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Abstract:

Water is essential for human survival and also plays a significant role
in sustainable development. It is important to direct efforts towards the re-
use and recovery of water in the framework of waste management
considered as an element in the transformation towards a circular economy.
The implementation of re-used wastewater in a sanitary circular economy
for irrigation and agriculture purposes must be in accordance with standard
criteria that ensure the protection of the environment.

The objective of this paper is to contribute to the use of
competitive benchmarking as an accounting management tool, a
performance measure for improvement in wastewater treatment plants of
Algeria by comparing it with those in Tunisia and France. The paper
contains the theoretical framework for the study variables and literature
review to provide our performance evaluation model for wastewater
treatment plants. It relies on qualitative research by applying the
exploratory method and using the content analysis of reports.

Keywords: Benchmaking; Circular economy, Resource recovery.
JELClassificationCodes: M49 ,Q56
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1. INTRODUCTION

Water is a key element not only in human life, but it plays a very
important role in many sectors of the economy, suchas agriculture, industry,
and other sectors. Since water is an immensely valuable source, it must be
used in a sustainable way. However, as a consequence of human activity
and economic development, water resources are under pressure. Therefore,
the protection of water resources has become an important topic of many
environmental debates where many aspects of water issues were
incorporated in the Sustainable Development Goals (SDGs) like
ensuringthe availability and sustainable management of water and
sanitation for all. (Smol, Adam, & Preisner, 2020, p. 6). The most
important shared resource across the entire supply chain is water, yet
wastewater is the largest untapped waste category that is definitely a pillar
of the Circular Economy as defined by the EU Commission (Bianco, 2018,
p. 237).

Water and wastewater management is one of the biggest challenges
for the world as many kinds of industries depend on water and limited
access to clean water resources can limit both production capacity and
profits. Moreover, the disposal of wastewater, which can cause
environmental damage, is an inherent element of water management (Smol,
Adam, & Preisner, 2020, p. 2). Wastewater treatment is an important
process of enormous significance for environmental, economic, and social
aspects of sustainability. Wastewater treatment aids to reduce
environmental pollution, so limiting the negative societal impacts, it may
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have negative influences on sustainability. ( (Popovic, Kraslawski, &
Avramenko, 2013, p. 931). The environmental-economic focus of
wastewater treatment and management attracts growing attention in recent
years. Therefore, identifying key factors of performance is critical to
improving the operation of wastewater treatment plants (WWTPs) )(Wang,
Qiu, Ge, Liu, & Peng, 2018, p. 32649).

WWTPs have been designed and operated worldwide since the late
nineteenth century to protect environmental sustainability and human
health. WWTPs are complex systems that involve various biological,
physical, and chemical interactions. In addition, they suffer constant
changes in numerous operational inputs including the inflow rates and
wastewater characteristics. These complexities and variations challenged
the performance assessment of the WWTPsand their long-term
sustainability. Therefore, more robust and credible methodologies are
required to assess these challenges, and thereby improve the WWTPs’
performance (Wang, Qiu, Ge, Liu, & Peng, 2018, pp. 32649-32640).

Benchmarking is a strategy by which the sustainability of and
wastewater and sludge handling in WWTPs can be improved. Such a
practice can supply owners and operators with a tool to appraise their
plant’s performance relative to others of similar capacity and scope of
operation, and make informeddecision-making based on the results.
Historically, much of the benchmarking of wastewater treatment operations
have focused on a) Broader, high-level metrics of overall WWTP process
operations and performance, and b) Large treatment facilities with
advanced sludge processing. Few studies (Belloir et al., 2015; Foladori et
al., 2015; Hanna et al., 2017) have only evaluated small WWTPs that have
limited capital, operating, and human resources. Information gaps in the
genuine operation of such systems often exist. Multiple studies have found
that small WWTPs mostly exhibited higher specific energy consumption
than larger plants (Mizuta and Shimada, 2010; Yang et al., 2010; Silva and
Rosa, 2015; Haslinger et al., 2016; Singh et al., 2016) since the former do
not avail from the economies of scale that larger facilities show.
Accordingly, improvements to the efficiency of process operation and
management practices in such facilities could have an advantageous effect
on environmental and economic sustainability (Ceschin and Gaziulusoy,
2016). Benchmarking studies have generally involved the selection of key
performance indicators (KPIs) that were evaluated for each facility studied
(Balmér and Hellstrom, 2012; Benedetti et al., 2008; Haslinger et al., 2016;
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Krampe, 2013; Mamais et al., 2015; Silva and Rosa, 2015). Some indicators
involved unit volume of wastewater treated, and kilowatt-hours (kWh) for
electricity consumption; run-times... among others. While benchmarking
can provide insight into metrics of the sustainability of wastewater
treatment, most of the prior studies that evaluated sludge handling systems
were usually performed with various goals and did not include
benchmarking (Alvarez-Gaitan et al., 2016; Beavis and Lundie, 2003;
Hospido et al., 2005; Johansson et al., 2008; Lundin et al., 2004; Murray et
al., 2008; Niu et al., 2013; Remy et al., 2012). A joint goal of such studies
was to evaluate the influence of diverse sludge processing technologies and
end-use scenarios on sustainability. These studies were conducted on the
basis of either a single WWTP or the cumulative production of wastewater
treated and sludge of several plants in a region (Archer, Jin, & Parker,
2020, p. 1).

