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Overview of the Presentation
• Climate Change, Drought, Water scarcity
• Transition to Circular economy
• The effects of climate change on water resources and water reuse as an alternate water supply
• Transition to CE using an innovative system for the treatment of wastewater as well as the reuse of

wastewater in agriculture
• NCWR including, desalination and properly treated municipal wastewater,
• Decentralized Wastewater Treatment Systems, DWTS

• Benefits of DWTS as an innovative wastewater treatment system
• Treated water reuse in the circular economy context
• Future Perspectives

In this Presentation, we expose the Climate Change, Drought, Water scarcity in Mediterranean basin, the
challenges and wastewater treatment and Water Reuse within a Circular Economy Context.
In the next part, we explain the transition from conventional treatment to sustainable treatment based on
nature and using Decentralized wastewater treatment systems. We then discuss the wastewater treatment
and reuse of treated water in agriculture irrigation. Finally, we conclude with future perspectives.
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Overview of the Presentation
Green Deal: Novel Strategy towards a circular economy innovations in water
sector - A New ambitious European action plan
The current European policy on the circular economy tends to focus on innovation using Nature-Based
solution in relation with The Sustainable Development Goal (SDG) on water, SDG 6, [United Nations] :

we need to see wastewater as a valuable resource that we can use for the benefit of people and
ecosystems.
The goal is to turn wastewater into a valuable resource through treatment processes that nations
can use as an energy source or water for irrigation. But there’s also a need to reduce wastewater, and
on that front, a powerful tool already exists in the form of wetlands, trees and forestland – collectively
known as nature.
The Sustainable Development Goal on water, lists halving the amount of untreated wastewater and
significantly increasing recycling and safe reuse globally as one objective. However, most cities in the
developing world don’t have the necessary infrastructure and funds to manage wastewater in an
efficient and sustainable way.
In addition, over 80 percent of generated wastewater flows back into ecosystems untreated
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Industrialization , Urbanization
Reducing the amount of waste and
recovering what is unavoidable is a priority.

This indeed helps to limit the environmental footprint
while saving resources for future generations.

Climate change

Negative effects on the Quality and AVAILABILITY of water resources

Drought

Water Scarcity
The limits of natural resources &
the recent warnings about waste pollution are encouraging the development of a CIRCULAR ECONOMY.
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Water Stress in the Mediterranean Basin

Zone B

Zone A

State of the Mediterranean Marine and Coastal Environment 2013

the regions concerned are: zones A and zone B
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Water Stress in the Mediterranean Basin
Pressure on water is increasing in Zone A & Zone B
Zone A
Zone B

Pressure on water 2000

Pressure on water in 2025

Ref. Technical report on water scarcity and drought management in the Mediterranean and the Water Framework
Directive. European commission MEDITERRANEAN WATER SCARCITY AND DROUGHT REPORT, Technical Report - 009 2007
Climate change is responsible for the increase in forest fires and prolonged droughts in the Mediterranean and Middle 5

The Challenges

• Water
Shortages
• Limited water
availability – Imbalance
between water
requirements and water
supply due to
population growth,
urbanization and
economic development

• Climate Change

• Mediterranean is one
of the most vulnerable
regions in the world to
the impacts of global
warming – lower
rainfall precipitation
and extensive droughts

Transition to CE

• Untreated
wastewater
• 40% of cities in the
Mediterranean with a
population between
2,000-10,000
inhabitants are not
connected to any
wastewater treatment
plant

• Economic
slowdown
• The Mediterranean is
affected by a generalized
economic slowdown
which is driven, among
others, by the reduction
in investments and a lack
of sufficient employment
opportunities
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Transition to CE using an innovative system for the treatment of wastewater

Changing the
paradigm

Wastewater, a
non-conventional
water resource

Adopting new
technologies

• From a “linear” loop to a “closed”/”circular” loop
• From single treatment and discharge to solutions/initiatives supporting
recycling and reuse

• An all-year-round alternative supplementary water resource from which water,
energy, and materials can be recovered
• Especially true for locations where the available supply of fresh water has
become inadequate to meet water needs

• Building new treatment plants in form of resource recovery facilities or
retrofitting for this scope existing WWTPs
• Robust plant layouts which can recover resources from wastewater
7

Circular Economy: Benefits
Benefits Of The Circular Economy Model
CE models is crucial in the pursuit of sustainability, in which environmental, economic, and social aspects

The main goals and advantages of a circular economy are:
ENVIRONMENTAL

ECONOMIC

SOCIAL

The first advantage of a CE is the
protection of the environment, reducing
waste and the emissions of greenhouse
gases, systematizing recycling, and
ending planned obsolescence.
The CE also allows to decrease the
dependence on importation of
resources (raw materials, water,
energy).

