United Nations headquarters in New
York City. Its purpose was to discuss the role of the United Nations at the turn of the 21st
century.At this meeting, world leaders ratified the United Nations Millennium
Declaration.

BERNARDINO QUATTROCIOCCHI - LUCA PASQUALINO - FRANCESCO MERCURI

93

possible to track the actual implementation of initiatives to promote and the
integration of various activities into the overall development frameworks.
The monitoring activity is aimed to provide regular feedback in order to
guarantee coherence, efficiency and effectiveness against the underlying objectives
set at national and international levels. The achievement of these objectives will
therefore not only stimulate support to the initiatives being implemented, but also
improve the formulation of the subsequent programmes, through a “learning circle”
informed by the lessons drawn from previous and ongoing activities. Appropriate
monitoring activities, which will ensure the achievement of objectives through a
programmatic approach that align and adjust the programs according to the
circumstances, will be implemented.
Many institutions and organizations invest considerable efforts in monitoring
water and water-related MDGs.
Efforts are needed to streamline existing initiatives, reduce overlaps, enhance
coordination along partners and identify gaps for further action in water monitoring
(UN Water, 2006).
As reported by the UN "goods and services provided by water play a central role
in the achievement of the (MDGs)" (UN-Water, 2007).
Application of these activities within the IWRM model, were recorded in 2002
with the World Summit on Sustainable Development - WSSD - (U.N., 2002), in
Johannesburg. At this meeting, 193 countries agreed on a strategy of efficient water
management through the IWRM model, implementing development plans at both
national and regional levels.
The first report about the study of the model after the Johannesburg conference
was submitted by UN-Water (2008) to investigate the status of implementation of
the IWRM globally.
Subsequently AMCOW (2012), supported by the EU Water Initiative Africa
Working Group, commissioned an analysis to investigate the progress that has been
made in Africa as a basis for future management actions, in order to promote more
sustainable development and management of freshwater resources.

3. Discussion: Integrated management of water resources, the
importance of water reuse in the Mediterranean area
In the Mediterranean countries, wastewater is becoming a preferred
unconventional source of water (Mubarak, 1998; Haruvy, 1998; Otterphol et al.,
1999; Angelakis et al., 1999; Bahri, 1999; Hussain and Al-Saati, 1999; Pearce,
2008), whose supply is increasing, due to population growth and it’s relatively low
cost. Water resources are mostly renewable, yet their availability can rapidly
decrease with overexploitation; some publications by international organizations
have confirmed how water scarcity is increasing and several studies have identified
water scarcity as a serious issue in arid and semiarid areas (Raskin et al., 1998;
Gleick, 2000; World Bank, 2012; Who/Unicef, 2012).
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Wastewater reuse is becoming therefore a reliable alternative resource, from
which it is possible to implement a water resource management based on an holistic
approach: integrated water management. Through this, this approach addresses both
ends of the process: water demand and supply, wastewater disposal and
environmental protection. These two aspects of water management are regarded as
complementary, interacting strands for progress towards more sustainable
development. (Lazarova et al., 2001). As far as the Mediterranean regions, which
are mostly arid and semi-arid regions and where current fresh water reserves are at a
critical limit, the recycling of wastewater acquires a great importance, also in
function of population growth and the relative water demand.
The implementation of IWRM in the Mediterranean area needs to deal with
additional constraints, as water management strategies need to ensure the equitable
distribution of resources, both within and between countries, at the same time taking
into account the peculiarities of socio-economic and environmental aspects of the
area. In particular, governing institutions will need to ensure that both urban and
rural population have access to safe drinking water and sanitation services,
considering environmental constraints, but not compromising the economic
development.
In the countries where it is possible to highlight a scarcity water context,
solutions to be taken may be referred as following:
- developing any undeveloped water resource, including desalination of brackish
or sea water;
- waste water treatment and reuse;
- inter-basin transfer;
- more efficient irrigation systems;
- minimizing water leakage;
- application of adequate charges for water;
- importing water from neighboring countries.
The reuse of wastewater and its treatment modalities have certainly an important
role, but at the same time, it is necessary to focus on the efficiency of water use and
the reduction of waste and losses in the distribution systems, as processes that do not
involve wasteful investments.
3.1 The state of the application of the IWRM model in North Africa
In this section we will analyze the current status regarding the integrated
management of water resources in North Africa.
According to a survey conducted by Amcow (2012, p. 11) the North Africa
reports the greatest progress on the implementation of the national and federal water
law. In fact, 60 percent of the states of North Africa have fully implemented the
legislation on water.
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Fig. 2: National/Federal Water Law: the current status of the main water law by subregion
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Despite the legislation of the countries of North Africa that has implemented
significant reforms concerning the manner of use of water, the results of the actual
increase of usable water are still not relevant.
In order to complete the reforms on the regulation of water in North Africa and
to accelerate the creation of a favorable environment for an integrated approach to
water resources management, it would be appropriate to consider the following
points:
- identify the barriers to legal and political reform in the countries lagging behind,
especially those from difficult historical contexts;
- enhance political will for water reforms by conceiving and implementing
specific programmes on information, sensitization, and advocacy to target
decision markers;
- promote integration of water management across sectors;
- establish the survey as a monitoring instrument for Africa.
Regarding the strengthening of the institutional frameworks for water
management, it is necessary to include the participation of key stakeholders at the
table of decision as farmers, industries and most disadvantaged populations.
The basic principle of the model IWRM is that the water resource must be
managed from the lowest institutional level. Moreover, it promotes an integrated
approach, necessary to account for the different interests and to improve efficiency
in investment decision. However, as you can see in the chart below, not all countries
in North Africa have implemented mechanisms for the management of water
resources in cross-sector.
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Fig. 3: Mechanism established for cross sector management water resources
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The model will be able to function properly, only when all stakeholders will
have the opportunity to express their needs.
Another aspect to secure relief and needs to be considered, concerns the
monitoring of water resources at the regional level, as it is possible to see from the
table below.
Fig. 4: Status of monitoring systems for water quality at a sub-regional level
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Source: Amcow (2012), p. 25
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As can be seen from the previous table, eighty percent of the nations of North
Africa have introduced monitoring systems at the regional level, finding an
advanced implementation in most of these countries.
3.2 Focus on the socio-economic and environmental aspects
Implementing the above analysis, it is necessary to analyze how an improved
water management influences the socio-economic development of the African
countries, focusing on MENA (Middle East North Africa) regions.
The next figures show the degree of impact that water management has had over
the last 20 years in the African sub-region.
Fig. 5: Impact of improved water resource management on social development
objective in the past 20 years, by sub-regions.
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Figure n. 5 clearly shows that North Africa carryovers higher values than the
average across the continent, which seems in line with the development policies
adopted (as shown previously with regard to social, economic and environmental
data).
Over the past 20 years, the economic development of North Africa stands at
excellent values, which means that the application of the IWRM model has been
driving significant results.
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Fig. n. 6: Impact of improved water resource management on economic development
objective in the past 20 years, by sub-regions
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The previous table shows that eighty percent of the North African countries have
achieved, over the past twenty years, a medium-high economic impact.
It is also necessary, in order to correct socio-economic analysis, considering the
environmental impact that proper water management has on the environment in
which it is implemented.
In the next figure the impact of a proper water management in each African subregion, considering the last twenty years, will be represented.
Fig. 7: Impact of improved water resource management on environment development
objective in the past 20 years, by sub-regions
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In this case, the environment development objective in North Africa shows a
lower percentage compared to the other sub-regions of the continent, as opposed to
the impact produced related to socio-economic aspects.

