Vol. 1, Issue 1, Dec 2016, 5-14 Knowledge to Wisdom
© BEST Journals

BEST: Journal of Recent Trends in Business & O
Human Resources Management (BEST: JRTBHRM) O BeSt JO urnals

THE CIRCULAR ECONOMY CONCEPT APPLIED TO NON-PRODUCT IVE
STRUCTURES: CASE OF THE WASTEWATER PROCESSING STATION OF

A TANNERY ALGERIA

NECER MOHAMED & SMAIN RACHID *?
Y RPI Industrial Prevention Research Laboratorytituig of Health and Safety,
University Hadj Lakhdar, Batna, Algeria
“Doctor Candidate and Teaching Assistant at Batrigdusity in Health and Safety Institute, Curreradking and

Research include Integrated Management Systemrfardhment, Health and Safety Management, Algeria

ABSTRACT

Leather industry on the one side boosts the locah@emic development, on the other side; it leadsh®
tremendous environment pollution and biologicalickaestruction. The goal of this paper is to usdere the necessity of
implementing a model of circular economy (EC) irder to achieve sustainable development for dewvegpgbountry
industries. While reviewing the reasons for thedhé® adopt the strategy of circular economy thosadopt cleaner
production for the industries of developing couwegrithe special features of Algerian society whitdkes the use of
circular economy necessary were also revieweds limportant to develop a method for developing erjpy for
industrialists to work with in initiating best alatble practices, taking into accounts all of thenpany subsystems. It is
important to broaden the application of the conagpder the EC to business systems that have loag bensidered
unproductive (wastewater treatment plants), in tlsise not taken into account by the traditionakswh EC as well as
waste from other polluting industries. Companiegehgreat opportunities to minimize economic loszed preserve the
natural environment by getting rid of its wasteutesd from tanning and also from external compatvegperate the works

known by their management difficult.
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INTRODUCTION

Circular Economy

Circular economy focuses on resource-productivitd @co-efficiency improvement in a comprehensive,wa
especially on the industrial structure optimizataimew technology development and application,jmgant renewal and
management renovation. The concept of a circulan@ny (CE) has been first raised by two British iEsnmental
economists (Pearce and Turner, 1990). In Econodfid¢éatural Resources and the Environment, theytpdiout that a
traditional open-ended economy was developed wathbuilt-in tendency to recycle, which was reflectgdtreating the
environment as a wasted reservoir. Yet, the opéeleeésystem could be and should be converted tacalai system when
considering the relationship between resource ndewasted residuals. In the same order, facingiegignvironmental
problems and resource scarcity, they called foeedrto contemplate earth as a closed economimsystee in which the

economy and the environment are not regarded Iadimter-linkages, but by a circular relationstounding, 1966).
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6 Necer Mohamed& Smain Rachid

The fundamental law for establishing a recyclingdsh society came in 2002 (Trade and Industry, 20@4)rovides
guantitative targets for recycling and demateralan of Japanese society (Van Berkel et al., 2008e common feature
of both countries’ CE policy is to prevent furthemvironmental deterioration and to conserve scegseurces through
effective waste management; especially integradéid waste management. The CE model has been inapleah as a new
way of raw materials, water and energy consumpdiod reduction in the leather industry. Reduce, BReRecycle and
Recover of the tannery effluents have our inteirest system considered until now as unproductivéuént treatment

plant) processes.

Effective analysis approach with analysis of theeass such as wastewater, and sulfide of the letahaery with
CE model provides guidance for the sustainable Idpweent of leather industry in the future. On thimeo hand,
environmental benefits will be obtained not onlyrainimizing the amount of discharged waste, butariarportantly by

minimizing the use of virgin materials for econoraittivity (Andersen, 2007).

The essence of an ecological economy is the oriemtald bring fundamental changes to the traditiovay of
development. Three aspects, which are economigcals@nd environmental dimensions, need to be demnsd in this
model (Zhu, 2005). The circular economic model (QE)ps to strengthen national security due to thportance of
sustainable energy supply. Additionally, the pesitenvironmental effects help to improve the ovesalll-being in the
society and advance a nation’s modernization (H26K)6).The enacted plan (2010-2017) for Algeriagsromic and
social development suggests the continuous impleatien and further development of the best avadladshctices, in this
case the EC model. It is not surprising to see tti@atAlgerian government spares no effort to phséh économic model
into practice for a number of companies and readeingt, Algerian faces serious and severe enviemai challenges due
to rapid industrialization and urbanization as wadl poor environmental oversight. Striking probleimsude water
depletion, and pollution, degradation of water teses and non-renewable Martial, desertificatiogforkstation. This
increase is due to the vulnerability of the Algariadustrial fabric, and to the technological acse&ment of the exporting
country which does not guarantee the success bhodagy transfer (broken link after turnkey), indétbn to acquiring
some polluting factories and consumers of water ematgy. In response to serious environment pradlenitigation of
wastewater, toxic and reversal of environmentalra@agtion have become urgent. (Wang et al., 200gyested and
regarded that the CE is the fundamental resoluba®move green barriers and expected that thrdagmplementation,
all companies of all countries would gain enhancedional competitiveness in international tradee Tduccessful
enforcement of the circular economy regulation befp tackle both environmental degradation and ueso scarcity

issues.

