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Absiract

This thesis examines the smategic potential of oeated wastewater reuse (TWWE) within a
comtest of stnuctaral water smess in Algeria, characterized by progressive andification,
increased climate vanabilicy, and intensified anthropogenic presomes. In Meditemunean semi-
and repsons, water scarcity has become a key determinant of apricultural and energy
development The stady iz grounded m the conceptual Famework of the Water—Ensrev-—Food
(WEF) MNewu:, which emables the analysis of inierdependancies among water secunity, ensrgy
eficiency, and agriculmral perfommance.

The main phjective is to aszess whether the sratesic inesratdon of TWWE can sivmitvnsnshy
optimize thess three dimensions at the national scale. The research is based ea the znalysis of
183 wastewater reatment plaots. using an miegrated methedologcal famework combining
Principal Component Analysis (PCA). muit-objective optimization through Pareto froot

st (both individual and global approaches), enilricriteria evalation of water, enerzy, and

ag:m:u]nml perfommance, and GI5-based s=ospatial analvsis.

The results hizhlight sipnificant smucnoal heterogeneity within the pagenal syst=m Omlv a
lmited proportion of meatment plamt: combine high mobilizable volumes with contrell=d
epergy iofensity. The application of the Parsto Tont ideofifies a resmicted subset of mon-
dommated plants presenfing efficient frade-offs bemesn mobilizabls volame, specific enarzy
cost, and agricuinaral potential A stable core of eight out of the 65 preselzcted plants remaing
non-dopunated across differend pmildcrtena scepanios. demensimating infmnsic technical
eficiency. However, the amalysiz shows that technical efficiency does not equate to decizion-
aaking eptimality. Stategc selecton depends on nomuative made-offs ntegmating ensrgy,
agmiculiural, and temitorial priomties. The spatial dimension proves decisive, as achual
performance depends on the coberences betwesn meament plants and imgated apriculmmal
arsas,

Crvemll, this rezsarch demonsmates that TWWE. when planned according 1o an integrated WEF
Mewns approach, consomutes a robuast lever for apmculiumal water secunmfy and systemuc
resilienrs in semi-ard comeuts.

Kevwords: Treated wastewater reuse (TWWE) — Water—Epergy-Food {WEF) MNewas —
Wational water securiny — Temitonal soategic planning — Muolficmeria optimization — Climate
chanzs — Semi-arsd regons.




Resume

Cette thess examine le potente] statégioque de Ia réntilisation des exax usess epuress (REUE)
dans un contexte de smess hydrigoe stractore] en Alzerie. margue par | andification progressive,
Taccenmaton de la variabilite climatique ef Iintensificadon des pressions anthropiques. Dans
Ies rézions semi-arides meditermanesnnes, [a rarete de 1'eau constite un facteur determinant do
developpement azTicole ef energetique. Letade s'inscrt dans le cadre copcepius] du Newu:z
Eau-Eoergie-Alimentmtion (WEF), gui permet & analyser les inferdépendances entre sacurite
hydrique, efficience énerzetice of performance agmicole

L objectif pnmeipal est 4 evaluer si [intézration stratégique de 1a REUE permet 4 optimiser
mmmmm:cﬁmdjm.mnsa] echelle pationals. La recherche repase sur I"anatyse de
183 stations d épumton, en mobilisant une architecnire methodologigae mtégrée associant

Analyze en Composantes Principales (ACT), optimisation multi-objectifs par fromt de Pareto
(mah*-;g individuslls et globale), evaluation muiticriters das ;J&rfun:nam:eg hydrigues,

enerpetiques of asricnies et analyvze peospatiale sous SIG.

Les résulfats mettent en évidencs une betérogensite struchurelle impomants du parc national,
Eeuleuuepm]mmnnhmmedemtumnnmmunmmmemubﬂﬁnhleﬂae 2 une infepsite
eneTPeriqus maftrises L apphcmmduimtde?m;]ermﬁdldeuuﬁﬂ'unmmhbmm
de statiens non dominses, presentant des compromis efficaces enme volume mobdizable, coat
energerique specifique ef podentiel agricole Un povau stable, de huit sur les 5 stations
préselectionness, demeurs non domine a fravers differents scenarios multicritéres, ce qui afteste
i e efficience technigue inmnseque. L amalyse montre, towtefiois, que Ueficience tecknigue
nesemnfnnipa&mlmﬂmﬂmdé:mmnﬂh 13 selection stratégique depend d arbimages
normarifs intéprant des prioTités énergetiques, azricoles et temitoriales. La dimension spatiale
appmﬂdﬂmmﬂahpumme&'ﬂrenwmmhmhme enire stfions

g’ épuration et parimete; imimIes.

En défimitive, certe recherche démontre que Ia REUE. lorsqu’elle est planifiés salon une logique
Hews imtégreée, constitae um levier solide de secumization hydrigue agricole ot de résifience
systemigue dans les contextes semi-arides.

Mots-clés - Réutilization des eaux usess eparees (REUE) — Nexus Eau-FEnergie-Alimentation
(WEF) — Securte bydrique natiopale — Planification stratégique temitoriale — Optimisadon
pmlbcriters — Chanzement climatiqus — Fegons semi-arides

W
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