The overall goal of this paper is to use competitive benchmarking as
an accounting management tool in WWTPs. Competitive benchmarking is
an advantageous evaluation mechanism that locates opportunities for
improvement. It relies on the best practices found within and outside the
organization. It is a standard for evaluating and improving activity
performance. The aim of benchmarking is to identify the best-performing
activities and processes. The purpose of this study is to advance an
understanding of competitive benchmarking. Through a comparative
approach, this study aims to investigate the current implementation of
competitive benchmarking in the wastewater treatment plants of Algeria
(ONA) by comparing it with those in Tunisia (ONAS) and France in order
to establish its perceived benefits, obstacles, and possible improvements.

2. Literature Review
2.1 Benchmarking

Over the past decade, the competitive business environment has
dictated major shifts in corporate strategies, organizational cultures, and
designs. To keep pace with these changes, management has turned
aggressively to implementing innovative techniques such as total quality
management, lean manufacturing, and re-engineering. Management
accounting in organizations also has taken on a much-expanded role with
the development of activity-based costing and management (Young and
Selto 1991). Benchmarking has emerged as a central tool for these
innovations as organizations attempt to emulate the best practices within
and across industries (Elnathan, Lin, & Young, 1996, pp. 37-38).

Benchmarking is a common Management Accounting (MA) tool for
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measuring performance (Hussain, 2006, p. 370). The measurement and
evaluation of performance fall within the concepts of management
accounting (Garrison, Libby, Webb, Noreen, & Brewer, 2015, p. 6). The
CGMA considered benchmarking as a modern and essential tool for
management accountants because it is an important tool to support
sustainable business success and performance management and
measurement(Chartered Global Management Accountant, 2013, p. 5).

The role of management accounting across a wide variety of
organizational contexts has been expanded greatly since the mid-1980s.
Benchmarking has emerged as a central process through which
management accounting systems and specific types of information were
used and generated by the system can be compared and improved. In many
organizations, management accounting falls under the auspices of the
financial function. Within this domain, benchmarking is being used in two
ways: (1) just recently, benchmarking has been steered towards planning
and budgeting processes, billing, accounting systems development, credit
and collections, financial analysis, and internal auditing. (2) The other and
more established, benchmarking using is linked to the operations level of
both manufacturing and service companies. For instance, activity-based
cost management (ABCM) is being made more useful to organizations by
information derived through the benchmarking of functions, products, or
processes where external benchmarks and best practices are identified
within and across industries and incorporated into the design and
functioning of ABCM systems (Elnathan, Lin, & Young, 1996, pp. 49-50).

CIMA defines benchmarking as: ‘The establishment, through data
gathering, of targets and comparators, through whose use relative levels of
performance (and particularly areas of underperformance) can be identified.
By the adoption of identified best practices, it is hoped that performance
will improve(Eaton, 2005, p. 55). Benchmarking is also a management
approach for implementing best practices at the best cost. This pursues of
performance is predicated on cooperation among several organizations. The
requisite principle of benchmarking comprises of identifying a point of
comparison called the benchmark, against which everything else can be
compared. The key characteristic of benchmarking is its incorporation
within an extensive and participatory policy of continuous quality
improvement (CQI). Conditions for successful benchmarking concentrate
basically on an accurate preparation of the process, surveillance of the
relevant  indicators, staff participation, and inter-organizational
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visits(Ettorchi-Tardy, Levif, & Michel, 2012, pp. 101-103).

The success of the benchmarking project is ensured by a set of factors,
the most important of which are: the accuracy of selection of guidelines of
improvements; the existence of a mechanism for determining the priorities
of management accounting; and set of criteria and measures for defining
model management accounting systems. The success in the implementation
of changes is increased by using the package of benchmarking working
document(Kharlamova, Tkachenko, Poliakova, Lipskyi, & Prokhorchuk,
2020, p. 4). The purpose of benchmarking is to help management
understand how well the firm is carrying out its key activities and how its
performance compares with competitors and with other organizations that
carry out similar operations. CIMA describes four types of benchmarking
(Botten, 2007, p. 104):

e Internal benchmarking: A method of comparing one operating unit or
function with another within the same industry [assume it means ‘firm’
rather than industry].