This study aims to contribute to the rapidly grogviiterature on the CE in general and serves f@mémentation
and effectiveness of Algerian CE’s policy in pautar. In order to achieve the goals, we first pneske CE concept and
explain why it is imperative for Algeria. In order achieve the goals, we first present the CE qunaed explain why it is
imperative for Algeria. Second, we introduce theent practices in Algeria companies (only the &ies) and discuss the
vision of integration of the EC concept in the di@f leather (tanning). Our main focus is to pravitie overall vision of
the EC integration concept in polluting industrgesthat a more holistic picture of circular econopngctices in Algeria.
Then, based on other literature, we identify theaulying problems for this national strategy in thlgerian context.

Finally, we provide the conclusion of the circutsmonomy development.
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CE model and Current CE Implémentation

(Geng et al., 2002) bring for waste managementeaedurages the development of companies that egrapiole
of scavengers (feeding the waste resources of otirapanies in the economic system) and decomp@ssirg the waste
resources from both producers and consumers andrdresform or recycle them back into the systengrder to build up
an industrial ecosystem. By last, in the waste mament area, the regulating and expending of tletewteade market and

building a venous industrial park aims to increimeproductivity and economic benefit of the reseurecovery industry.

The main wastes focused in tannery process arersiiowigure 1. Generally 6840 kg fresh hides needkg)
sulfide. The first wastes are certain amount ofidiland lime which are not absorbed by the peltthé liming process.
Secondly, the broken hair and epidermis in therdgrand non structural protein in soaking and limimgrease the COD
and BOD content in the water, which leads to wptélution.
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Figure 1: The Material Flow Chart during Leather Tannery

According to (Jing et al.,, 2011), the CE model amdnstrated in Figure 2, where the process retersllt
activities of resource /energy productions and gomions. The span between process A and procéssi®&ermined by
the scope of CE. For example, process B can fglimeess A or antecede process A. The arrangemdéotiofprocesses is

flexible based on the output, their intrinsic prafees and the following recycling network systems.

Reduce
Reuse
Recycle| Process A Simple Treatment
[Recove / _
; U echnical Treatment

Figure 2: Special Circular Economy Model (Jing et &, 2011)

Normally, process B differs from process A. In ttase that process B is the same as process Anditis| can be

transferred to Figure 3.
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Figure 3: Recycling Economy Model (Jing et al., 20

In our case the process B is different than proéesgspectively the process B is the installatdrwastewater

treatment of tannery and A is the Dehairing pro¢Eggure 4)
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Figure 4: SpecialEconomic Model 'waste'

process

Overview of Leather Tannery Waste
Tannery is an industry with strong potential oflptibn.

Water is charged with organic matter (proteins,tideg, amino, acid acids fatty, sulfides and chrdrivalent).
They are highly polluted (Tunay, 1996). The majodf the used operations consume several chemitladsanimal skin is
subjected to deferent process to eliminate the ,nbat lipids and the hairs. This stage uses deferkamicals (in
particular: the hydroxide of sodium, the hypochrof sodium, the dichromate of potassium, the ligtdorides, the
sulphuric acid, the acid formique, tensioactifs,IpBide of sodium, salts of sodium and ammonium,.)etc
(R.suthanthararajan. et al 2004) Dehairing is @gs® which aims to separate hair and epidermis thenhide. Chemicals
used for this process are lime and sulfides. Tewigyr in dehairing wastewater occurs as sulfide iahas to be converted

into sulfate in order not to produce hydrogen delfivhen alkaline and acidic wastewaters are miResuthanthararajan et
al., 2005).

The used product ends in waste water with a cleatribution in polluting load. These operations eagried out

in aqueous environment. Therefore generates watkitipn.
The tannery waste water pollution has two sources:
» Skin,
» Chemical reactive used in the various operations.