4. Conclusions
A clear imbalance between the water resources and the growing global pollution
in the African continent makes the integrated water management a necessity. Water
has always played a key role to economic development.
The African continent, by not applying a real policy of water management, has
always demonstrated difficulties in socio-economic development but, as
demonstrated in this paper, after twenty years of applying the IWRM model is
possible to see growing improvements.
As it has been highlighted from the analysis of the data provided within the
paper, a proper management of the water resources initiates from a careful planning
legislation, both in national and regional level, involving always the stakeholders of
the interested sectors.
In order to achieve high levels of efficiency within a water management strategy,
it is considered appropriate to develop water reuse systems such as constructed
wetlands or desalination, that as recently highlighted by many studies on this issue
(Witters et al. 2011, Zhang, 2010), have been shown to be an important alternative.
The efforts that must be supported in order to achieve a proper water
management in North Africa, can be traced back to the development of efficient
tools for a complete planning and monitoring, through which the Integrated Water
Management model (IWRM) will develop its full potential in order to achieving
goals. For this purpose, particular attention should be geared also to a proper
financial planning and adequate economic analysis, taking into reference all the
benefits that derive from the model.
The ability to be accessed equitably and rationally by all African countries, water
resources should constitute a benefit both in local and global level, because the
water resources must not be considerable a privilege for the few.
Concluding, it can be stated that if the nations of North Africa will continue to
apply in a timely manner the pattern of integrated water management, there will be
an increasing opportunity to achieve the goals set from the Africa Water Vision
2025.
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Exploring cost drivers for wastewater utilities:
an empirical analysis
ANDREA GUERRINI* GIULIA ROMANO**

Abstract
Objectives of the paper: This paper investigates the potential presence of economies of
scale, scope, and population density, as well as the effect of other operational variables, on
three key cost items for wastewater utilities: sewage transportation, sewage treatment, and
customer handling.
Methodology: The research is based on a panel dataset, including three-year data for 85
Danish wastewater utilities; for the data analysis, three general panel data regression models
were adopted under two different assumptions: fixed and random effects.
Findings: The paper demonstrates the presence of economies of density and scope, while
the impacts of size and other operational variables were not statistically relevant.
Research limits: The study analyses a single European country during a three-year
period. Although Denmark provides an appealing setting in which cost drivers for wastewater
utilities can be compared as it is characterized by the presence of companies of different sizes
and with different strategies, cross-country studies are still needed to improve the
generalization of the research findings.
Practical implications: National water authorities should include environmental
variables such as population density in the benchmarking model adopted for tariff setting.
Firms could then pursue policies of mergers and acquisitions regarding other wastewater
utilities operating in high density areas. Furthermore, they could promote the installation of
mini treatment plants in rural and isolated areas, thus reducing or eliminating the cost for
wastewater transportation, which is the variable most affected by density. Finally, a vertical
integration strategy must be pursued, since this reduces transportation costs via the joint
provision of water and wastewater services and lightens the burden of the administrative
area.
Originality of the paper: The paper investigates and discusses the important but still
under-investigated issue of cost drivers for wastewater utilities.
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1.