¢ Functional benchmarking: Internal functions are compared with those
of the best external practitioners of those functions, regardless of the
industry they are in.

e Competitive benchmarking: Information is gathered about direct
competitors, through techniques such as reverse engineering
[decomposition and analysis of competitors’ products].

e Strategic benchmarking: A type of competitive benchmarking aimed
at strategic action and organizational change.

2.2 Circular economy

Circular Economy (C.E) is a system where the value of products,
materials and resources is maintained in the economy for as long as
possible, while minimizing the generation of waste. The first notions of
Circular Economy elements in national strategic development can be
tracked down to the 1980s and 1990s in German and Japanese policy,
influenced by the intriguing and then ‘new’ concept of a closed-loop
economy. In turn, these policies inspired China to innovate the Circular
Economy as its main framework for industrial development, delivering
increased economic growth with decreased environmental effects (Milios,
2018, pp. 864-865).

The shift towards a circular economy (CE) has become a significant
and widespread issue in environmental management in recent years. The
CE concept is a global strategy that was introduced first in China in 2002 as
the key strategy for the national development plan. In the European
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economy, in 2014, the Circular Economy (CE) concept was adopted in the
first communication regarding it called: ‘towards a circular economy: a
zero-waste program for Europe’. The European Commission defined the
CE as a ‘system which keeps the added value in products for as long as
possible and eliminates waste’. In 2015, in the second communication
‘Closing the loop—An EU action plan for the Circular Economy’ an
extended definition was provided: ‘CE is a system where the value of
products, materials, and resources is maintained in the economy for as long
as possible, and the

generation of waste 1s minimised (Smol, Adam, & Preisner, 2020, p. 1).

The circular economy is gaining increased attention over the
conventional “make-use-dispose” model. Researchers, industries, and
institutions recognize the circular economy as an approach to increase
economic growth in a sustainable way. Essential principles of circular
economy strategies concentrate on reduce, reuse, and recycle in order to
close the loops of materials and energy flows and eliminate waste (fig.
I)(Stanchev, Vasilaki, Dosta, & Katsou, 2017, p. 1). In the given
definitions, two important aspects that play a key role in the circular
economy. They are: 1) the more rational use of resources and 2) waste
management. One of the key elements in the diversion towards this kind of
economy is supplied more sustainable practices for resources and waste
management. It should be noted that the improvement actions concentrated
on conversion towards a circular economy should be targeted at all groups
of materials and waste in every branch of industry. As water is fundamental
for human survival and well-being and plays an important role in
sustainable development, the actions related to the reuse of water and the
recovery of raw materials from wastewater should be taken,as a way
towards the circular economy in the water and wastewater sector (Smol,
Adam, & Preisner, 2020, p. 1).
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Fig.1.Circular Economy
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Source: (Holzinger, 2020, p. 188)

The application of the circular economy to the water sector principally
modifies the perception of the water supply chains where water is seen as a
medium of valuable resources. While water infrastructures are deemed as a
part of an intersectoral value chain system, enabling to remodel of existing
water systems in an environmentally and economically sustainable way.
There is still a lack of appropriate tools and indicators measuring the
circular economy performance of a system(Stanchev, Vasilaki, Dosta, &
Katsou, 2017, p. 1). For that reason, this paper reconnoiters the
benchmarking of circular economy principles in the wastewater sector in
the key interlinked pathways of recycling wastewater treatment output
depending on several indicators.
2.3Wastewater treatment plants

Wastewater treatment is a process used to remove contaminants from
wastewater or sewage and convert it into an effluent that can be returned to
the water cycle with minimum impact on the environment, or directly
reused. The treatment of wastewater is part of the inclusive field of
sanitation that also incorporates the management of human waste and solid
waste in addition to storm water management. By-products from
wastewater treatment plants, like screenings, grit, and sewage sludge may
also be handled in a wastewater treatment plant. Biological processes can
be used in the treatment of wastewater and these processes may contain
aerated lagoons, activated sludge, or slow sand filters. To be efficient,
sewage should be transferred to a treatment plant by suitable pipes and
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infrastructure and the process itself should be subject to organization and
controls (Dinakar & Mithran, 2019, p. 374).

Reused wastewater is called “water reclamation” because handled
wastewater can be used for other intentions that the treatment process takes
place in a WWTP, often indicated to as a Sewage Treatment Plant (STP) or
a Water Resource Recovery Facility (WRRF). Pollutants in municipal
wastewater resulting from households and small industries are taken off or
broken down in a WWTP (Meena, Varshney, & Bharat, 2019, p. 651).
WWTP is an industrial facility where a combination of mechanical,
physical, chemical and biological processes are used to remove pollutants
from the incoming wastewater. These pollutants are various, and in the case
of some industrial wastewater, they may require specific treatment
strategies and techniques (Hreiz, Latifi, & Roche, 2015, p. 921)