Another huge benefit of
the CE is that it
stimulates innovation
and boost economic
growth, and could in the
long run enhance the
competitiveness
of
national companies

In addition, the CE creates
jobs and enables people
to save money, cutting
unemployment
and
poverty as well as reducing
the social impacts of
pollution
and
climate
change.
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Circular Economy: Benefits
CE models is crucial in the pursuit of sustainability, in which environmental, economic, and social aspects

Environmental

Sustainable Technology

Economic

Social
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The Project contribution

• Sustainable
technology
• Promote the
operational application
of an eco-innovative
wastewater treatment
system which is based
on natural processes
and renewable solar
energy

• Clean
water

• Water
governance

• Investments &
Employment

Promote the water
circular economy
by providing an
alternative,
supplementary
water resource
that is readily
available all yearround

• Improve water
governance through
the active
involvement of the
local communities in
the development of
wastewater
treatment and reuse
action plans

• Prepare the ground for
investment in the new
technology, increase
employment
opportunities and
stimulate the longterm endogenous
economic growth
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 NCWR as a key
solution to resolve
the water Shortage

NCWR, Non-Conventional Water Resources
Two alternative water sources are distinctly different groups,
the process is
energy-intensive
and environmentally
damaging

Moving Toward
the sustainability

Treated
wastewater
A sustainable
solution to water
shortage

Objective

Desalinated water (Reverse
osmosis and nanofiltration)

Seawater desalination may
represents a opportunity for
alleviating water stress
But the process can be
expensive and time consuming
due to the complexity of the
treatment process

Our objective in this presentation is to demonstrate innovative solutions on a large scale, in
accordance with European directives. Proposals should focus on the development of future water
services, going beyond the sustainability of water supply and addressing different water value
chains.
They should integrate, for example, the management of water resources and the provision of water
services, expand the reuse of treated wastewater in irrigation, ensure carbon-neutral water
services and close the water cycle.
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Nature-based solutions, NBS, for wastewater treatment

12

Water Reuse within a Circular Economy Context

Enhancing the circular economy with nature-based solutions in the built of decentralized wastewater treatment

Decentralized Wastewater Treatment, DWTs
Decentralized Wastewater Treatment and Reuse within the Concept of CE

Decentralized systems offer many benefits for rural or remote residential or community applications:
● INTEGRAL part of wastewater and sanitation strategies.

● TECHNOLOGICAL options
● increases REUSE opportunities.
● ADAPTABLE discharge requirements.
● reduces the RISK

● Source of RENEWABLE energy
● Opportunities development and INVESTMENT
● All kind of TREATMENT for water
● taken into ACCOUNT the economic and social situations.
● NO wastewater transport
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Wastewater Treatment & Reuse

Implementation the
Wastewater from Waste to Resource
by creating a Circular Economy
Wastewater
Collection

Wastewater

Towards a local optimization
of water consumption,
NCWR as a key solution to
resolve the water Shortage.

Wastewater treatment facility
Treatment Process
Water for
Reuse
Irrigation

Effluent

Screenings

Sludge

Biogaz

PRODUCT
FOR REUSE
Agriculture

Anaerobic
Digestion

INNOVATION

INNOVATION Product

Recycled wastewater and
Rainwater harvesting also allow
to reduce scarcity and ease
pressures on groundwater
Surface/Ground
water
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Water resources recovery facility

Wastewater and sludge as a source of raw materials
As well as providing a safe alternative source for treated water, wastewater can also be seen as a potential source
of raw materials. Thanks to developments in treatment techniques, certain nutrients, like phosphorus and
nitrates , can now be recovered from sewage and sludge and turned into fertilizer.
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Wastewater
Collection

Wastewater
Wastewater treatment facility
Treatment Process
Water for
Reuse
Irrigation