EXPLORING COST DRIVERS FOR WASTEWATER UTILITIES: AN EMPIRICAL ANALYSIS

Measuring the efficiency of water and wastewater services

The efficiency of water and wastewater utilities is a much debated issue, whose
relevance is recognised among both scholars and practitioners: cost savings in water
provision and wastewater transportation and treatment could allow for lower tariffs
or improvements in investments and service quality. Furthermore, a frequent lack of
financial resources means that water and wastewater utilities need to be able to
achieve adequate performance: with the current economic crisis affecting EU
countries the only alternative to cutting public services or raising tariffs and taxes
seems to be cost reduction.
Prior literature has observed in depth the effects on the efficiency of water and
wastewater utilities of certain variables, specifically: ownership, scale of operations,
vertical integration strategy (scope of operations), and customer density.
The results of privatization in the water industry are conflicting in terms of
economic efficiency and profitability (Bakker 2003; García-Sanchez 2006; Lobina
and Hall 2007; Carrozza 2011), as well as in investment and financial structure
(Shaoul 1997; Vinnari and Hukka 2007; Romano et al., 2013). Two studies, for
example, have demonstrated that private utilities outperformed public companies in
their use of certain factors of production, such as labour (Picazo-Tadeo et al., 2009a;
Picazo-Tadeo et al., 2009b). A significant group of scholars reported that ownership
structure did not influence performance (Byrnes et al., 1986; García Sánchez 2006;
Kirkpatrick et al., 2006; Seroa da Motta and Moreira 2006). Recently, Guerrini and
Romano (2014) showed that mixed and privately owned firms perform better than
public ones, but only when combining the effects generated by the scale of
operations and the capability to purchase, mix and consume resources.
Most studies have confirmed the presence of economies of scale in the water
industry (e.g. Carvalho and Marques 2014; Guerrini et al., 2011; Shih et al., 2006),
while several others have highlighted diseconomies of scale in various countries
(e.g. Aida et al., 1998; Alsharif et al., 2008; Antonioli and Filippini, 2001;
Bhattacharyya et al., 1995; Ford and Warford 1969; Mizutani and Urukami 2001;
Saal and Parker 2000; Saal et al., 2007). Many researchers have suggested that only
small- and medium-sized firms can improve efficiency by expanding, whereas for
big firms expansion does not always produce benefits and sometimes, it even causes
diseconomies (De Witte and Marques 2011; Filippini et al., 2008; Kim and Clark
1988; Marques and De Witte 2011; Martins et al., 2006; Torres and Morrison-Paul
2006). Guerrini et al., (2013) and Guerrini and Romano (2014) have demonstrated
that economies appear in firms with operating revenues of more than 60 million
Euros; under this threshold, all firms register a loss of efficiency. However, most
studies have focused on entities involved in only water supply or water supply as
well as wastewater activities (e.g., Ashton, 2000; Romano and Guerrini, 2011); the
wastewater industry alone has received less research attention. This probably
justifies the current consensus on the presence of economies of scale, although there
is no agreement regarding the threshold beyond which they arise (Abbott and
Cohen, 2010). Knapp (1978), studying entities in the United Kingdom, found scale
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economies of up to 16.6 million cubic meter per year. Similarly, Rossi et al., (1979)
confirmed the possibility of achieving scale economies through an increase in size of
firms. For Italy, Fraquelli and Giandrone (2003) found scope economies resulting
from vertical integration and strong economies of scale in smaller structures.
However, there is a lack of consensus regarding the existence of economies of
scope (González-Gómez and García-Rubio 2008; Guerrini et al., 2011). The vast
majority of existing research pertains to vertical integration within the water
industry value chain (i.e. production and distribution, water and wastewater, and
water and sewage). Vertically integrated water utilities are the most common, and
hence most researched, model in many countries because water supply services are
mainly managed locally, ensuring that production plants and the distribution
network are in close proximity. Multiple water suppliers in the same distribution
network may create problems in terms of compatibility of water treatments, origin of
water in the network, or liability in the case of sanitary problems (Garcia et al.,
2007). Economies of vertical integration are found to exist if a single firm is able to
produce the complementary products of an industry’s successive production stages
more efficiently than several different firms would (Garcia et al., 2007). While there
is considerable evidence that scope economies exist for water production and
distribution (Saal et al., 2013), results from studies on the joint provision of water
and wastewater services differ. In particular, studies focused mainly on the United
Kingdom and Portugal (for references, see Guerrini et al., 2013; Saal et al., 2013)
have revealed contrasting results. Lynk (1993) and Hunt and Lynk (1995)
highlighted economies of scope, while more recent studies (Saal and Parker 2000;
Stone and Webster 2004) have underlined the existence of diseconomies of scope.
Similarly, as regards to Portugal, Martins et al., (2006) and Carvalho and Marques
(2013) described economies of scope, while Correia and Marques (2011) and
Marques and De Witte (2011) showed diseconomies of scope. Moreover, Carvalho
and Marques (2011) showed that the simultaneous provision of water supply and
wastewater services hinders performance, compared with the sole provision of
water. However, they observed a further type of scope economies in Portugal, where
the joint provision of water supply, wastewater, and urban waste services has a
positive influence. On the other hand, using Wisconsin data, Garcia et al., (2007)
showed that the separation of production and distribution stages might lead to cost
savings, although an exception was made for the smallest services.
Finally, a relevant body of literature addresses economies of density (Caves et
al., 1981). In the water industry, economies of density exist when unit costs decrease
with greater population density or with an increase in water provided per kilometre
of mains, because the costs of the infrastructure required to provide the service are
lowered. That is, water utilities have significant economies of both customer and
output density. Fabbri and Fraquelli (2000) found that greater customer density leads
to cost savings: an effect confirmed by Antonioli and Fillipini (2001), Guerrini et
al., (2013) and Guerrini and Romano (2014).
Applying Data Envelopment Analysis (DEA) to 2010 data, Guerrini et al.,
(2014) provided evidence of economies of density in Danish wastewater utilities:
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firms that served more than 100 inhabitants per km of sewers achieved the best
standards of global efficiency and showed a good capability to purchase, combine,
and consume inputs to treat a cubic metre of wastewater. In contrast, economies of
scope were only partially confirmed by statistical analysis, since global efficiency
was positively affected by a wider scope of operations, but with a low level of
significance (p-value 10%). Consequently, further research is needed before
suggesting the enlargement of the scope of wastewater utilities to improve
efficiency. Finally, utility size exerted contrasting effects on two efficiency scores
(negative on “variable return scale technical efficiency” and positive on “scale
efficiency”), whose effects neutralized each other when global efficiency was
considered.
This paper addresses the issue of cost drivers for wastewater utilities, focusing
on the activities of sewage transportation and treatment and customer handling.
Sewage is mainly made of water and chemical constituents and bacteriological
organisms that adversely affect its quality and must be removed through proper
treatment. According to da Cruz et al., (2013), these services are responsible for
about 36% of the total costs of a utility supplying drinking water and collecting and
treating sewage: this illustrates the great importance of organizing wastewater
activities appropriately in order to capture cost savings. We investigate the potential
presence of economies of scale, scope, and customer density, as well as the effect of
other operational variables, on three different and key cost items: sewage
transportation, sewage treatment, and customer handling. To the best of our
knowledge this paper is the first study to focus on this specific issue.
Denmark provides an appealing setting since it is characterized by the presence
of a well-developed benchmarking system with publicly available and detailed data.
Furthermore, in Denmark, companies of different sizes and with different
diversification strategies coexist, serving different areas and populations. By
focusing on a single country, we eliminate cross-cultural noise, allowing us to
specify the optimal size, the degree of investment diversification, and the population
density that will produce the maximum level of efficiency in this particular setting
(Carvalho et al.,, 2012; Guerrini et al.,, 2013).
The article is structured as follows. Section 2 explains the process of data
collection and the research method adopted, while Section 3 discusses the results
obtained and Section 4 provides concluding remarks.

2.

Data collection and research method

Data were collected from the benchmarking report of Danish utilities, drafted by
the national association (DANVA, 2011). This research is based on panel data with
three years’ observations of 85 Danish wastewater utilities. As opposed to crosssectional data, panels provide information on the same companies over several time
periods. Repeated observation of the same company over time permits estimation of
any unobserved firm-specific factors that might affect performance.
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Transport costs refer to the electric power to pump sewage through the pipes,
manpower and maintenance costs, wastewater network amortization and
depreciation. Treatment costs include the energy absorbed by plants, manpower and
maintenance costs, plant amortization and depreciation, and expenditures for sludge
disposal. Finally, customer handling costs refer to the resources (staff, materials,
services and administrative overheads) used to send invoices, collect payments and
inform customers about firm policies. The sum of these three cost items represents
the total operating expenditure for a water utility.
Tab. 1 reports the items collected from the DANVA benchmarking reports of
2011, 2012 and 2013. It includes: economic values, such as costs and investments
realized per cubic meter; operational variables, such as the population served,
volume of water inflow, length of sewers, population density, total organic impact
and number of treatment plants with population equivalents (PE) of more than
30,000 people. Then, considering their scope of operations, firms are distinguished
into wastewater utilities (W), which only provide sewage transportation and
treatment services, and water and wastewater utilities (WW), which also cover water
production and distribution activities.
Tab.1: Variables included in the dataset and their measures and abbreviations
Variable
Transport costs
Treatment costs
Customer handling costs
Completed investments
Volume of water inflow to treatment plants
Total organic impact
Treatment plants above 30,000 (PE)
Population served
Length of sewers
Population density
Scope of operations