The waste residue generated during these treatment processes is
known as sludge. Sludge production currently results in serious
environmental issues in many developed and developing nations. Rapid
industrialization, in conjunction with the extensive growth of urban zones,
has raised concerns in relation to sludge disposal. Sludge is potentially
hazardous because it contains absorbed residual organic pollutants from
treated wastewater. The treatment of the sludge is thus considered one of
the most significant issues in wastewater treatment, due to higher energy
demands and treatment costs. The sludge disposal processes comprise 60%
of the total operating and 40% of total greenhouse gas emissions from
wastewater treatment plants. Furthermore, sewage sludge is rich in
pathogenic microorganisms and toxic pollutants, with the potential to cause
serious risks to health. In order to obtain ‘class A’ solids, and attain the
demands of the Environmental Protection Agency, sludge should be
stabilized and detoxified prior to its final disposal or employ for land
(Muzammil, Al-Makishah, & Barakat, 2016, p. 617) by recycling it.
Therefore, this issue was raised in addition to the recycling of treated water.
2.4 Recycle wastewater treatment output

Like other process industries, a WWTP manufactures products, like
treated wastewater and sludge, can recycle them. But unlike most other
process industries, wastewater treatment is a process industry that is
submitted to many commotions where plants cannot monitor the raw
material entering the plant. Therefore, its outputs must be recycled to ensure
environmental protection and achieve sustainability (Amand & Carlsson,
2014, p. 7146):
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° WastewaterRecycling:

Generally, water reuse indicates the process of using treated
wastewater (reclaimed water) for advantageous intents such as agricultural
and landscape irrigation, industrial processes, non-potable urban
applications (like toilet flushing, street washing, and fire protection),
groundwater recharge, recreation, and direct or undirected water supply. Its
growing application has been eased by modern wastewater treatment
processes that have developed dramatically during the twentieth century.
These processes can now effectively delete biodegradable materials,
nutrients, and pathogens, thus the treated water has a vast range of potential
applications. Though non-potable water reuse is substantially dominant on a
global level, reuse as potable water has been accepted for centuries since
downstream users practically produced their potable water from rivers and
groundwater that had circulated upstream through numerous cycles of
withdrawal, treatment, and discharge. Moreover, to offer a reliable and
locally controlled water source, water reuse fetches enormous
environmental benefits, like decreasing water diversion from / or
wastewater discharge to sensitive ecosystems, decrease pollution and
protection from wastewater, and creating rehabilitation, or amelioration of
wetlands and riparian habitats. In the long term, water reuse is seen as a
sustainable approach and can be cost-effective. However, wastewater
treatment to a suitable quality for reuse and the capital cost for setting up
new distribution systems can at first be expensive compared to the existent
water supply systems. Water reuse must also take public admission and
security into account (Sun, Chen, & Chen, 2011, p. 265).

Inadequate water supplies and water-quality deterioration shapes
serious modern concerns for many municipalities, industries, agriculture,
and the environment in different parts of the world. Multiple factors have
contributed to these problems like constant population growth in urban
areas, pollution of surface water and groundwater, uneven distribution of
water resources, and recurrent droughts caused by extremist global weather
patterns. Water reclamation and reuse achieved two primary functions: (1)
the treated effluent is applied as a water resource for advantageous aims,
subsequently reducing potable water demands and (2) where effluent is
returned to the environment, ameliorates overall water quality in the
receiving water, which is often used posteriorly as potable water supply and
habitat. The foundation of water reuse is based on three principles: (1) offer
reliable treatment of wastewater to subtend strict water-quality
requirements for the purposed reuse applications, (2) protecting public
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health, and (3) gaining public admission. During the planning and
implementation of water reclamation and reuse, the reclaimed water usage
mostly controls the type of wastewater treatment needed to protect public
health and the environment and the degree of reliability required for each
sequence of treatment operations. In principle, wastewater or any marginal
quality waters can be used for any purpose as long as adequate treatment is
provided to meet the water-quality requirements for the intended use. The
dominant applications for the use of reclaimed water include agricultural
irrigation, landscape irrigation, industrial recycling as well as reuse, and
groundwater recharge. Among them, agricultural and landscape irrigation is
vastly practiced throughout the world with well-established health
safeguard guidelines and agronomic practices. From a global perspective,
water reuse applications have been advanced to substitute or augment water
resources for particular applications, depending on local water usage
patterns. In general, water reuse applications fall under one of seven
categories: (1) agricultural irrigation, (2) landscape irrigation, (3) industrial
reuse, (4) groundwater recharge, (5) environmental and recreational uses,

(6) non-potable urban uses, or (7) direct or indirect potable reuse. The

relative amount of water used in each category varies locally and regionally

due to differences in specific water use requirements and geopolitical
constraints. Notable aspects of each of water reuse applications are given in

the following (Leverenz & Asano, 2011, pp. 63-65):

- Agricultural irrigation represents the largest current use of reclaimed
water throughout the world.