Table | gives consumption of the chemicals forttrent, agents of tanning and auxiliaries (R. sutienarajan et
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al., 2005). Vulnerability caused by the transfertethnology more than ever felt in Algeria, becatrse technological
advancement of the exporting country does not giieeathe success of such a transfer. Without patifin of water

(dysfunction of the installations) and in the aleseaf effective technology of recovery, the ungde annually
» 140 kilogram /day of chromium with their prices wit.22 € /kg, are equivalent to 51879.77 €/year;
» 162, 4 kilogram/days of sulfides with their pricgish 0.3€/kg, are equivalent to 16577.76 €/year.

On one hand in front of this heavy heritage of stdpuiconsuming water and chemicals of export, theagers are
forced to exert a responsible management, thaties)pfor example, to know well the chemicals impdeed in the
process (including the very prepared products)tate the safety measures for the protection of leeapd of the
environment and finally optimizes the operatioriref installations of waste water treatment in otdeanswer the multiple
requirements and stakes environmental, social aodanic) (R.suthanthararajan et al., 2005). Wasteagement and

environmental protection are mandatory requiremehisodern society.

Nevertheless these installations of treatmentsoififing water represent an unbearable becauskeeofiigh cost

of operation (chemical, energy, etc.), and of tlaéntenance and talks.

On the other hand, in Algeria, the steel mill ofHEldjar (ANNABA), and because of its activity, kmerates an
important production of industrial waste (slag) e¥hraises a problem of storage and pollution. Fotlg the example of
industrial nations this product, presents a plahtiiw material to low cost. Which must be expldien a large scale in

operations ' sometimes without interest for theiathtnators ' for example the operations of wastewtreatment.

The aim of this research is to develop a waste grftom another polluting industry which is therirand steel

industries (refer to figure 5). One will be inta\s particularly in:

e To count in a no exhaustive way the range of wgsterated by this industry which considered ricfemous and

nonferrous waste?

» To choose the waste which answers bests our prebdémsubstitution and valorization possibly for thdustry of

having leather.

» This research between thus within the frameworkhefapplication of the clean technologies of whith goal is

triple:

» Substitution and beyond a saving in expensive cteniMnSO4) for the tannery;

» To consider new exits for a waste (ferrous wast@nother polluting company (iron and steel indgstr
All this is carried out in a preoccupation of comibus environmental of sustainable developmentirdig).
Statistically the study by L.NT.PB H; dey Algierleent flow are:

» Acid effluent flow 170 m3 / day;

« Basic flow of effluent from 200 /day to 35C°hday.
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Figure 5: Conception of a Future Vision of the Ecoamy Circular Vision of Industrial Waste

MATERIALS AND METHODS
Objective

In order to mitigate the high cost of operating treatment plant MEGA by the use of chemicals usethe
operation of the treatment plant, we perform tedtsubstitution of a catalyst (manganese sulfateSGh by a first
recovery and waste from the steel industry of Algethen a second waste recycling in situ, basiorolum sulphate.
Based in part on the chemical characteristics moat similar iron sulfate (FeSPwith manganese sulfate MngQnd

secondly on the degree of oxidation of Fe@@d basic chromium sulphate, which oxidants t@becvery strong oxidant.

Hypothesis
Waste recovery used for the substitution of Mp&0O

» First waste in situ recovery: As a second altemeaguibstitution MNnSO4, basic chromium sulphatenftbe tannery
itself.

» Second waste recycling ex site as an alternatig $ubstitution MnSO4, iron sulfate (FeSO4) frame steel
industry in eastern Algeria (availability);

Diagrams species distribution of FeSahd basic chromium sulphate (Cr (OH) $€an be very informative for a
possible substitution.

Note: In addition to the test of substitution by vasowastes from the tannery itself and the steelosect
parameters such as the air intake, the air digtoibun the effluent to be treated and the amouatdlgsts (substituent) are

also modified to better understand their influeanghe performance of effluent treatment.

EXPERIMENTAL RESULTS OF SUBSTITUTION ACCORDING TO T HE MODEL (EC)

For the oxidation of sulfur with use of the MnS€atalyst
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Table 1: Results of Desulfurization -2ml MnSQ (with Variation of the Parameters)

1% hour 51,73 %
2" hour 79,32 %
39 hour 86,21 %
4™ hour 93,91 %
5™ hour 98,28 %
6™ hour 99,43 %

% of sulfure oxidized

Graphic 1 Percentage of sulfur oxidized

$8,2¢ 95,43

40 5172 —*— Percencage of sulfur vx.dized

Time (hours)

1sttime 2nd tirre 3rdtime 4th t:me 5htime Sth hour

Graphic 1: Sulfur Oxides as a Function of Time

Table 2: Percentage Oxidized Sulfide with and Withot Variation of Parameters

1% hour 51,73 % 00
2" hour 79,32 % 00
3% hour 86,21 % 00
4" hour 93 91 % 03 ,68
5™ hour 98,28 % 04,90
6™ hour 99,43 % 07,36
s 70
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Graphic 2: Comparison of the Results of Desulfurizdon (2 ml MnSO,)
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Table 3. Results of Oxidation with Waste to Comparén Catalyst MNnSO,