Measure
Unit cost per cubic metre in DKK
Unit cost per cubic metre in DKK
Unit cost per cubic metre in DKK
Unit value per cubic metre in DKK
Cubic metre
Population equivalent (PE)
Number of plants
Number of inhabitants in the area served
Kilometres
Population served/length of sewers
Mono- or Multi-utility

Abbreviation
TRANS
TREAT
CH
CI
VOLIN
OI
TP
PS
LS
PD
SO

Source: Our elaboration

We adopt three general panel data regression models under two different
assumptions: fixed and random effects.
TRANS = f(PD; SO; VOLIN; CI)
TREAT = f(PS; TP; SO; CI; OI)
CH = f(SO; PS)

(1)
(2)
(3)

The first equation relates the unit cost for wastewater transportation to PD and
SO to find the density and scope economies, respectively, while VOLIN is used as a
proxy of the firm’s size and serves to identify economies of scale. The unit cost of
completed investments (CI) is a control variable that could affect the dependent
variable. The second equation attempts to explain a variation in TREAT in terms of
economies of scope (SO) and scale. The effect of size is measured by two variables:
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PS, indicating the scale of the area served; and TP, referring to the size of the
treatment plants installed. CI and OI represent two control variables that could
positively affect the unit cost of treatment. Finally, CH is related to SO and PS, in
order to observe whether customer handling activities could benefit from the
provision of a wide range of services by a single firm (scope economies) or from its
size (scale economies).
General panel data regression models help check for individual specific effects
that are not measured by the explanatory variables and refer to specific features of
each selected firm and year observed. There are two common assumptions made
about the individual specific effect: the random effects assumption and the fixed
effects assumption. The random effects assumption is that the individual specific
effects are uncorrelated with the independent variables. The fixed effect assumption
is that the individual specific effect is correlated with the independent variables. If
the random effects assumption holds, the random effects model is more efficient
than the fixed effects model. However, if this assumption does not hold, the random
effects model is not consistent. The Hausman test was used to determine whether to
use the fixed effect assumption (predicting different coefficients for each firm in the
data set) or random effect assumption (predicting different coefficients for each firm
in the dataset in a random manner) for datasets that include short time periods or
have similar properties. The Hausman test assessed the following hypotheses:
H0: fixed effect estimates and random effect estimates are equal
H1: fixed effect estimates and random effect estimates are different from each
other.
If H0 is rejected, the random effect model is inconsistent and a fixed effect
model must be applied; conversely, when H0 is accepted the former is consistent
and efficient, while the latter is consistent but inefficient: in this case the random
effect assumption should be applied.
A simple function of the panel data with a fixed effect is:
Yit= αi+ βit*Xit+.….+ βkit*Xkit+eit

(4)

where: i=1,2,3,…..,N t=1,2,…..,T
In equation 4, i stands for individuals observed whereas t stands for time. The
individual specific effects are “fixed” and are included among the independent
variables as a “specific constant” (αi). In contrast, in the random effects model the
individual specific effects are considered as a component of the error term:
Yit= βit*Xit+.….+ βkit*Xkit+eit
where: i=1,2,3,…..,N t=1,2,…..,T

(5)
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Results and discussion

Tab. 2 shows the results of the statistical analysis: beta coefficients with their
relative significance levels are reported for both regression models (random effects RE - and fixed effects - FE). The Hausman test makes it possible to choose the best
model: RE is more efficient and consistent when transportation and customer
handling costs are observed (Prob>chi2 > 0.05), while the FE model is preferred for
the treatment costs equation (Prob>chi2 < 0.05); therefore the beta coefficients of
these models were examined.
Transportation costs are negatively affected by PD and SO. A high number of
customers per kilometres of sewers makes it possible to spread costs, reducing their
incidence on a cubic meter of sewage pumped: thus economies of density affect the
service of sewage transportation.
Similarly, a synergy in providing both water and wastewater services is
demonstrated, since WW shows lower transportation costs than the W cluster. This
kind of synergy also affects customer handling costs. Thus, economies of scope exist
and affect two out of three of the cost items observed.
Technical and administrative activities are positively conditioned by a strategy of
vertical integration: the transportation of wastewater is cheaper when a firm also
provides the water distribution service; at the same time administrative activities
gain efficiency with this integration, since invoices and other customer-related
documents can be sent only once for all services provided, saving on costs for
customer handling. Finally, no economies of scale were identified and the other
control variables (CI and OI) did not affect efficiency.
These results confirm those that emerged from a prior study (Guerrini et al.,,
2014), which, however, did not split operating costs into transport, treatment and
customer handling items, therefore they hinder any specific analysis.
Tab. 2: Results of statistical analysis
transport costs
population density
multi-utilities
volume of inflow to treatment plants
completed investments (DKK)
Hausman test
treatment costs
population served
treatment plants above 30 PE
multi-utilities
completed investments (DKK)
total organic impact (PE)
Hausman test
customer handling costs
population served
multi-utilities
Hausman test

RE
FE
-0.0042746**
-0.0009095
-0.9563856**
-0.9474455
-0.000
-0.000
0.0008659
-0.0011357
Prob>chi2 = 0.9523
RE
FE
-0.0000195***
0.000
0.0192364
-.0103243
-0.6168618
0.452088
0.0285665**
-0.0064169
0.000**
0.000
Prob>chi2 = 0.0000
RE
FE
-0.000
0.000
-0.252655**
0.2733337
Prob>chi2 = 0.1424

(***, ** and * indicate 1%, 5% and 10% significance levels, respectively)
Source: Our elaboration
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Conclusions