- Landscape irrigation is the second largest user of reclaimed water in
industrialized countries and it includes the irrigation of parks;
playgrounds; golf courses; freeway medians; landscaped areas around
commercial, office, and industrial developments; and landscaped areas
around residences.

- Industrial activities represent the third major use of reclaimed water,
primarily for cooling and process needs.

- Groundwater recharge is the fourth-largest application for water reuse,
either via direct injection to groundwater aquifers or via pervasion
basins.

- Recreational and environmental uses constitute the fifth largest use of
reclaimed water in industrialized countries and involve non-potable uses
related to land-based water features such as the development of
recreational lakes, marsh enhancement, and streamflow augmentation.
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- Non-potable urban uses contain fire protection, air conditioning, toilet
flushing, construction water, and flushing of sanitary sewers.

- Potable reuse is another water reuse opportunity, although the likelihood
of implementing this option in the most locations is remote, a successful
example includes the city of Windhoek, Namibia.

While recycling and reuse of wastewater for multiple purposes
previously mentioned can be a highly effective strategy for developing a
sustainable water resource in water-short areas, nutrient conservation, and
environmental protection, it is fundamental to understand the health risks
included and to develop convenient strategies for the control of those risks
(Mara & Horan, 2003, p. 241).

° SludgeRecycling:

The wastewater sludge of sewer treatment facilities can compose a
basis for the creation of synthetic soils as their application safely increases
the crop of lawn grass and fertility of soils. Utilization of wastewater
treatment plants sludge as a soil component in landscaping will improve
sanitary conditions and will reduce human pressure on the environment will
be a valuable commercial product, suitable for that (Maksimova,
Kosaurova, & Peshev, 2015, p. 237). Once treated, sludge can be recycled
or disposed of using three main routes: land spreading, incineration, or
landfilling. Other, less progressing outlets exist, like silvic culture, land
reclamation, and other developing combustion technologies including wet
oxidation, pyrolysis, and gasification. Each recycling or disposal route has
specific inputs, outputs, and impacts (EC-European Commission, 2002, pp.
6-7):

— Land spreading: The land spreading of sludge or sludge-derived
material partially replaces the use of conventional fertilizers, since it
contains compounds of agricultural value. It also contains organic
matter, although under a form and at a level below that which would
have a significant positive impact on soil physical properties.
Composted sludge, however, presents a more stable organic matter due
to the addition of a vegetal coproduct during the process.

— Incineration: is a combustion reaction. Different techniques are
currently performed, classified between mono-incineration when sludge
is incinerated in dedicated incineration plants, incineration with other
wastes, or co-incineration when sludge is used as fuel in energy or
material production. Other technologies are also being developed such
as wet oxidation or pyrolysis. Outputs are flue gases, ashes, and
wastewater, as well as the production of energy.
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— Landfilling: There are two possibilities in terms of sludge landfilling:
mono-deposits, where only sludge is disposed of, and mixed-deposits
(most commonly observed) when the landfill is also used for municipal
wastes.

Neczaj and Grosser present current trends in WWTPs development
based on circular economy assumptions: (Neczaj & Grosser, 2018, pp. 614-
617)

1. Nutrient recycling from WWTPs has a positive impact on the
environment by reducing the demand for conventional fossil-based
fertilizers, and consequently, reduce the consumption of water and
energy. It is possible to recover nutrients from raw wastewater, semi-
treated wastewater streams, and sewage sludge (biosolids).

2. The reuse of treated wastewater from WWTPs, for agriculture and
irrigation among others is a key element of a currently implemented
strategy on which the circular economy is based.

3. Energy recovery at wastewater treatment plants represents an important
policy lever for circular economy and sustainability .

4. The use of sewage sludge in the construction industry fits perfectly into
the circular economy assumptions. The sewage sludge ash can be used
for building materials manufacturing, such as the production of bricks
or tiles. Moreover, it can be used as raw materials for the production of
cement, concrete, mortal, and lightweight materials, etc. It is also
possible and economically profitable to recover from the ashes that
remain after burning sewage sludge, such valuable elements as copper,
silver, or gold. Some researchers carry out research work on
biotechnology for wastewater treatment, providing an example off the
production of biodegradable plastics from biomass developing in
wastewater treatment reactors. Similarly, attempts are made to directly
generate electricity during the process of removing contaminants from
wastewater using Biological Fuel Cells.

3. Materials and methods

A methodology that was consistent with benchmarking and circular
economy, established in the literature, was developed to systematically
evaluate sludge recycling and wastewater recycling systems. The
methodology was tuned by employing it to characterize sludge and
wastewater recycling practices in three enormous companies in three
countries as case studies; Algeria (ONA), Tunisia (ONAS), and France (LA
FP2E) to practice our performance evaluation model that spanned a range
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of design and operating parameters to estimate benchmarking KPIs which

divided into two aspects, indicators related to water reuse and the other to

the reuse of sludge. Whereas, based on Neczaj& Grosser (2018)classifyfor
that.