Screenings

Effluent

Sludge

Biogaz

PRODUCT
FOR REUSE
Agriculture

Anaerobic
Digestion

INNOVATION

INNOVATION Product

Surface/Ground
water

Objectives of the Project
The potential circular economy solutions in water sector
 The project aims to address the present situation of water scarcity in the
Mediterranean region, with a mission to change the present model of wastewater
reuse, and of imposing an eco-innovative technology (including anaerobic
digestion, constructed wetland, solar treatment).
 This technology has a low cost of operation and maintenance as it uses less
chemicals, runs on renewable energy, produces biogas and fertilizer, and the
constructed wetland will thrive as an ecological tourist attraction, aside from being a
climate-change mitigation measure.
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The Project contribution
ANAEROBIC DIGESTION
Secondary treatment

Anaerobic degradation of suspended
and dissolved solids

Biogas generation and solid digestate
for use as fertilizer

CONSTRUCTED WETLAND
Tertiary treatment

Further reduction of organic content
and nutrient compounds

Ecological tourist attraction and bird
habitat

SOLAR RACE-WAY POND REACTOR
Post treatment

Removal of odor compounds,
pathogens, and organic micropollutants

Effluent water with excellent quality
characteristics for reuse
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The Project contribution

• Anaerobic Digestion (AD)
• Secondary treatment of domestic
wastewater based on the anaerobic
digestion process focusing on
energy efficiency of biogas
production and utilisation of the
nutrient-rich by-product generated
(solid digestate).

• Constructed Wetland (CW)

• Photocatalytic Oxidation (PO)

• Tertiary treatment by a natural• Post treatment of the CW
based solution to improve the
effluent in a novel solar
quality of the AD effluent, to
Raceway Pond Reactor (RPR)
produce biomass for valorization,
for high disinfection and
and provide an alternative habitant.
contaminants of emerging
concern removal efficiency.
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Water reuse in the circular economy context
Recovery of biomethane

Water reuse
in the CE context

 Effluent
 Inlet

co-digestion of sewage sludge
The anaerobic digesters have residual treatment capacities that allow for the co-digestion of sewage sludge,
which will increase the recovery of biofuels (biomethane) and nutrients (e.g., phosphorus) in existing treatment
plants.
The combination of eco-innovative technologies with anaerobic co-digestion allows for the integrated recovery
of biomethane, phosphorus, and biopolymers.
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Treatment wetlands as a multi-benefit nature-based solution
CW that treat wastewater through phytoRemediation process

Water reuse
in the CE context

CW
• The quality of water generated is sufficient for irrigation and agricultural activities. CW consist of a filter bed
of locally available sand/gravel and vegetated with wetland plants

• Efficient use of wastewater reduces the amount of groundwater used for agriculture. In addition, rivers
become less polluted if less wastewater is returned to them.
• So it has advantages for both for quantity and quality of water. In addition, Numerous technical solutions make it
possible to meet existing reuse standards, in particular WHO and FAO guidelines.
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CE Innovations: the potential solutions
• utilization of solar energy, which is an abundant resource in the Mediterranean region, for
the effective disinfection and non-selective photocatalytic oxidation of persistent organic
pollutants exiting the wetland
• depending on the demand, technical modifications can be made and biogas can be
generated by the anaerobic digestion of the organic content to supply energy,

• minimization of the excess secondary sludge and production of a solid byproduct
(anaerobic solid digestate) that can be used for land fertilization,

• The system can be implemented using local skills and know-how to provide contextspecific sanitation services and get optimum efficiency of the system
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Nature-based solutions for decentralized wastewater treatment in the East of Mediterranean

Future Perspectives

Water is a focus for UNESCO as one of the Sustainable Development Goals,
as Goal 6 is “Ensure access to water and sanitation for all”. UNESCO

Among the threats to water quality,
untreated or poorly treated wastewater
were identified as a key problem in the
east of Mediterranean, the best Strategy
which addresses the needs related to
the implementation of DWTs, Naturebased
solutions
for
wastewater
treatment and Minimizing treatment
footprint.
Water
efficiency

Waste
management

Energy efficiency &
renewable energy

Integrated Coastal
Zone Management

Decentralization is a potential solution to any sustainable Mediterranean water scenario in the future

UNESCO Report titled “Water Reuse within a Circular Economy Context”
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Thank You
for your attention

Dr. Ahmad ELMOLL,
• aelmoll@ul.edu.lb,
• http://www.ul.edu.lb/aquacycle

Finally, we would like to highlight the great effort
of the ENI CBC Med program for the support and
the help to the implementation a demo plant in
Lebanon in the AQUACYCLE project context
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