This article analysed the performance of wastewater utilities, with the aim of
contributing to the ongoing scientific debate about the most efficient way to
organize and manage this kind of firm. Our research extends the existing literature
on performance measurement in water utilities by applying a panel data analysis to
the wastewater segment. Evidence from this study highlighted every significant
difference between groups of firms in terms of degree of vertical integration,
customer density and firm size.
Some practical implications arise from these findings. National authorities and
firms should consider the impact of population density on the performance of
wastewater utilities. The authorities would do well to include this exogenous
variable in the benchmarking model adopted, in order to avoid any gap in utilities’
performance due to this environmental variable, thus highlighting only the effects
generated by real management skills and capabilities. Then, firms could pursue a
policy of merger and acquisition regarding other wastewater utilities operating in
high density areas, in order to reduce average costs. Furthermore, they could
promote the installation of mini treatment plants in rural and isolated areas, thus
reducing or eliminating the cost of the wastewater transportation, which represents
the variable most affected by density. Finally, a vertical integration strategy must be
pursued, since transportation costs are reduced by the joint provision of water and
wastewater services and the burden of the administrative area is lightened.
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Purpose of the paper: The paper is aimed to carry out an indicative proposal for an
efficient management of water resources in the Mediterranean countries. The proposal is
based on the experiences gained within the Improware Project.
Methodology: Starting from a national and international literature review, the paper is
analyzing the relationship between the local authorities of the beneficiary country of
Improware Project and all the variables connected to the concept of accountability.
Afterwards, the report aims to outline indicative proposals in order to improve, within the
public administration, the efficiency of activities made and, at the same time, enhance and
promote a social participatory approach.
Findings:The adoption of the concept of accountability necessarily leads to the
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1. Introduction
The evolution of the socio-economic system is characterized by increasing
uncertainty and unpredictability elements which, together with the modest economic
growth, make even more critical and difficult both the production and distribution
processes - as a means of social balance and economic development driver. The
problem concerns, as mentioned above, both the public and private sectors which
tend to consider the State model and the role of the market as a regulation element of
economic activity (UN, 2008).
The state models are characterized by increasingly frequent forms of
decentralization and federalism (Keating and Loughlin, 2013); timing and manner of
change depend both on the history of each country and the specific conditions of the
context wherein each moves.
Besides this decentralization process, we are witnessing a growing process of
aggregation of the States which agree to share and entrust a higher-level government
with the supervision and the regulation tasks of the member countries; the
community members have to comply with economic and legal constraints, then
certificates from appropriate authorities.
The market system and the globalization processes, characterized by elements of
strong competition, affect different aspects: on one hand, they seem to favour the
increasing concentration processes which may lead to control forms of markets, life
conditions and consumption models (Wiktor, 2014), while, on the other hand, they
are weakening the production areas where the main factors of success are always
linked to the reduction of production costs (Goksoy et al., 2012). The entrance of
new competitors in the global market shows obvious cost advantages; these lead
towards a marginalization of the productive areas which are not able to redefine
their competitive modes. The cost advantages of these new countries derived also
from different socio-economic conditions - for example, different level of control
and lower environmental limits- have determined a greater attractiveness of these
countries.
For this reason, a new regulatory plan of economic activities for these countries
is necessary, in order to ensure more forms of transparent competition and a efficient
control of the business combination processes at international level. The issue of
accountability arises in a critical way as a useful tool for the regulation of the public
administration and the enterprises’ activities, taking into consideration the
functioning mechanisms of the markets (Bovis, 2010).
The search of accountability becomes therefore essential for a proper activity of
the public administration; moreover, accountability is a tool that can facilitate the
adapting process to a rapidly changing reality.
Concretely, the concept of accountability is amorphous and difficult to define;
accountability exists when there is a relationship where an individual or a body, and
his performances, are a subject to be monitored, directed or justified. Therefore, it is
possible to affirm that the concept of accountability provides two different aspects,
namely answerability and enforcement (Goetz and Jenkins, 2001). The first one,
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referring for example to public administrations, is related to the ability of the
government, its agencies and public officials, to provide information about their
actions and to justify their strategies to the public institutions and to the citizens;
enforcement refers to the possibility of the public institution, responsible for
accountability, to sanction the offending party or remedy the breaching behaviour.
The issue of accountability arises in a functional way towards these problems as
a useful tool for the valorisation of activities, especially in a social context; a
complex concept to be expressed through the different forms which it may assume.
The objective of this paper is to contextualize this issue within the
IMPROWARE Project, analyzing the relations with the involved municipalities in
order to highlight the identified strengths and weaknesses.
In the first part of the paper, a review of national and international literature will
be provided, analyzing the actors whom characterizes the achievement of the
objectives. In the second section, a detailed description of the IMPROWARE
activities will be made, examining, as mentioned above, the relationship between the
relevant local authorities and the variables connected to the concept of
accountability. Within the last part, a comparison, in terms of legislation and
application, among the beneficiary countries of the project and the EU context will
be proposed. Moreover, the report aims to outline indicative proposals in order to
improve, within the public administration, the efficiency of the activities made and,
at the same time, enhance and promote a social participatory approach.