- Definition of KPIs: The KPIs quantified aspects of main indicators are
capability and capacity indicators in each country as the number of the
stations, communes and employees, the volume of nominal flow, and
the network length. As for the performance indicators of water
recycling, the volume of treated water used for irrigation and the area of
irrigated lands were employed. Regarding the recycling of sludge,
different practices were observed between the stations of the three
countries involved in the study. For the stations in Algeria, the following
indicators were chosen: Production and recycling of sludge. For the
stations in Tunisia, the following indicators were chosen: Application of
sludge in agriculture, number of hectares applied to fertilizing with
sludge. For the stations in France, the following indicators were chosen:
Kgs sludge used for recycling, biogas produced, number of beneficiary
families, and Methane injected into the natural gas network. These
indicators were selected according to the reports and documents
available.

- Data gathering and analysis: One of the goals of the study was to
estimate KPI values for the WWTPs using actual operating data of
actual operation.Hence, a comprehensive data gathering and information
on the dimensions and types of treatment processes employed at each
facility were gathered from reports, documents, and site web. The data
describing flows of wastewater treated, sludge, and gas were obtained
from WWTP for three countries in 2017 was obtained from reports and
researches.

- Methodology: The KPI values were used for WWTPs then they were
compared to carry out a benchmarking analysis with an explorative
purpose. Exploratory research is executed to form a problem suited for
the more precise investigation or to frame a working hypothesis from an
operational perspective. Exploratory studies help in understanding and
assessing the critical issues of problems. In short, exploratory research
can be used to obtain necessary information and to develop a proper
foundation for conducting research. Exploratory studies are conducted
for three main reasons; 1) analyze a problem situation, 2) evaluate
alternatives, and 3) to discover new ideas (Sreejesh, Mohapatra, &
Anusree, 2014, p. 31). They are the main objectives of the
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benchmarking, as previously discussed. Hence, it relies on qualitative

research by used quantitative data and applying the exploratory method,

and using the content analysis of reports, documents and site web.
4. Results and discussion

The benchmarking results associated with the system input and output
were evaluated for the plants studied. Among the KPIs that involved raw
sludge production and treated wastewater. The following table shows some
indicators provided by FAO about treated wastewater in the three countries
throughout the 2013-2017 time series:
Table 1.Wastewater sector in Algeria, Tunisia and France

Algeria
Produced municipal wastewater (10"9 m3/year) 1.5
Treated municipal wastewater (109 m3/year) 0.4
direct use of treated municipal wastewater (109
0.05
m3/year)
Tunisia
Direct use of treated municipal wastewater (10"9
0.042
m3/year)
France
Number of municipal wastewater treatment facilities (-) | 3275

Source : (FAO, 2020).

After collecting the necessary data to implement the benchmarking,
the results of the general indicators comparison were in table 2.

At the level of general indicators, it is noticed that the capacities and
capabilities differ between the three companies studied, for example in
Algeria they provide the needs of 10 million subscribers, 2 million for

Table 2.General indicators

ONA ONAS LA FP2E
Country Algeria Tunisia French
Established 21 April 2001 3 August 1974 In 1938
Station 146 119 21702
Employees 13 370 3592 28 000
For habitant 9914714 1962000 64910531
Nominal flow 1 521 548 m3/j 712000m3/j /
Communes 1125 176 /
Network 52 195 km 16867 KM /

Source: (ONA, 2018)(ONAS, 2018)(LA FP2E, 2020)(BIPE, 2019) (oieau, 2020)
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Tunisia and 65 million population in France. This is due to the
difference inareas, size and capacity of wastewater treatment plants, for
example in France, despite the number of plants that host the number of
stations, most of them are small and medium plants. Ostensibly, it becomes
clear that the number of stations is insufficient, as it 1s less than Tunisia,
which has less space, but in reality Algerian stations are large stations and
this shows the number of employees, the nominal daily flow, the number of
covered municipalities, and the length of the sewage network.

Table 3.Wastewaterrecycling

ONA (Alg) ONAS (Tn) LA FP2E (Fr)
Treated | A volume of 1.6 | The amount of | Wastewater treated
water million m3 per | reused water is 59.5 | by water
use month, allowed the | million m3 over an | companies 2.25
2017 irrigation of 11,062 | area of 2734 | billions of m3 per
hectares. hectares. year only reused
0.2%.

Source: (ONA, 2018)(ONAS, 2018)(BIPE, 2019).