Time hours % oxidized Sulfur MnSO4 % oxidized Sulfur MnSO4 % oxidized Sulfur FeSC4 % oxidized Sulfur (Cr(OH) 804)
1°" hour 14,11 09,20 07,95 01,75
2" hour 36,81 19,02 13,07 10,53
3% hour 50,92 28,83 21,59 18,13
4™ hour 59,50 38,65 25,57 23,97
5™ hour 68,71 46,62 29,54 28,07
6" hour 74,84 47,85 32,95 29,82

—+—%% cxidized BufarMnB04 (with variaion of £ aranceters)
—B—9% cxidized SufarbnS04 (without veriation of paremeters
% cxidized BufarF23C4

% cxidized Sufar [Cr(OH) S04)
o0 74,84

60 / 4785
30 / e -
40 32,95
, / /

20 g T 298
10 - /
— .

1sthour 2nd hour 3rd hour 4thhour Sthhour éth aoar

graphic. 2 Comparison of catalyst MnSOd with differents wastes
substitution (Fe 2 + and Cr3 +)

Graphic 3: Sulfur Oxides as a Function of Time

DISCUSSIONS

From the tests on pilot, it arises that the Mp®8@éralyst used for the oxidation of sulfur defilyitenore effective
and in conformity than the ferrous sulphate Fe8@npared here to ferrous waste of the iron anel sextor. That could
be the consequence proportion of iron which préaties neighbors pH from 4, 6 to 6 and thus it desgake part that has
the oxidation of sulfur, whereas that sulfur whiekes part has close pH has 8. The Pourbaix catgesnform us about
this aspect of appearance of new species accotditite pH (Zhu, 2005).We agree to also say thaebetsults can be
obtained by increasing the concentration of thesswient (ferrous waste) in the effluent of thenary and by increasing
the reaction time of desulfurization as well. Tlsduson proposed could be used as springboarddesiple reflection for
the complex problems of companies which note their tsustainability is threatened because of tlagldowhich can be

relieved by rational solutions.

The companies has great possibilities of presertiregnatural environment and of minimizing the esroit
losses, on one hand, by the application of the eyainaf substitution and, or, recycling of ' valuahklaste, and on the other

hand by a responsible management for all undeemgsfor the company (station of purification foample).

Finally, at least as far as general environmentalagement systems, is concerned, the environmaoitay of an
enterprise must include a commitment to prevenfinfjution. In the United States, the common term tfee body of
knowledge, approaches, techniques, practices, estthdlogies aimed to minimizing the creation oflytan, which is
"pollution prevention,” or "P2." The terms oftenedsas near synonyms for P2 are "waste minimizatemb "clean

production.” These terms sum Together (Cheremi$iatal., 2001).
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INTERPRETATION OF THE RESULTS

The test and the proportioning of sulphides byidganides of potassium show us that the eliminatibsulphides
by oxidation to the air in the presence of catalystSO4 gives excellent results. Removing of 99, %3of sulfur
(graphicl). These results will be taken as meansoaiparison with the results of the substituter@fes waste resulted

from the activity of iron and steel industry).

The results obtained, show us that the treatmemntestilphurization envisaged is very effective. Hasvethe

reaction of time and the operating conditions nivestvell controlled (parameters).
The study on pilot of the influence of these par@mewith use of MnSO4 like catalyst, gives usrémults
(Graphic 2):

Indeed the results obtained, show us clearly almvalls to say that the best desulfurization isiedriout by
oxidation with contribution of air, and that simg@gitation without contribution of air will not benough to any case with
the desulfurization of the effluent ensures. Thiditst of the parameters (air agitation, air distriion, and the time of the

oxidation reaction) is well established
CONCLUSIONS

Stricter legal limits on sulfur levels require meges to reduce their value in the wastewater ddlftannery.
Removal wastewater is containing high sulfur cotraions that contribute significantly to the oveedfluent. However,
the final sulfate concentration in the tannery wastter is still too high to meet future standa@sparate results remain
low, 32% for waste from the tannery, and 30% fa Waste from the steel industry. But the sum ofréseilts of the two
wastes gives better results desulfurization, 60%xadized sulfur. The companies has great posséslof minimizing the
economic losses, and to preserve the natural emagat by, on the one hand, the application of tirecept of substitution
or the one of recycling the ‘waste valuable of othetory’s site which they find difficulties thatis to manage their waste,
and on the other hand by a responsible managemeall under systems of the company (station aitinent) even if this

one is not directly profitable for the company.
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