2. A theoretical description of the concept of accountability
The concept of accountability, in recent years, focuses on how to restrain the
power of the decision - maker, prevent abuses and keep in line with the established
rules. As mentioned above, it implies the aspects of both answerability (providing an
account for the undertaken action) and enforceability (sanctions for poor or illegal
performances).
The institutions, in this prospective, are seen as instruments for control, learning
and improvement. Office-holders acts in the public interest when they are
accountable towards the governed - i.e. when they have to explain and justify their
behaviour and performance to the citizens and are sanctioned for misbehaviour and
power abuse (Philp, 2009).
Over recent years, the concept of accountability is object of international debates
(Bovens et al., 2014). This led the concept of accountability to become a malleable
and often nebulous concept, with connotations which are continuously changing.
One of the prevalent uses of the term can be explained through the evolution of the
strategic thinking of key development agencies concerning the State and, in
particular, the importance of creating mechanisms of accountability towards the
citizens. In this sense, the comprehension and the implementation of accountability
must be seen as something that depends on a set of circumstances. The way through
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which must be applied, involves an agenda-setting power and a degree of authorities
to demand accountability from others (Lord and Pollak, 2010).
Accountability as a term, often synonymous with the concepts of responsiveness,
responsibility and representation (Przeworsky et al., 1999), is linked to a variety of
other terms in its practical usage such as surveillance, monitoring, control, checks
and public exposure (Schedler et al., 1999).
In accordance with the wide conception, it is necessary to identify where to
assign and locate the decision-making responsibility, how to device effective
mechanisms for answerability and enforcement, and how to give priority to the
multiple accountabilities. Accountability is therefore to be understood as a
behavioural conduct and certain standards in order to define expectations and
organize the social relations by embedding it within a recognized and accepted
framework of applications.
The implementation of the principles of accountability, as Shedler notes, means
to define who has the power to call for an account and who is obligated to give
explanations for their actions. In this version, accountability concerns people who
exercise power and not those who are subordinate to it.
Another version of accountability can be implemented and stimulated through a
virtuous process of public authorities, namely the Corporate Social Responsibility
(CSR) (Costa and Menichini, 2013). CSR is the activity through which companies
try to fulfil civic and social responsibilities and conduct their operations in an ethical
and environmentally sustainable way. This is usually driven by the civil society and
underpinned by public pressure, but it is seldom initiated without external input by
the company concerned. CSR is therefore often driven by pressure from the civil
society, through various NGO’s, sometimes working not only with the corporation
to design monitoring systems and CSR priorities, but often also working from the
outside to actively pressurize the corporation into adopting the CSR (Social
Observatory Pilot Project, 2004).
Despite a spread of awareness that can be developed, many experts argue that it
is unlikely for the majority of corporations to act in a responsible way, thus
requiring a regulation by governments and international institutions in order to
ensure social responsibility.
Another variation of this concept has been proposed by Cornwall (Cornwall et
al., 2000) who broadens its perspective, suggesting that accountability is both the
“held responsible” by others and the “taking responsibility” for oneself. This
includes a double dimension: internal, motivated by “felt responsibility” as
expressed through individual action and organizational mission, and external, in
terms of “obligation to meet prescribed standards of behaviour”.
An important intuition that highlights the complex application of the topic has
been made by Madison who affirmed that “the great difficulty lies in this: you must
first enable the government to control the governed; and in the next place oblige it
to control itself” (Przeworski et al., 1999). There are many studies that potentially
offer a greater understanding of the concept of accountability, through the analysis
of the kinds of mechanisms used by organizations to leverage the responsiveness.
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Another useful distinction, drawn up during the twentieth century, distinguishes
functional accountability (considering the resources, resource use, and immediate
impacts) from strategic accountability (considering the impacts that an NGO’s
activities have on the actions of other organizations and the wider environment)
(Dhanani and Connolly, 2012). This distinction is useful in order to highlight the
difference between efforts that focus on short-term organizational change and the
longer-term structural change.
Indeed, a demonstrated lack of an integrated perspective, that only in recent
years is narrowing, leads to analyzing how the companies deal with the multiple
accountability demands. It is fundamental to consider the stakeholders within the
implemented strategies, in order to develop a sustainable social awareness over time.
Despite all, some current thoughts affirmed that this approach is not enough to
orientate a discussion on organizations such as NGOs, where stockholders are not
the primary stakeholders and whose missions often do not include a calculus of
profit-making (Alnoor, 2003). Due to this, the NGOs are accountable to multiple
actors such as owners, clients and to themselves.
In recent years there has also been developed a conception of corporate
accountability which broadens its horizons, not limited to considering only
shareholders, consumers or employees, but including supply chain partners, local
communities, citizen groups and NGOs. The visibility of the corporate activities has
increased due to the communication technologies and global NGO coalitionbuilding. This generates an important accountability check on the ability of
corporations to focus on social interests. This kind of accountability can be seen as a
compromise between the economic interests of ownership and management and
interest of other stakeholders; in this sense, the concept of Sustainability Sweet Spot
(Savitzand Weber, 2006) expresses precisely the direction in which the pursuit of
profit merges with the pursuit of the common benefit.
Through this description, it is evident that “accountability” is a complex and
dynamic concept which can be described both as a tool through which individuals
and organizations are held responsible for their actions and a tool with which to
revise its own organizational mission and assessing performance in relation to the
goals set.

3. The Improware Project: the importance of the link between the
project and the local authorities
IMPROWARE is part of - and is co-funded by - the Sustainable Water Integrated
Management (SWIM) Programme, a Regional Technical Assistance Programme
launched by the European Commission to contribute to the extensive dissemination
and effective implementation of sustainable water management policies and
practices in the Southern Mediterranean Region.
IMPROWARE is a pilot project aimed at promoting efficient water management,
including non-conventional water resources, on two demonstration sites. At the first
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site, NubariyaWadi El-Natrun (Egypt), the local waste water treatment plant
(WWTP) will be upgraded for the refinement of the secondary effluent through a
constructed wetland. The improvement of the tertiary treatment of the existing
WWTP and the enhancement of the aquifer recharge site are instead expected in
Korba (Tunisia).
IMPROWARE is investigating different and specific methodologies for reusing
waste waters to recharge coastal aquifers in regions suffering from saltwater
intrusion. The goal is to compare the methodologies used at the two sites,
summarizing their best practices and state-of-the-art implementations. Furthermore,
IMPROWARE intends to ensure social awareness and public participation at both
regional and national level, enhancing the regional cooperation in a sustainable and
integrated management of water resources.
The project also aims to the provision of technical and policy guidelines to the
governments of Tunisia and Egypt in relation to the Waste Water reuse and with the
final goal to export any experience gained through IMPROWARE to other ENPI
Mediterranean countries. The project implements capacity-building activities to
improve institutional capacities, and enhance the regional cooperation in the area of
sustainable and integrated management of water resources.
A very important issue in order to promote the concept of accountability, lies in
the dissemination activity of the achieved results. This is fundamental in order to
create trust, as well as awareness of what happened, in business management,
whether it is related to projects or public administrations.
IMPROWARE encourages innovative approaches to water resources protection,
starting from the active involvement of the local stakeholders, whose role is a key
issue for the success of the project and for the further diffusion of the tested
practices and policies. For this purpose, a dedicated part of the activities (Working
Package 5) sets out Participation, Capacity Building, Policy and Technical
Guidelines and Dissemination. The aims are to:
- strengthen the participatory approaches and communication strategies among the
key stakeholders in order to promote innovative approaches to water resources
protection;
- encourage multi-stakeholders dialogue to identify needs and engage stakeholders
to achieve IMPROWARE goals;
- develop a participatory communication strategy that responds to the needs of the
stakeholders, including agricultural resources and the extension of services on
communication for development in Egypt and Tunisia;
- raise awareness on the project and its benefits through a local media campaign;
- draw the attention of policy decision makers and stakeholders in the Partner
Countries to the existence of new, innovative solutions to tackle water scarcity
issues.
The participatory approach has been a key element in order to meet the actual
needs of each of the local society’s component, living around the two demonstration
sites. In this framework, a set of dedicated workshops were held in Tunisia and
Egypt to promote the active participation of local stakeholders in the project’s
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activities and also to assess information and communication needs at institutional
and Civil Society Organization (CSO) levels.
Moreover, the project promoted the participatory planning of a communication
campaign through the involvement of the governmental and CSO stakeholders on
two main pillars:
- raising awareness on water saving in the local public opinion;
- empowering and building trust towards the Water Management Institutions.
Within the project there have been detected several critical issues related to the
lack of trust in government initiative, the key role of the NGOs and their
communications, and towards the pilot project. Furthermore, various criticalities
have been encountered due to the existing legislative framework in the Egyptian and
Tunisian context, where, for example, the reuse of treated water is not allowed for
irrigation purposes; regarding this aspect, there have been problems relating to the
sustainability and dissemination of the reuse of treated water.
As regards the problems related to the lack of trust in government initiative,
there is a general distrust in the government action; the issue of water quality has
also started to be perceived negatively by the users, as proposed by the government.
Moreover, there have been detected “rumours” about the supposed non-reliability of
the treated water, due to the past aggressive media campaigns. In this sense, there is
a transparency need for both sides; the government, for example, could increase the
trust of farmers and inhabitants and its own reliability by clarifying its strategy and
the obtainable advantages through the implementation of SWIM techniques (saving
costs, advantages for environment, etc.).
In this context, NGOs have played a key role, because the people trust more the
local NGOs than the Government; within the project have been necessary to involve
them actively in the communicative actions related to the benefit of reuse of the
treated water. The current conditions that characterize the entire water cycle, make
the water reuse a secondary issue compared to other emergencies, especially in the
countryside, where there is a - 20% lack of sanitation in the rural areas. In this sense,
it was decided to frame the topic of water reuse into a unique strategy of water
management.
As mentioned below, some critical issues were found due to the existing
legislative framework. Egypt has implemented a Code of Reuse of Treated
Wastewater in Agriculture (2001/ 2005) which regulates the quality criteria for
water reuse in agriculture, the requirements for irrigation techniques and the
requirements for health protection. According to the code, no edible crops or export
crops can be cultivated and irrigated with wastewater, regardless of the treatment
level.
Differently, the Tunisian Government gives high priority to wastewater reuse as
it is an important measure to save and protect the freshwater resources for drinking
purposes. The Tunisian legal framework (Water law) provides a good basis for
wastewater reuse, but requires further definitions and amendments. Moreover, the
existing quality standards are not enforced due to a lack of treatment capacity.
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At last, another encountered problem concerns the sustainability of the
Constructed Wetlands in small and medium communities, due to the lack of skilled
personnel to make the project sustainable and the poor quality of the incoming
water.