Most of the recycled water has been used in the three firms but the
rate of reuse in France is far from the European average (2%) and Spain
(around 10%). Thus, there are few facilities in Narbonne, Clermont-
Ferrand, Saint-Maxime, Le Mont-Saint-Michel, Pornic, (wikipedia, 2020).
As for France, according to BIPE report for the year 2019, the reused water
was directed for domestic use, while this was not indicated in the report of
each ONA and ONAS.The average monthly reuse for Tunisia about 4.96
million m’, it was about three times larger than Algeria. Yet, the irrigated
area in Algeria (ONA) is about five times that of Tunisia (ONAS).

It is noticed from the following two tables and the figure, that the
focus is different in the practices of recycling sewage sludge. In France,
sludge recycling focused on producing biogas due to the scarcity of this
resource naturally. In Tunisia and Algeria, the focus was on recycling
practices in the agricultural sector as fertilizers. It is noted that France has a
technology to inject biogas into the natural gas network, while this is
forbidden in Algeria to avoid the risks.After conducting a comparison
process between the practices of water treatment plants in Algeria, Tunisia
and France, ONA can benefit from the experiences of stations in Tunisia
and France in: Domestic use of treated wastewater biogas production,
especially since this process is considered a way to reduce the negative
impact of sanitation protection on the environment. Mechanisms for right of
biogas produced from recycling of sewage sludge in biogas networks
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intensifying the reuse of treated water for irrigation, especially as Algeria

suffers from water scarcity.

Table 4.Sludge Recycling in France
LA FP2E (Fr)

Sludge More than million tons
Biogaz 39 732 MWh
FAMILIES 4 000

BioMethane Injection | 0,015 TWh/yr

Source: (BIPE, 2019).
Table 5.Sludge Recycling in Tunisia

ONAS (TN)
Application of sludge in | 2900 tons
agriculture
For 400 hectares

Source: (ONAS, 2018).

Fig.2.Sludge Recycling in Algeria
4500

4000 W production (M3) 1%0'63
3500

- Wl Valorisation(M3) 92.60 |
2500 71.15 |

2000 54,90

1500 38.57 32.11 | 39.03
1000 17.89 |
500 H_] :
0

LM 2008 2000 2000 2011 2012 2003 2014 2015 2008 2009 2010 2011 2012 2013, 2014, 2015
Source:(LADJEL & ABBOU, 2016, p. 42).

5. Conclusion

The use of benchmarking as an accounting management tool, and a
performance measure for improvement in wastewater treatment plants of
Algeria (ONA) by comparing it with those in Tunisia and France as an
attempt to provide indicators for measuring the efficiency of waste
management contribute in establishing its perceived benefits, obstacles, and
possible improvements. The benchmarking methodology could be very
useful for improving the management of wastewater treatment plants and

169



L. Bekkouche, D. Dadda, M. Abdellaoui

contribute to save and decrease costs. Therefore, the following
recommendations canbereached:

1.

=)

10.

11.

12.

13.

14.
15.
16.

The necessity for the Algerian firm (ONA) to benefit from the
experience of producing biogas and its injection technology with
natural gas.

The necessity for the Algerian firm (ONA) to benefit from the
procedures for sludge valorization for its dissemination in agricultural
lands.

The Algerian company (ONA) intensified the volume of water and
sludge recycling and not being limited to certain stations without the
other due to the huge potentials that they produce during treatment.
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Abstract:

The circular economy is considered the most important deal made by giant
institutions in reducing the environmental footprint, which is the biggest threat to
the future of humanity, and at the same time it is the elixir of sustainability that
we need to continue in this life as we have become in dire need of developing
economic models.

Sustainable and in service. This is directly related to issues related to
scarcity of resources and the need to reduce waste. The new system depends on
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keeping products for as long as possible and then recovering or reusing them
thanks to the available means to reduce the environmental footprint.In order to
adapt to the elements of the circular economy, the legislative system must be
reviewed, especially the legal licenses for reuse or recycling, either from a
technical point of view, technology is the most important factor for the
manufacture of appropriate design of products and materials and to keep them at
the highest value and benefit at any time.

Keywords: Circular economy; Legislation; technology; Obstacles; Sustainability.
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Abstract:

The aim of this study is to identify the concept ¢ characteristics and the
role of vertical farming in reducing environmental challenges.Through the
theoretical aspects of the study and presentation of some successful
international experiences in vertical farming.
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The study achieved several results: vartical farmscanbe built within
large cities and in residential neigh borhood sevenabandoned buildings ¢ it
also meets the needs of the population for fresh vegetables and fruits and
reduces of the cost of transportation of food products ¢ the beautiful green
appearance covers the buildings ¢ in addition to its ability tomaintain water
at 90% and decreases oil damage.

Keywords: vertical farming; food consuption; environmental challenges;
weter conservation; successful international experience.
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Abstract:
The study aims to shed light on the importance of the circular
economy, as it is considered one of the best ways to get rid of waste and
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preserve the safety of humans and the environment together, and it is one of
the basic concepts to enhance environmental sustainability.

Waste of all kinds has a major role in environmental pollution and is
increasing with the increase in population and urban expansion, in addition
to industrial development and increasing consumption. Therefore, waste
recycling reduces environmental pollution and preserves human safety, and
this is what achieves sustainability.

The study concluded that the circular economy would reduce
environmental pollution and promote economic growth, through the optimal
use of resources and for the longest possible period, and reduce waste and
reduce greenhouse gas emissions, thus preserving the safety of future
generations.

Keywords: circular economy; waste recycling.
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Abstract:

This paper seeks to identify the role of the circular economy in
achieving an appropriate healthy urban environment that is accessed to the
quality of life of the population on the one hand, and to monitor new
sources of sustainable development in accordance with investment in the
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field of waste recycling and valuation in order to minimize its damage to
the health of the population and the environment, and preserve the beauty of
nature, biodiversity and ecological balance. In the same vein, rationalizing
their exploitation as waste is a source of renewable energies.

Given the economic, social, environmental and urban importance of
the circular economy, it is necessary to promote awareness among members
and institutions of society about consumer policy and regulatory laws to
raise the challenge of the principles of the circular economy.

Keywords: Circular Economy; Waste; Recycling; Urban Environment.
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Abstract:

This study aims to address an aspect of the mechanism for preserving
the environment, represented by the waste recycling process, which in turn
is one of the most prominent topics of concern to the international and
national community at the present time, by conducting a field study for the
MAG SUB company specialized in the production of natural organic
fertilizer 100%, by relying on the recycling of several types of organic
animal and plant waste into fertilizer, as this product contributes to the
emission and development of green technology that is healing for the
environment.

The study concluded the necessity of activating the role of society and
enhancing its contribution to consolidating environmental awareness and
environmental culture among all its members, and trying to search for
alternative technologies that are environmentally sound and economically
superior to incinerators and open burning, such as the use of sterilization
with autoclaves.

Keywords: Waste Recycling, Organic Fertilizers, Sustainable
Development, Miq Seib Company.
JEL Classification Codes: O130, L71, L72.
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Abstract:

The aim of the study is to highlight the importance of the circular economy ¢
by working with cleaner production based on the use of resources and the transfer
of environmentally sound technology to reduce waste of materials ¢<goods and
energy and benefit from them by rationalizing consumption <re-use and recycling ¢
in addition to highlighting the role of the circular economy in directing
government and financial policies towards concern for the environment. Societies
and achieving the goals of sustainable development and climate protection.

The most important finding of the study is that the experience of the
European Union «which is the pioneer in adopting a climate-neutral model ¢
especially Germany is the first in the world in adopting this type of economy ¢
which is characterized by reducing the exploitation of environmental resources
and their impact on climate change ¢<since everything that man-made is reused.
Waste is seen as a resource ¢not a burden ¢and its recycling is one of the most
important factors helping to achieve sustainable development. As for Algeria ¢
despite its adoption of the new model of economic growth «it is far from such
investments in light of the absence of culture in the field of recycling <whether by
individuals or institutions.

Keywords: Circular economy ¢«waste recycling ¢<sustainable development ¢
Germany <Algeria.

JEL Classification Codes : Q50
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Abstract:

This study aims to identify the effect of circular enterprise models in
creating circular entrepreneurial intent among students, and it was
conducted on a facilitated sample of 58 students from Biskra University,
where the descriptive analytical approach and the questionnaire were used
as the main tool of the study and was analyzed by the SPSS statistical
package for data analysis .

The results showed a positive, statistically significant impact of the
circular contracting models on the intentions of students to establish a
circular enterprise, and the study recommended the necessity of activating
the university’s role within the framework of its social responsibility to
support and direct students ’positive attitudes towards establishing
sustainable circular projects, as an alternative to heading to the labor market
to search for jobs. at public or private institutions.

Keywords: circular business model; entrepreneurial intention; student;
university social responsibility.
JEL Classification Codes F610 ¢Z110 ¢Z000¢L66 .
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Abstract

This study aims to highlight the importance of energy valuation of
waste in order to achieve the dimensions of sustainable development in the
world, through the use of environmentally friendly energy and waste
recycling.

This study concluded that the energy transformation towards
renewable energies, including energy resulting from the exploitation of
waste, has become today a strategic choice to achieve sustainable
development in its economic dimension in particular, despite the problems
that this approach may pose, which calls for more efforts in this field.
Keywords: Waste energy valuation, bioenergy, sustainable development,
circular economy.
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Abstract:

Algeria has enormous tourist capabilities, but it has not been able to
make a fortune with this capacity for many factors, including non-
ecological behaviors in tourist areas;this paper aim to display the model of
eco-behavior modification. In addition, his importance is to suggest a model
of behavior modification; the important results of which are: encouraging
the conduct of the sorting and organizing of waste by tourists contributes to

the creation of their social responsibility toward the reception country.
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