4. The indicative proposal for an efficient management of the water
resource in the Mediterranean countries
The concepts expressed so far, lead to affirm that an integrated management
system (Quattrociocchi et al., 2014) of water resources shall necessarily involve an
economic, environmental and landscape factors analysis.
Economic analysis is a concept that represents a novelty in this area because it
refers to an economic sustainability analysis of the environmental objectives,
considering the measures/actions planned to achieve them. Any water governance
plan has to analyze the economic aspects with a dual purpose: the cost recovery of
water services (Full Cost Recovery principle) (Kaika and Page, 2003) and the
pursuit of an effective combination for different water uses, on the basis of estimated
potential costs. The result is a strong interdependence between the pursuit of an
encoded environmental objective and its overall sustainability which incorporates
and integrates the economic aspects; this can be seen as result of an evaluation and
selection activity of various policy actions, followed by the quantification of the
environmental and alternative costs.
This approach is now important to considering factors such as the climatic and
environmental change and the increasing water demand for economic growth,
industrial development and civil needs. In this regard, the forum in Marseille
(http://www.worldwaterforum6.org), held on 2012, has reiterated the essential need
of an Integrated Water Resources Management: integration of a sectoral planning
and economic sustainability of the environmental objectives to be pursued and
achieved through economic instruments, such as the Water Pricing (Catturi, 2004).
Another useful variable to be considered is the environmental aspect; areas
characterized by high environmental fragility can be adequately preserved by
applying the principles of integration between the “Birds Directive” and the Habitats
WFD (Directive 2000/60)1 , achieving the "Good" ecological status for surface
water and the "Good" chemical and quantitative status for groundwater; the first
directive is characterized by an ecological approach and aims to ensure satisfactory
levels of conservation for species and habitats linked to the aquatic environment.
In the environmental assessment process there are often considered as integral
parts the environmental justice communities and the stakeholders. This topic will
receive sufficient attention only if it will be specifically examined and will have a
team devoted to these issues. While the team itself may be heavily weighted toward
1

Directive 2000/60/EC of the European Parliament and of the Council of the 23 October
2000 establishing a framework for Community action in the field of water policy.
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governmental or other organizations, the interests of a much wider group are
required (Burger et al., 2012).
A proper design of the Constructed Wetlands plants requires a multidisciplinary
approach. In addition to the engineering skills of the project, it will be necessary to
consider others variables related to biology, natural and territorial sciences and
landscape planning2.
Relating to the appearance of the landscape, linked to the inclusion of a
Constructed Wetland plant, the methodological procedure should consider the
following actions:
- analysis of the current state - firstly identify the area which includes the main
morphological elements that can potentially determine the perceptive basins of
the new work, the physical characterization of land use, the characterization of
anthropogenic elements and the regulatory constraints;
- analysis of the project in relation to the landscape;
- project landscaping.
Moreover, it should be emphasized that the Directive 2000/60/EEC has as its
basic model a modern water resources management, which must indispensably
consider the ecological, economic and social functions of the whole river basin
district. The preservation and protection of water resources, their sustainable use and
valorisation of aquatic environments have to be considered as key factors for the
conservation, protection and management of the landscape.
In order to achieve the maximum benefit in landscaping and ecological terms, it
is important that their localization takes place within a coherent framework of
regulation and planning, which will be able to set a proper balance between the
economic development and the biodiversity protection. Therefore, particular
attention should be given to the effects that agricultural, animal husbandry and
industrial activities have on water resources.

5. Conclusion
The conducted analysis so far, linked with the IMPROWARE Project,
demonstrates so far the importance of the evaluation process on the implemented
activities and the ability to determine a positive contribution to overcome the
obvious problems. This allows to frame the issue in a broader context, which
basically covers the themes of water management, organization of public and private
skills and the processes of sharing information between stakeholders.
This perspective highlighted the need to give priority to the process of sharing
the skills and to the accountability concept towards the final result, in order to
enhance the management of the relationship between the public and the private
2

Ispra, Guida tecnica per la progettazione e gestione dei sistemi di fitodepurazione per il
trattamento delle acque reflue urbane, Delibera del Consiglio Federale, 05/04/2012,
Manuali e Linee Guida 81/2012, ISBN 978-88-448-0548-7.
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sector. This model is linked to the responsibility of the actions made and the
capacity to respond to the achieved results.
The adoption of the result, as a factor to assess the public activity, highlights the
need to know the management procedures of the public funds and the effects on the
administered community as well as on the local territory.
The criteria of efficiency and cost effectiveness are no longer sufficient as
evaluation criteria; the goal is to strive, and not rescind, toward the effectiveness and
the transparency of the services’ performance, in order to create a relationship based
on dialogue and trust with the citizens (Quattrociocchi, 2000). The process tends, or
should tend, towards the corporatization of public administrations (Adinolfi, 2005),
acknowledging the concepts coming from the private sector, moving from a
fulfilment culture to a culture of the result.
If the efficiency criterion requires that the activities and services should tend to
match the demand in terms of quality and quantity, the effectiveness criterion is
distinguished by its ability to achieve the objectives and to respond to the needs
expressed by the community. Within the government, we are witnessing a change of
the operational concept, which is looking for credibility, trust and consent from the
citizens- users. In this sense, the PA has the burden to be accountable to the citizens
of the received mandate (Steccolini, 2004).
In the frame of accountability, it is therefore important to emphasize and
connect, even in the context of the activities carried out within the IMPROWARE
Project, the process of the stakeholders’ involvement and the achievement of results.
The encountered difficulties within the project, highlighted the importance to
connect authorities and context, in a framework where the external environment and
the process of the citizens’ involvement should be seen as a crucial element for the
success of the activities. Through the assessment of the performance (Gatti, 2014)
by the stakeholders, within the control phase, it is possible to develop the ability to
edit it in progress, re-formulating strategies and leveraging the feedback that
stakeholders are able to provide back. The subsequent involvement in the reporting
phase ensures a sharing of the results and of the future goals, increasing in this sense
the social legitimacy.
In conclusion, it is highlighted the importance to disseminate the implemented
strategies and sharing the achieved results to increase the consent of the citizens.
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publishing ethics.
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Titolo del paper
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Abstract
L’abstract non deve superare le 250 parole e deve essere strutturato secondo il
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• obiettivo del paper,
• metodologia,
• risultati,
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• originalità del lavoro.
In caso di submission di un paper in lingua italiana occorre aggiungere l’abstract
anche in lingua inglese.
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Le parole chiave, che devono consentire di inquadrare il tema centrale del lavoro,
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In caso di submission di un paper in lingua italiana occorre includere le parole chiave
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Lunghezza del paper
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Layout
• diversi per pari e dispari
• diversi da prima pagina

Spaziatura
• prima
• dopo
• interlinea
- tra titolo del paragrafo e testo
- tra testo e titolo del paragrafo/bibliografia
- tra titolo del paragrafo e sottoparagrafo
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• titolo contributo
• nomi autori
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• rientri testo
• note piè di pagina
• bibliografia testo
• rientro bibliografia
• titolo figura/tabella
• testo figura/tabella
• fonte

0 pt
0 pt
singola
una interlinea
due interlinee
una interlinea
una interlinea

Helvetica 14, grassetto allineamento a destra
Helvetica 12 MAIUSCOLETTO, allineamento a destra
Helvetica 10, grassetto, allineamento giustificato
Helvetica 10, corsivo, allineamento giustificato
Times New Roman 10, allineamento giustificato
0,5 cm prima riga
Times New Roman 9, allineamento giustificato
Times New Roman 9, allineamento giustificato
1 cm sporgente
Helvetica 9 corsivo, allineamento centrato
Helvetica 8
Helvetica 8, allineamento giustificato

L’intestazione delle pagine pari deve riportare il titolo del paper (HELVETICA 7,
MAIUSCOLO). Nel caso in cui il titolo superi i 65 caratteri (spazi inclusi), gli Autori
devono proporne un’abbreviazione.
Stile del testo
Il corsivo può essere usato quando si desideri enfatizzare parte del testo e per le
parole in inglese di uso non comune.
In caso di submission di un paper in lingua italiana, il corsivo va utilizzato per termini
stranieri che non abbiano un corrispondente in italiano e non siano di uso comune.
Non è previsto l’uso del grassetto, eccetto nei titoli dei paragrafi, né l’utilizzo del
sottolineato.
Regole grafiche del testo
Le citazioni devono essere scritte tra virgolette doppie alte (“…”) e seguite
dall’indicazione nel testo del cognome dell’Autore, dell’anno e del numero della/e
pagina/e (es.: Panati, 1981, pp. 48-53). Prima di caricare il file occorre effettuare il
riscontro delle citazioni con la bibliografia finale: i richiami non presenti in bibliografia
finale saranno eliminati dal testo.
Le note a piè di pagina vanno impiegate solo per commenti, approfondimenti,
riflessioni ulteriori e non per semplici richiami bibliografici.
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Tabelle e figure
Le tabelle e le figure (queste ultime comprendono anche i grafici) devono essere
inserite nel paper :
• numerate progressivamente,
• provviste di titolo e fonte,
• di colore bianco e nero, eventualmente in grigio,
• posizionate nel testo nei punti appropriati.
Per ogni tabella e figura inserite nel paper occorre allegare anche il relativo file in
formato originale. Sono pertanto accettati file in formato Word (.doc o .docx), Excel
(.xls) e Power Point (.ppt).
NON possono essere inviati file in formato immagine (.png, .gif, .jpeg, .bmp) o creati
con Adobe Acrobat (.pdf).
Bibliografia e sitografia
I riferimenti bibliografici, elencati in ordine alfabetico e, per ciascun Autore, in ordine
di data, devono essere posti alla fine del testo. Le citazioni bibliografiche devono
attenersi alle seguenti modalità:
Libri
PANATI G. (1980), Politiche di ristrutturazione industriale e decentramento
produttivo, Cedam, Padova.
PANATI G., GOLINELLI G.M. (1991), Tecnica economica industriale e commerciale,
La Nuova Italia Scientifica, Roma.
Articoli
PANATI G. (1987), “Produttività nelle imprese elettriche ed energetiche municipali:
strategie di efficacia e di efficienza”, Sinergie, n. 13, pp. 134-143.
MORAN P., GHOSHAL S. (1996), “Bad for Practice: A critique of the Transaction
Cost Theory”, Academy of Management Review, vol. 21, n. 1, pp. 13-47.
Capitoli di libri, saggi in opere collettive
MERLANI C. (1975), “Aspetti della programmazione organizzativa in azienda”, in
AA.VV., Studi di Ragioneria Organizzazione e Tecnica Economica, Scritti in
memoria del Prof. A. Riparbelli, vol. II, Cursi Editore, Pisa.
PANATI G. (1981), “I calcoli di convenienza tecnico-economica”, in Ardemani E., (a
cura di), Manuale di amministrazione aziendale, Isedi-Mondadori, Milano.
I siti internet devono essere citati a parte, sotto la bibliografia, nel seguente modo:
http://www.cueim.it
http://www.univr.it
http://www.uniroma1.it
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